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1.1 INTRODUCTION TO THE STUDY 
The purpose of this thesi s is to examine i n the indu s t riali s e d 

con t ext o f southern Western Au strali a farmers' p erspectives on 

their involvement in the new l a nd- use practice of agroforestry . 

The definition of agroforestry used in this study was 

originally proposed by Borough and Brett (1 982), and later 

a dopted by Australia's National Agroforestry Working Group 

(Anderson, 1989a; Moore, 1986a:2) 

Agroforestry is the management of land for increased net social benefit by 
the simultaneous production of farm and forest products. "Simultaneous 
production" should be interpreted as production from one management unit 
(where the unit could be as large as a farm or even a catchment). "Forest 
products" includes direct products such as timber and indirect benefits such 
as shelter and lowering of water tables. "Net social benefit" includes all 
benefits of the system whether to the farmer or to the community, whether by 
productivity or preservation of the environment, and whether achieved in the 
short term or in the distant future. 

The National Agroforestry Working Group's Draft Strategy Plan 

f or Agroforestry as part of the Year and Decade of Landcare 

(Moore, 1989) identifies some methods by which agroforestry 

p ractices have been integrated into Australian farming : 

• widely-spaced trees for timber with pasture for grazing 
• managed shelterbelts 
• strategically placed woodlots 
• revegetation of degraded land 
• trees and shrubs for fodder and salinity control. 

Il lustrations of some agroforestry practices in southern 

Western Australia (WA) are shown in Plate 1. 

The thesis of this study is that use of agroforestry practices 

by farmers in southern WA is influenced by the impact of both 

external and on-farm forces on their decisions about the 

management of bushla-nd, as well as about the growing of shrubs 

and trees. The .emphasis of this study has not been on the 

e xternal forces, nor the process of decision-making, but rather 

on describing the involvement of farmers with applying 

a groforestry practices. The relation between the management of 

native bushland and the growing o f shrubs and trees has not 

b een thoroughly investigated in previous research. 
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(a) 

(b) 

Plate 1 : Illustrations of some agroforestry practices in southern 
Western Australia: (a) regeneration of native bushland by 
fencing it from livestock, (b) fodder shrubs (Acacia saligna) on 
farmed land to supplement pastures during the dry season. 
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(c) 

(d) 

Plate 1 : Illustrations of some agroforestry practices in southern 
Western Australia: (c) mixed native and exotic species 
windbreak for crop and livestock protection on farmed land, 
( d) shrubs and trees planted on a discharge area and 
waterway. 
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The growing of woody perennial plants with agricultural crops 

and livestock is increasingly being recognised in both 

industrialised and industrialising countries as a promising 

land management strategy for raising rural incomes and reducing 

land degradation. While not new, the modern science of 

agroforestry seeks an optimal, sustainable integration of 

animal husbandry, agriculture, aquaculture, forestry, soil 

conservation and other land-uses . A range of ecological and 

socioeconomic factors exerts its influence on the 

attractiveness and viability of agroforestry practices. Spatial 

variation in the interaction of these factors provides useful 

clues for explaining the involvement of land-users in 

agroforestry . 

This study addresses the general problem of identifying the 

main social, economic and environmental factors that influence 

the use of agroforestry practices by farmers in industrialised 

countries. Within the context of a case study in southern WA , a 

range of these factors is examined to provide a descriptive 

account of the involvement of family farmers in agroforestry. 

While the present study takes a broad view of agroforestry, 

previous research has concentrated on identifying the factors 

associated with use of the two main practices in isolation 

growing shrubs and trees, and the management of bushland. 

At the time of the present study in the late 1980s and early 

1990s, Australian farmers, scientists, environmental groups and 

the general public were substantially more aware of the limits 

to agricultural expansion and intensification than previously 

(Thompson et al. 1983; Heathcote and Mabbutt, 1988; DASET, 

1991) . During this period, criticism of the historic land 

clearing practices of farmers was replaced by a range of 

analytical studies that recognised the complexity of physical 

and social processes that have caused land degradation to occur 

in Australia (Blaikie and Brookfield, 1987). In addition, 

public policies which exacerbated land degradation have been 

identified (1) at the state level in WA (Schapper, 1984; 

Conacher, 1990; Select Committee into Land Conservation, 1991) , 

(2) at the national level (Roberts, 1986; Standing Committee on 

Environment, Recreation and the Arts, 1989 ; Synnott, 199lb) and 
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(3) internationally (Brown et al. 1990; World Bank, 1990; 

Reichelderfer, 1991). 

To resolve these problems, the viability of agroforestry 

practices has been tested since the early 1980s in both 

industrialised and industrialising countries (MacDicken and 

Vergara, 1990). However, a substantial amount of research and 

development work is still required, particularly in 

industrialised countries, before the extension phase can begin 

(Byington, 1990; Vergara and MacDicken, 1990). While the 

development phase of designing appropriate agroforestry 

practices in Australia has been well documented (Prinsley, 

1991), the impact of this technology on the land-use practices 

of farmers has not been adequately considered. Furthermore, the 

principal factors that influence involvement in agroforestry 

have not been identified, particularly in industrialised 

countries with mediterranean climates such as the study area in 

southern WA. No attempt is made in this research to extrapolate 

findings about the factors influencing agroforestry involvement 

to industrialising countries. 

1.1.1 Justification and Contribution 

Justification for the present study comes from the theoretical 

foundations which have been drawn upon to identify the salient 

relationships between family farmers and agroforestry. In the 

first instance , this study follows in the wake of recent 

modifications to the theoretical framework of agricultural 

geography which encompass research into technology, family 

farmers and land-use diversification (Whatmore, 1991). These 

changes have resulted from a background of concern about the 

relevance of studies in agricultural geography which emphasised 

the spatial aspects of farm production functions, rather than 

their relationship to the wider rural economy and environment 

(Bowler and Ilbery, 1987). 

Previous research within the field of agricultural geography 

has not considered the impact of agroforestry practices upon 

the family farm. Hence this study develops a new field of 

enquiry about agroforestry which integrates recent changes 

within the theoretical framework of the discipline with 

evaluation of contemporary advances in land management. In 

7 



addition, an important reason for the present study lies in the 

shortage of detailed regional studies about agroforestry, 

particularly within the context of mediterranean climates in 

industrialised countries. The study area in southern WA is 

uniquely suited for meeting the objectives of the present study 

primarily because it has a range of environmental conditions 

typical of other mediterranean climatic zones, with no reported 

significant variations in classes, ethnicity, or other social 

indicators. 

Hence the present study's focus on the farmers' perspectives on 

involvement in agroforestry provides an original and 

substantial contribution to knowledge in several areas of 

social science enquiry : 

Firstly, this thesis enhances understanding of the actual 

experiences of family farmers in the process of restructuring 

their land management practices to reduce land degradation and 

improve income earning opportunities. Attention to the details 

surrounding such changes is not frequently at the centre of 

research by geographers, or by anthropologists and sociologists 

(Hansen and Muszynski, 1990) . 

Secondly, the present study contributes to the emerging field 

of research about two main themes in contemporary agricultural 

geography which have recently been identified : 'the global 

crisis in agriculture, and the livelihood strategies of those 

living on the land' (Whatmore, 1991). In the first instance , 

this study addresses the sub-theme of technological responses 

by family farmers to threats that constrain their livelihoods . 

Within this context, research about the use of agroforestry 

technology, particularly in industrialised countries, adds a 

practical perspective to the academic conflicts which have been 

identified in debates over the terminology associated with 

sustainable development (Redclift, 1990) . In the second 

instance, the thesis contributes to another specific sub-theme 

which considers the impact on farmers' livelihoods of their 

diversification of income earning opportunities and land-use 

practices. In particular, this study directly responds to the 

reported shortage of research by agricultural geographers into 

the environmental implications of industrial agriculture 
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(Troughton, 1991), family farm diversification (Whatmore, 

1991), and the experience of farmers in the restructuring 

process (Hansen and Muszynski, 1990) . 

Thirdly , the thesis develops and tests a conceptual framework 

and classification of farmers which explain the influence of a 

range of physical and cultural factors on their involvement in 

agroforestry. Similar research in industrialising countries has 

also drawn on experience in the field of innovation diffusion 

studies for explaining the process of farmer involvement in 

agroforestry (Raintree, 1983a; Vergara and MacDicken, 1990). 

However, the present study's consideration of both the bush 

management, and the shrub and tree growing activities of 

farmers contributes a social science perspective to recent 

advances in knowledge about the relationship between 

deforestation, revegetation, water balance and land degradation 

control (Greenwood, 1992) . This multidisciplinary approach to 

the analysis of agroforestry has not been previously attempted 

in Australia (Prinsley, 1991), or other industrialised or 

industrialising countries. A further, more specific, 

contribution is made by the regional context of this research 

in southern WA. The study area provides the geographical basis 

for the empirical case study to examine the central thesis of 

this study, and identify if spatial factors influence 

agroforestry involvement. 

Finally, this thesis provides information from the social 

sciences perspective to a reasonably young field of research 

that has mainly concentrated on the development of cost 

effective , ecologically benign agroforestry systems. Until 

1977, this work had been dominated by studies around the world 

implemented within the traditional disciplinary constraints 

imposed by institutions responsible for agriculture, forestry, 

hydrology and soil conservation (Lundgren, 1987) . The formation 

of the International Council for Research in Agrof orestry 

(ICRAF) in 1977 has provided the first formal institutional 

framework for integrated studies about agroforestry in 

industrialising countries. Although no similar institutional 

context for research has been established in industrialised 

countries , the present study has drawn from the experience of 
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scientists in several disciplines to describe the perspective 

of Australian farmers on involvement in agroforestry. 

1.1.2 Aim, Goals and Objectives 

With regard to examining the thesis of this study, the problem 

framed above has been approached in light of the following aim, 

goals and objectives : 

AIM To explore and describe farmers' perspectives on 

involvement with agroforestry in an industrialised country. 

GOALS : To achieve this aim, the study seeks to (1) develop a 

conceptual framework which explains the impact of farm and 

non-farm factors on farmer involvement in agroforestry, and 

(2) identify the main factors which influence farmers in 

southern WA to use agroforestry practices. 

OBJECTIVES : In light of these goals, the study undertakes to : 

(a) Summarise the historical antecedents of farmers' use of 

agrof orestry practices in Australia and other 

industrialised countries. 

(b) Develop a conceptual model of involvement in 

agroforestry, from the farmers' perspectives. 

(c) Identify the dimensions of agroforestry in southern WA. 

(d) Identify groups of farmers with different types of 

agroforestry involvement, and use this to classify 

them. 

(e) Identify a range of factors which describe the study 

area farmers' perspectives on agroforestry involvement . 

(f) Describe and analyse the main factors influencing 

farmer involvement in agroforestry. 

(g) Describe and analyse the spatial distribution of the 

main influencing factors . 

(h) Consider the relevance of the research findings for the 

farmer classification, and the conceptual model of 

agroforestry involvement . 
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1.1.3 Methodology and Structure 

This study follows a systematic approach to identify the 

relative influence of a spectrum of cultural and physical 

phenomena on the involvement of farmers in agroforestry. 

Previous studies on this theme have considered either the 

growing of shrubs and trees, or the management of bushland in 

isolation from each other. Research findings from the fields of 

agricultural geography, innovation diffusion and adoption, 

sustainable development, and family farming as a business are 

integrated in the approach taken by the present study. 

Both qualitative and quantitative data collection methods are 

employed to examine the thesis of this study. This enhances the 

rigour of the analysis and assures the validity and 

representative nature of the study's research findings. 

Applying a deductive approach, a conceptual model of farmer 

involvement in agroforestry is developed, from which a 

classification of farmers results . An empirical case study is 

subsequently used to determine the extent to which the 

conceptual model and classification are relevant tools for 

explaining the involvement of farmers in agroforestry. 

The conceptual model of farmer involvement in agroforestry is 

described in the last section of this Chapter, in relation to a 

global literature review that is derived from both published 

and unpublished materials . Primary emphasis is given to 

scholarly work in the industrialised countries that considered 

issues relevant to the thesis of this study. Chapter Two 

elaborates the elements of this model in relation to the 

literature which is used to specify the variables thought to be 

influencing farmers' perspectives about agroforestry. Chapter 

Three establishes a basis for measuring differences in farmer 

involvement in agroforestry. Chapters Four to Six identify the 

following findings (1) the characteristics of farmers, farm 

families and their farming operations which influence their 

involvement with agroforestry practices, and (2) the main 

factors, including possible spatial factors, influencing the 

differential involvement in agroforestry of this study's random 

sample population of 655 farmers. Chapter Seven reports the 

results of a summary statistical analysis of the impact of 

social, economic and environmental issues and attitudes on the 
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practice of agroforestry. Chapter Eight concludes the study by 

identifying the salient theoretical and policy implications 

within the context of contemporary land management in Australia 

and other industrialised countries with mediterranean climates. 

The Appendices contain samples of materials relevant to the 

empirical aspects of the thesis, including discussion of study 

design, structure and limitations, along with a bibliography. 

1.2 THE CONCEPTUAL FRAMEWORK FOR ANALYSIS 
To explain farmers' perspectives on involvement in 

agroforestry, a conceptual framework has been developed to 

guide the analysis. The historical and theoretical contexts of 

the present study establish the basis for this framework to 

describe farmers' perspectives on agroforestry involvement. 

Once identified, this broad background is narrowed to focus on 

its relevance for the case study in southern WA. The components 

and design of the conceptual framework are formulated using the 

relevant literature to provide a concisely defined setting for 

the subsequent empirical phases of research. 

1.2.1 Historical Context of the Study 

The conceptual framework for examining the thesis of this study 

has been developed in part from a general background of 

historical concern and practical action to improve the 

sustainability of land management practices used by farmers. 

Both the post World War II Green Revolution in industrialising 

countries and the modernisation of agriculture in western 

countries have substantially altered the biological complexity 

and labour intensity of traditional farming systems by 

introducing highly mechanised, capital and energy dependent 

practices (Troughton, 1991). North America, followed by Western 

Europe and Japan, have been identified as centres for the 

technological and biological innovations which characterise 

'modern' agriculture in countries such as Australia (Bowler, 

1989; Enyedi and Volgyes, 1982). 

Adaptations to these innovations in northern hemisphere farming 

practices were developed in Australia which subsequently led to 

several reports, particularly by agricultural economists, about 

the stability and productivity of the country's rural economy 

during the post war period (Lloyd, 1970; Davidson, 1981; 

Donald, 1982; Scott, 1982). However, contradictory findings 
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during this period have raised considerable doubt about the 

apparent extent of progress (Mabbutt, 1978; Woods, 1983; 

Mabbutt, 1984; Roberts, 1984; Heathcote and Mabbutt, 1988; 

Roberts, 1989) . Geographers represent the majority of these 

critics, following in the steps of the eminent T. Griffith 

Taylor (1880-1963) who was noted for his disagreements with the 

'boosters'. Contemporary historical geographers have continued 

to point out the constraints to continued agricultural 

expansionism imposed by Australia's physical environment and 

the emerging dominance of the political, economic and social 

fabric of an urban society (Powell, 1988) . This background of 

concern for the rural producer provides the general socio

economic, environmental context in which the present study has 

developed its thesis. 

Centred upon the Australian farmers' increasing need for 

achieving sustainable levels of food and fibre production, the 

large-scale growing of trees and other plants has been heralded 

as offering potentially important environmental, economic and 

social benefits to the country as a whole (Eckersley, 1989) . 

Despite the general availability of expertise with 

reforestation to accomplish this objective, agroforestry 

practices have been more widely tested in industrialising 

countries through aid and technical assistance programmes than 

in the industrialised countries such as Australia (MacDicken 

and Vergara, 1990; Prinsley, 1991). However, considerable 

advances in agroforestry with wide-spaced pines on pastures 

have been made in the temperate zone by North American and New 

Zealand scientists (Hannaway, 1983 ; Gold and Hanover, 1987; 

Byington, 1990). Australian research, particularly in WA, has 

been recognised for its contribution to agroforestry under 

mediterranean conditions (Anon, 1978; Borough, 1979; Batini et 

al. 1983; Anderson, 1989). While much of the leadership and 

direction for this WA research has come from the professional 

community , farmers have also been credited with developing 

innovations in agroforestry, particularly for land degradation 

control (Reid and Wilson, 1985; Grewar, 1986; Richmond, 1987; 

Esbenshade , 1988; Newman et al. 1988; Wilson, 1992b). Hence, 

this study's focus on the farmers' perspectives about 

agroforestry is set within the spatial and technological 
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context of evolving land management practices in southern WA, a 

mediterranean climatic region where innovations in agroforestry 

have occurred since the early 1970s. 

Most studies of Australian agroforestry are located in high 

rainfall areas where commercially viable volumes of wood can be 

produced . The study area's rainfall zones are predominantly 

located below the 600mm per annum level, which is considered by 

CALM, the Department of Conservation and Land Management (Shea 

and Bartle, 1988), to be the minimum for economic tree crop 

production with either pines (Pinus species) or blue gums 

(Eucalyptus globulus) . However, agroforestry affords the 

potential for extending the present range of farm tree 

production opportunities to drier areas where traditional 

forestry options are limited . Agroforestry adoption in the 

study area is occurring at a rate which may well exceed other 

areas of Australia , possibly in response to land degradation 

pressures. 

The Biophysical Environment of the Study Area 

The study area covers 93,238 square kilometres, or 31 per cent 

of the state's total agricultural area (Figure 1 . 1). 
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The fifte en s hires (loca l government areas) in this reg i on have 

approxima t e l y 31 00 agri c ul t u r al establishments t h a t 

pre d ominantly produce cereal grains or l ivestock, o r both . 

Southe r n WA is s i milar to other mediterranean regions which 

have coo l wet winters and dry summers. However, during the 

summe r in the study area , heavy rains occas i onally fall as a 

result of the movement of tropical cyclones from the 

northwestern parts of the state . High winds associated with 

these turbulent events have been known to cause serious fires 

as we l l as wind erosion on unprotected farmland. In general, 

r a i nfall gradients in the study area drop off rapidly from the 

wes t ern and southern coastal districts to the central, eastern 

a nd northern areas where less than 350mm per annum is 

experienced (Gentilli, 1972) . 

The study area's physical geography can be described as, first, 

a gently undulating coastal sandplain which extends inland from 

the c oast about 40 kilometres in the west, but widens further 

t o the north and east of Esperance . This lightland plain is 

interspersed with areas of lateritic ironstone gravel and 

grani te . The sandplain gradually gives way to medium and heavy 

duplex soils comprised of clays and clay loams in the western, 

c ent r al and northern parts of the study area . The soils of 

southern WA have been mapped at the scale of 1:2 000 000 

(Northcote et al . 1967; Plumb, 1980), but more detailed mapping 

at a larger scale is not available in published form . However, 

the native vegetation has been thoroughly mapped (Beard, 1979) , 

and it s distribution roughly corresponds with the general soil 

types of this region . Predominantly low shrubland heaths along 

the sandy coastal strip give way to eucalypt shrublands (termed 

mallee v egetation) in the interior . This low rainfall mallee 

and sandplain country contrasts with the western, southwestern 

and northwestern parts of the study area which have forests and 

woodlands of medium height trees . 

While accurate figures are unavailable for the study area, 

abou t 80 per cent of the agricultural r egion of WA with annual 

rainfa l l between 300 and 600mm has been cleared of native 

vege t at i on (Department of Agriculture Western Australia [DAWA] , 

198 8d , (Australian Bureau of Statistics [ABS], 1989). The 
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rema ining bushland is ma i nly located on stre amlines, waterways, 

r idges a nd ot her nonproductive areas. 

Pioneers. New Land Development and Financial Constraints 

Historical r ecords suggest that the process of adapting to the 

gene r al l y i nferti l e soils of this region had tumultuous 

beginnings to the east, in South Australia during the mid 1800s 

(Me inig , 1 97 0) . At that time, the physical l imits to wheat 

farming were controversial, with both farmers and scientist s 

actively, but mostly separately, engaged in pioneering efforts 

to move Goyder's 1865 Line of Rainfall to the north. 

Diversification of wheat farming was also widely disputed, 

according to Meinig (1970:115) 

A much more important general feature of this agriculture was its emphasis 
upon wheat to the exclusion of all other crops or activities. Critics viewed 
this as nothing less than an ignorant, irrational obsession which promised 
certain ruin ... A wide range of crops were urged upon the wheat farmer. 
Probably the olive was the most commonly advocated: some pointed out its 
suitability for fencerows and windbreaks, others had visions of vast acreages 
covering the rolling hills of the north. The government tried to encourage 
such plantings by recognizing one acre of olives (or osiers, mulberries, vines. 
apples, pears, oranges. figs, almonds or hops) as the equal of six acres of 
cereal in meeting the cultivation requirements of the credit selection laws, but 
a farm reporter who strongly favoured such crops was chagrined that he 
could not find a single selector who had taken advantage of that provision. 
Wattle for tanning bark also had its supporters. Such tree crops could not, of 
course, be put in rotations, but they were advocated as a means towards 
building a more balanced economy - to diversify the sources of income for 
the farmers and the colony alike ... The persistence of this kind of propaganda 
was equalled only by the dogged refusal of the wheat farmer to pay any 
attention to it. 

No such publicity about farming diversification by establishing 

shrubs and trees or managing the existing native vegetation for 

either conservation or production has been reported in the 

early agricultural history of southern WA. The first 

governmental enquiry into the status of agriculture reported in 

1891 that despite extensive areas of ' useless' sandplain and 

ironstone country, wheat was the most promising major crop 

(Burvill, 1979:157). The findings also stated that 

diversification using mixed farming practices should be 

encouraged, but not until the 1930s did wheat and sheep farms 

predominate in agricultural areas. 

The success of the ley farming system with wheat and sheep, 

along with innovations in rabbit control, ferti l isers, pasture 

legumes, and land clearing, encouraged a continuous process o f 

government di rected farm expansion through the early 19 80s. The 

western, central and nort hern parts of the study area were 
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developed by settlers for extensive livestock grazing from the 

latter part of the 19th century. In the southeast, northwards 

from Esperance to Salmon Gums, extensive wheat and sheep 

farming was increasingly practised after the turn of the 

century. However , by the Depression years of the 1930s many 

settlers in the northern parts of this area had abandoned their 

farms. This was due to poor wheat yields caused by unexpected 

problems which had deleterious ramifications for the continued 

eastwards expansion of agriculture. Extensive soil surveys by 

Dr. L.J.H. Teakle of the WA Department of Agriculture (DAWA) 

attributed the poor wheat yields to high levels of soil 

salinity, and the powdery calcareous soils, similar to those in 

other new land areas in the eastern wheatbelt (Burvill, 1979, 

1988). The settlement of new farming lands throughout WA, and 

the study area in particular , was, however , only interrupted in 

the period between the Depression of the 1930s and the Second 

World War. Despite Teakle ' s findings, much of the remaining 

undeveloped land in these southeastern parts of the study area 

was released for agriculture by the state government from the 

mid 1950s onward. 

In the late 1960s and mid-1970s , geographers once again raised 

their concerns about environmental limits, market opportunities 

and the ability of the WA government to continue financing 

extensive land developments after World War II (Spate , 1968; 

Dahlke, 1975). Subsequent field work by other geographers found 

that, indeed , the settlement strategies employed had not 

efficiently created stable family farming enterprises, and the 

process of community development in general was considerably 

retarded (Murray , 1985) . In 1984 a Parliamentary enquiry also 

verified the severity of the settlement problem, and added that 

it had been compounded by several droughts, and increasingly 

severe financial stresses caused by supply and demand 

fluctuations for primary products (Select Committee into 

Hardship in the Rural Sector , 1984). 

While all WA wheat and sheep farmers were adversely affected, 

several regions were hit worse than the others; among these 

were the northern and eastern parts of the study area Kent, 

Lake Grace , Ravensthorpe, and Esperance Shires . Similar 

findings, which suggest the relative severity of rural 

19 



conditions in the study area compared to other areas, were 

reported in a subsequent economic review of southern WA 

agriculture in general : 'the pressure on real incomes caused 

by the cost-price squeeze has been probably more severe ... than 

in other regions' (Great Southern Regional Development Advisory 

Committee, 1986) . According to a prior DAWA study, average farm 

indebtedness in this region rose by thirteen per cent from 

A$117,000 in 1983 to A$132,000 in 1984 (Ripley and Kingwell, 

1984). Indebtedness is particularly acute in new land areas, 

such as the eastern and northeastern parts of the study area, 

where consolidation expenditures are likely to be incurred for 

essential farm improvement projects such as fencing, water 

supplies, pasture renovations and upgrading facilities (Alan 

Herbert, DAWA, pers. comm. 1994) . 

Among the main factors identified by Ripley and Kingwell (1984) 

which limited debt repayment were farmers having farmed 

properties for short periods , and a general shortage of credit 

funds, which reflects low farm cash operating surpluses (the 

difference between total cash receipts and total cash costs, 

excluding capital and household expenditures) . Data describing 

farm business profit and debt levels in the study area are not 

specifically available (Alan Herbert, DAWA, pers. comm. 1994) . 

However, there has been a general increase in commodity prices 

and profit levels on mixed livestock and crop farms in WA, 

especially from 1985-86 through the 1988-89 season, but then a 

marked decline occurred for the three following years (Table 

1 . 1). Farm business debts have steadily increased, with only a 

decline in 1990-91 , which reflects the higher than average 

profits in the 1988-89 season - which is when the Great 

Southern Tree Growing Survey was undertaken. With both wool and 

wheat prices increasing, farmers in the study area may well 

have been more favourably inclined than in prior years to 

complete a questionnaire about long term land use practices . 
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Wheat Wool Farm Farm 
Price Price Business Business 

Year (tonne)1 (kg)2 Profit3 Debt3 

1983-84 193 4.67 -31 70,948 

1984-85 138 4.98 22,020 94,888 

1985-86 148 5.38 -5,386 121,145 

1986-87 179 6.14 5,599 131,419 

1987-88 219 9.75 29,779 132,272 

1988-89 200 9.91 62,069 166,089 

1989-90 142 8.43 34,787 182,225 

1990-91 195 6.31 -33,429 150,475 

1991-92 200 5.51 -12,127 163,673 

Sources: 1Australian Wheat Board, 1992, 2Australian Wool Corp, 1993, 3ABARE 1986-94 

Hence, all of these studies from the 1984 Parliamentary enquiry 

onwards have identified a deteriorating rural situation in WA 

in general, and the new land areas of the study area in 

particular. All but the DAWA study (Ripley and Kingwell, 1984), 

which did not address policy issues, reported that financial 

constraints were a cause of the overall inability of farmers to 

resolve land degradation problems during the 1980s. Recently, a 

national survey by ABARE (Mues and Collins, 1993) also found 

low levels of farm cash income reducing landcare expenditures. 

Land Degradation Problems and the Agroforestry Response 

Several years prior to these official findings, farmers' 

concerns about land degradation in this region had been 

increasing so much that two conferences were convened during 

1982 in Lake Grace and Esperance Shires with the assistance of 

the Primary Industries Association and DAWA, aptly called in 

1 Nominal Australian Dollars describes the currency value for each year, not adjusted to a base value or to 
reflect changes in values over time; the Wheat Prices, as reported by the Australian Wheat Board, are simple 
averages of daily asking prices for ASW (Australian Standard Wheat), Free on Board; the Wool Prices, as 
reported by the Australian Wool Corporation, are the average annual clean wool prices at point of sale; the 
Farm Business Profit (prior to 1989-90: Return to Capital and Management), as reported by ABARE, is 
'cash receipts plus net trading stock gains or losses less the sum of cash costs, depreciation and the imputed 
value of the labour of the farm operator or manager, partners and members of their fan1ilies'; the Farm 
Business Debt, as reported by ABARE, 'includes all debts, but excludes personal debts not related to the 
farming enterprise, and debts related to finance leases ... the latter being included as a cost to the business' 
(Vince O'Donnell, ABARE, pers. comm. 1994). 
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the first instance at Lake Grace, Trees and Soil Conservation, 

and in the second instance, Sand, Salt and Farming : A Land Use 

Review. Amongst other problems, increasing levels of salinity 

and wind erosion were identified at both conferences by the 

Commissioner of Soil Conservation as especially visible 

symptoms of unsustainable agricultural practices in this 

region, as well as in many other areas of the state (Robertson, 

1982a, 1982b). The background of historical events leading to 

this official pronouncement was not obscure, nor unexpected. 

Soil salinity continues to be a threat, despite its having been 

identified as early as 1903 by a railway engineer, and by the 

1917 Royal Commission in the mallee country south of Salmon 

Gums (Wood, 1923; Burvill, 1979, 1988; George, 1982) . Wind 

erosion in the study area likewise has a long history which 

still continues, especially during droughts and times of 

economic crisis (Teakle et al. 1940; DAWA, 1946; Gorddard et 

al. 1981; Gorddard, 1982; Grewar, 1986; Gwynn, 1989; Bicknell, 

1991). 

The heightened awareness of land degradation problems in this 

region, as well in other parts of the state, also resulted in 

the amendments of 1982 to the Soil Conservation Act 1945. The 

legal basis was framed at that time for several new activities, 

particularly the establishment of Soil Conservation District 

Advisory Committees to advise the Commissioner of Soil 

Conservation. This was the beginning of formal farmer 

involvement with the State government in developing policies 

for land degradation control. At the same time, however, 

continued pressure by the general farming community for further 

land to be released resulted in the alienation of land in mid-

1982 at Cascades and Mt. Beaumont, in Esperance Shire 

(Esperance Shire Council, 1983; Reichstein, 1983) . 

Controversy ensued over the extent to which adequate studies 

had been undertaken in advance, and in response to these 

problems an Agricultural Land Release Review was initiated in 

May, 1983 by the State government (Department of the Premier 

and Cabinet, 1983). By this time, there was considerable 

concern in both public and private sectors about the land 

degradation and associated socioeconomic problems resulting 

from several decades of agricultural expansion in WA. New land 
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farming in WA had expanded rapidly since 1945 under a broad 

philosophy of settlement and development which saw the large

scale, rapid clearing of native vegetation, and in some 

instances 'get rich quick' crop/fallow/crop rotation practices. 

While there were advances in agricultural technology such as 

with trace elements and subterranean clovers, the reported lack 

of adequate information about the climate and soils of marginal 

areas led to an official moratorium on large scale land 

releases in 1984 (Australian Conservation Foundation, 1984; 

Cooper and Murray, 1986). The geographic limits to present day 

agriculture were thus set in the low rainfall margins of the 

wheatbelt, and the saline mallee lands of sandy and ironstone 

gravelly soils in the eastern parts of the study area. 

Amidst this historical background of contention over land 

allocation and management in the study area, the impetus for 

developing an integrated farming systems approach to solve land 

degradation problems in WA was advanced in a seminal conference 

of farmers, scientists and policy makers in 1983 , Land-The 

Fragile Resource (Robertson, 1983) . The need for integration of 

trees in farming systems was promoted by a practical Esperance 

farmer who was successfully using agroforestry practices for 

crop and stock protection (Overhue, 1983). Similar benefits 

from applying agroforestry practices in the study area had been 

previously reported by local farmers (White, 1981 ; Grewar, 

1982, 1985 , 1986; Overhue, 1982; Stead, 1982; Webster, 1983), 

as well as by scientists (Helms, 1930; Brockway, 1959; 

Richmond, 1977 , 1987; Caporn, 1983; Moore, 1986a; Moore 1986b; 

Shea and Bartle, 1988; Scott, 1990). 

From the mid 1980s to the time of the present study's surveys 

in 1988-89 there was a series of public conferences about 

agrof orestry and soil conservation which were relevant to 

conditions in the study area ( Southwest Development Authority, 

1987; Arkell, 1989; Burke et al. 1989; Fitzgerald Biosphere 

Project, 1989). During this time several larger than average 

plantings of trees and shrubs were also reported in the study 

area by the rural press. These were distributed in the western 

parts of this region, notably on the properties of the 

Lawrence, Lynch, McNabb, Pedrick and Watkins families; in the 

central and northern parts by the Adams, Bees, Bradshaws, 
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Brandenburgs, Carnpbells, Crosslys, Feathers , Hardies, McFalls; 

and in the eastern parts by the Grewars, Englishes , Hundleys, 

Kleinigs, Overhues, Savages, Silburns, Steads, and Websters 1 • 

In addition, many of these farmers, along with increasing 

numbers of other farmers during this time, were reported by the 

rural press to have been implementing the other main type of 

agroforestry practice : fencing off from their livestock the 

remaining native vegetation on their properties. 

Financial Support for Agroforestry 

During this period there were also substantial increases in 

Federal and State funding for soil conservation in general. 

Federal funding allocations through the National Soil 

Conservation Program (NSCP) to WA increased from $67,000 in 

1983-84 to $1.871M in 1988-89, while State spending for 

approved projects carried out by Land Conservation Districts in 

WA rose from $125, 000 to $244, 000 (DAWA, 1983 , 1989). The 

percentage of these funds during this time which was directed 

towards agroforestry is not officially available (G. Hodges , 

NSCP, pers. comm. 1989). However, internal records indicate 

that during the 1988-89 financial year approximately $300,000 

of State funding from the State Assistance to Agriculture for 

Conservation Measures scheme was granted to 35 projects of Soil 

Conservation District Advisory Committees for agroforestry

related objectives (DAWA, 1989 ; State Soil Conservation 

Advisory Committee, 1989) . In addition, by 1989 twenty-seven 

Soil Conservation District Advisory Committees had matched this 

source of State government funding on a 50:50 basis for 

purchasing mechanical tree planting equipment. 

With regard to Federal support for agroforestry which also 

could have been relevant to farmers' needs, a recent study on 

the national level which evaluated all of the available public 

and private sector funding sources for agroforestry research in 

1990-91 did not rank highly the NSCP (Prinsley, 1991) . In WA 

only 6 per cent of all the agroforestry projects were funded by 

the NSCP, which was still twice as many as any other state that 

1 The farmers listed were identified from articles in the Countryman, Elders Weekly and the Western 
Farmer newspapers from 1985 through the end of the random survey in 1988-89. All of the fanners were 
interviewed, and their standardised farm reports were included in the Land Management Society's data base 
for the Directory of Innovations and Land Management Practices (Esbenshade, 1988). This project was 
funded by the National Soil Conservation Program. 
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year. Most of the funding f o r agroforestry r esearch in 

Australia has come from state Departments of Agriculture. The 

majority of projects have been for salinity control, with WA 

and Victoria the main states involved in this work. Departments 

of Forestry and Conservation were identified as the second 

l argest financial donors to agroforestry research, primarily 

for timber production, once again in WA, followed by New South 

Wales and Queensland. Funding from within WA was responsible 

for fifty-five agroforestry projects in 1990, which was the 

l argest number in the country as a whole, and nearly 25 per 

cent of the total number. In WA, these research projects were 

mainly working on salinity control, followed by timber 

production, tree-pasture-livestock interactions (wide-spaced 

t rees in pastures), other products/ uses, tree establishment, 

fodder trees, shelterbelts and windbreaks, and land 

rehabilitation. 

Tedmical Support for Agroforestry 

Estimation of the extent to which this research was relevant to 

farmers in southern WA during the time of the present study's 

survey in 1988-89 is conjectural. However, the first national 

assessment of the agroforestry research priorities of farmers 

and scientists was undertaken in late 1990 and early 1991 

(Prinsley, 1991). The extent to which there were similar 

viewpoints on this issue in WA was assessed by (1) a survey 

questionnaire, which was completed by staff in the two main 

farmers' organisations (the Western Australian Farmers 

Federation, and the Pastoralists and Graziers Association), and 

(2) a workshop discussion with four research scientists in the 

Western Australian Agroforestry Working Group. 

The two organisations rated as the most important priorities : 

shrub and tree establishment (specifically, direct seeding and 

then low cost fencing), followed by plant material selection 

(specifically, to breed and select for shrub and tree crops 

which are suited to dry conditions <600rnm), insect control, 

marketing, windbreaks, soil structure improvement and native 

vegetation management. All four WA scientists chose shrub and 

tree establishment (specifically, low cost fencing for 

seed lings) as one of their main research priorities, as well as 

plant material selection (specifically, testing 'new' species, 



especially in the <600mm rainfall zone) . In addition they 

pointed to the need f o r r esearch into the 'tota l productivity 

of integrat i ng trees and farm i ng' . There appears t o have been 

considerable congruence in t he v iews o f farmers and s c ientists 

on the resear c h priorities for agrofor estry in WA and e l sewhere 

i n Australia, e ven though Pr ins l ey's survey methods i n 1 991 did 

not p r ovide a comprehensive , statistical measure o f this. 

Institutional Support fo r Agroforestry 

This momentum from innovative farmers, conferences, rural press 

publicity and increased financial support for soil conservation 

was augmented during this time by the formation of agroforestry 

working groups, comprising farmers and scientists throughout 

the country . In 1984 the National Corresponding Working Group 

on Agroforestry (NAWG) was officially formed to provide 

national representation for these State groups with the 

Standing Committee on Forestry , and the Standing Committee on 

Agriculture (Wood , 1985) . The NAWG provides a forum for 

national coordinating of agroforestry research and development 

policies to reduce land degradation and increase the total 

productivity of farm lands (National Agroforestry Working 

Group , 1989). In keeping with this, during their biennial 

meetings the members receive reports from State and Federal 

agricultural and forestry agencies about agroforestry projects. 

They also have developed new initiatives, such as the Draft 

Strategy Plan for Agroforestry to support Federal programmes 

such as the Year and Decade of Landcare which began in 1990 

(National Agroforestry Working Group , 1989) . 

The members of the Western Australian Agrof orestry Working 

Group have primari l y been involved with developing practices 

suitable for agricultural areas with greater than 650mm annual 

rainfal l, which is the high rainfall zone to the west of the 

study area . However , recent changes were made to include 

r epresentatives from the medium and low rainfall zones to 

r ef l ect increased Working Group interest in those areas 

(Western Australian Agroforestry Working Group , 1992). Two 

examples of this broader interest are : (1) the Land and Water 

Resources Research and Development Corporation funded High 

Wate r Use Farming Systems project i n the western part of the 

s tudy area (Scott, 1 992) , and (2) the NSCP funded Windbreaks 
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Development project in the southeastern part of the study area 

(Bicknell, 1991). 

In the first instance, the High Water Use Farming Systems 

project involves members of the Working Group with expertise in 

agriculture, forestry and water management from the 

Commonwealth Scientifi c and Industrial Research Organisation 

(CSIRO), the Department of Conservation and Land Management 

(CALM), the Western Australian Department of Agriculture 

(DAWA), and the Water Authority of Western Australia (WAWA) . 

This ten year project began in 1990 , after this study's random 

farmer survey was completed in 1988-89. In the second instance, 

again since 1989 , a forester and agriculturalist from the 

Western Australian Agroforestry Working Group have cooperated 

to produce the first verification of the effectiveness of 

windbreaks for erosion control and increasing crop yields in 

the wheat and sheep producing areas of WA . Farmers have 

reported similar economic and environmental benefits from other 

agroforestry practices, such as growing shrubs and trees for 

salinity and waterlogging control, drought fodder, and 

regenerating bushlands. However, by the time of the present 

study's random survey of farmers there had been no quan t i ta t ive 

assessment of their effects, nor those from windbreaks, on 

agricultural production in the study area . The present study 

was therefore conducted when the economic and environmental 

impacts of agroforestry practices on agricultural production in 

the study area were uncertain . 

1.2.2 Theo r eti cal Context 

Complementing the historical background to this research is the 

theoretical context in which explanations for the processes 

influencing the involvement of farmers in agroforestry are 

considered . These explanations are drawn from contemporary 

theories on the three main structural elements of the present 

study : the farm as a family business , the adoption of 

innovations, and sustainable development. The discipline of 

agricultural geography establishes the analytical framework for 

examining the relevance of these theories for the present 

study. 
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Changes during the late 1980s and early part of this decade 

within agricultural geography have resulted in a new research 

focus on several inter-related themes associated with the 

political economy of the agro-food chain (Whatmore, 1991) . 

Several of these themes are particularly relevant to the three 

main theoretical dimensions of the present study and provide 

specific boundaries for the research undertaken. The themes 

from agricultural geography which set the theoretical context 

for this study address : (1) the farm as a family business, the 

adoption of innovations, and sustainable agriculture, (2) the 

role of new technologies for sustainable development, and (3) 

the restructuring of family farm businesses by their 

diversification of income earning opportunities and land-use 

practices. 

1.2 .2 .1 The Farm as a Family Business 

The contemporary history of the farm as a family business in 

southern WA is initially reviewed to develop the first part of 

this study's conceptual framework. This review provides the 

setting for subsequent identification of relevant theories 

describing the economic, physical, and socio-cultural, 

political environment in which farmers make decisions. Their 

relative importance is considered in relation to explaining the 

relationship between the dynamics of family farm businesses and 

the present study's emphasis on their involvement in 

agroforestry. 

Historical Background 

Historically, competition between individual farm enterprises 

in the free market economies of the industrialised nations has 

created the necessary pre-conditions for farm family 

businesses. There has, however, been increasing concern about 

the variable performance of this enterprise type , particularly 

in recent decades when farm size has increased. While 

Australian producers of unprocessed grain and livestock 

products have gained an international reputation for high 

productivity per unit of labour, socioeconomic forces have 

continuously reduced the number of farmers, their workers and 

the viability of their rural communities. Particularly acute 

changes adversely affected Australia's broad-acre producers in 

the period 1966-1971 when their traditional overseas markets 
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shifted from Western Europe to East and Southeast Asia. In 

addition, there were increasingly severe problems from the 

continuing deterioration in the terms of trade for primary 

products, known as the 'cost-price squeeze'. These economic 

difficulties facing Australian producers caused a reduction in 

the number of family farms, as well as enterprise restructuring 

to more profitable farm-types, often monocultural, with larger 

average farm sizes and greater dependency on capital intensive 

inputs (Scott, 1982; Lawrence, 1987). 

The spatial impacts of these changes were reasonably similar 

throughout the country, but the eastern part of the study area 

in southern WA was unique, as a substantial increase in rural 

population was occurring there. This region, specifically 

Esperance Shire, was the location of the largest Australian 

settlement scheme from the mid 1950s through the 1960s, with 

the State government encouraging development of both family 

owned farms as well as resident and non-resident company farms. 

By 1975, however, there had been an average property ownership 

turnover rate of 42 per cent, with considerable socioeconomic 

instability, particularly among the family farmers (Murray, 

1985). 

These difficulties markedly contrast with the government's 

comparatively successful record in the other parts of the study 

area where the settlement and development of family farm 

businesses has been the primary objective since the 1900s. 

Historical analysis has found that official support for the 

farm family business has not always been a governmental 

priority. As Murray reported (1984:9) 

Thus, although the ideas of 'closer settlement' and the 'yeoman farmer' have 
always been part of this cmmtry's settlement philosophy, there has been little 
hesitation to adopt altemati ve strategies employing large company concerns 
should these be seen as more likely vehicles of the overall economic 
development aims. 

In the late 1980s, the Commonwealth government's restructuring 

and micro-economic reform policies to increase the 

international competitiveness of the economy were also 

identified as contributors to 'promoting agribusiness at the 

expense of local farming families, destabilizing rural 

community structures and the viability of country towns' 

(Lawrence, 1990). 
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In addition to the effects of economic policies on the 

competitiveness of the farm family business, the results of 

rural research in recent decades have also been important 

catalysts for change. As Goodman and Redclift reported 

(1989:6): 

... The capital and energy intensive agroindustrial model developed in the 
United States after 1930 .. . was created by the convergence of mechanical and 
agrichemical technologies on the flow of genetic innovations, which began 
with hybridisation in the 1930s ... In the 1960s these technologies provided the 
main vehicle for the transformation of selected sectors of Third World 
agricultures, the so-called 'Green Revolution', and the further 
internationalisation of the United States agroindustrial model. 

While the benefits from advances in biological research into 

animal and plant breeding, fertilisation and pest control have 

been realised by Australian farmers irrespective of the size o f 

their holdings, other types of agricultural research have not 

been scale neutral (Lawrence, 1987). The post war mechanisation 

of agricultural production, harvesting and processing has 

substituted fossil fuel energy and substantially increased 

capitalisation requirements for traditional family labour and 

financial autonomy. Those farmers who have not been able to 

take advantage of scale economies have become increasingly 

marginalised and dependent upon governmental rural adjustment 

programmes (Robinson, 1990) . Likewise , there have been 

substantial advances in genetic engineering and biotechnology 

during the last decade which have the potential to alter the 

present types of agricultural production in both 

industrialising and industrialised nations (Molnar and 

Kinnucan, 1989) . Access to the practical results of these 

technologies by family farmers, rather than only by 

agribusiness interests, in both industrialising (Redclift , 

1990) and industrialised (Lawrence, 1987; Moran and Cocklin, 

1989) countries has been questioned. 

The farm as a family business in Australia is increasingly 

reliant upon capital intensive technologically driven forms of 

agricultural production which continue to produce greater 

amounts of unprocessed foodstuffs for volatile overseas 

markets. The economic, environmental and social costs of this 

'treadmill' are, however, becoming more widely recognised as 

symptoms of profound problems which beset land management, and 

limit the freedom of decision-making by producers. Indebtedness 
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levels make it impossible for most to keep expanding their 

farming operations, or retreat into less risky, smaller scale, 

and ecologically benign forms of food production. Typically, 

most Australian farmers have responded to difficult economic 

circumstances by altering their mixtures of crops and 

livestock, reducing expenditures on personal and farm business 

inputs, and seeking off-farm employment (Lawrence, 1989) . The 

diversification of income sources and land-use by the 

integration of woody perennials into farming systems , 

agroforestry , is also increasingly becoming recognised as a 

viable strategy. Hence , describing the perspectives of farmers 

and farm families on the social, economic and environmental 

relations of production is intended to illuminate factors 

influencing their involvement with such new land-use practices. 

Several theories explaining the dynamics of the farm as a 

family business provide a relevant framework for this work. 

Theoretical Background 

Disciplinary perspective has considerable impact on the 

theoretical paradigms used to explain the form and function of 

the family farm as a business (Gasson et al. 1988). These range 

from social anthropology , economics, history, and psychology, 

to geography, soil science , rural sociology and political 

science. Scholarly attention since the mid 1980s into the 

political economy of the agro-food system is increasingly 

providing new inter-disciplinary perspectives on the post war 

restructuring of agricultural production (Bowler and Ilbery, 

1987; Whatmore, 1991). Those theories which consider the impact 

of agricultural production factors on the family farm business 

are more relevant to the present study than others considering 

related aspects of production inputs, processing or 

distribution. In particular, this study's theoretical framework 

for analysis of the family farm addresses the reported failure 

of the political economy approach to define adequately the 

perspectives of rural producers in the restructuring process 

(Hansen and Muszynski, 1990 ; Munton et al. 1990) . Spatial 

variation in these perspectives can be explained by 

consideration of the economic, physical, and socio-political 

cultural environments which either directly or indirectly 

affect the farm as a family business . These three theoretical 
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viewpoints provide a broad foundation for examining the context 

in which the family farm business operates. 

The Economic Environment 

Theory explaining the spatial impact of the economic 

environment on the decisions of farmers and farm families was 

originally developed by J.H. von Thunen in 1826. His model was 

based upon the premise that market distance was a determinant 

of the types and intensity of agricultural production. While 

market distance has not frequently been found to be the 

dominant element which influences the farm family business as 

an economic unit, numerous studies have identified its 

importance at the global, national, local and farm scale 

(Grigg, 1984; Ilbery, 1985). A broader theoretical 

conceptualisation of the spatial aspects of economic 

determinism has emerged from definitions of the factors of 

agricultural production which encompass the management of 

capital, labour and land (Morgan and Munton, 1971) . For 

example, where landforms are reasonably similar, but farm types 

vary, emphasis on identifying the economic factors affecting 

farmers' decisions has often predominated (Ilbery, 1985). 

Contemporary research into the family farm business which draws 

upon models of economic determinism has advanced substantially 

beyond the traditional, bounded concepts of economic 

rationality and profit maximisation. In the 1980s 

interdisciplinary perspectives from anthropology, sociology, 

political science and the physical sciences have substantially 

contributed to interpreting the impact of economic factors on 

agriculture (Robinson, 1990). For example, one strand of 

sociological theory has developed an economic model which 

associates ecological and social stress with the dominance of 

urban capitalist structures over farm family businesses 

(Schnaiberg, 1975, 1980). Others in anthropology have, however, 

found that personal choice pervades human behaviour to such an 

extent that the dominance of economic constraints cannot be 

considered universal (Bartlett, 1980). 

Casson (1982) has theorized that family businesses are uniquely 

suited to encourage the entrepreneur, providing an immediate 

source of capital, labour and information. Such inputs are not 
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so readily available in other segments of society. While neo

classical theory assumes that profit maximisation is the 

primary objective of the entrepreneur, postwar research through 

the 1980s has attributed other goals to the family farm 

business, such as autonomy , continuity, control , and security 

(Gasson et al . 1988) . Similar theoretical work in the 1980s 

explains the decisions o f family farm businesses within the 

context of their internal labour relations which are considered 

to be influenced by concepts of gender, kinship and patriarchy, 

rather than the commodity values of capitalism alone 

(Friedmann, 1980 ; 1981) . The application of these contemporary 

theoretical models of economic determinism has particular 

relevance to geographical research in general and the present 

study in particular. For example, recent research by New 

Zealand geographers has explored the dual impact of labour 

relations and the work of family members on the economic 

survival of the family farm business (Benediktsson et al . 

1990). In a similar manner, WA economists have drawn upon 

sociological concepts of the family development stage to 

classify farmers according to their potential economic 

viability (Mauldon and Schapper, 1974) . 

1lle Physical Environment 

Physical factors also have a substantial impact on the 

decisions of farmers. Climate, soils , and the land management 

history of the farmers' property and catchment all impose 

constraints and opportunities which are generally beyond their 

capacity to control completely. Theoretical models which 

emphasise the deterministic role of the physical environment on 

the decision-making of family farm businesses have also been 

conceptualised by scientists from both the social and physical 

sciences . Through the 1930s, British and American geographers 

were largely associated with research which assumed that 

climate was the main physical factor which differentiated 

agricultural regions and their production . However, by the end 

of the Second World War attention was mainly directed to 

identifying these relationships by agriculturalists, botanists 

and soil scientists (Grigg, 1984). Many geographers shifted 

heir emphasis from physical determinism to theoretical models 

which assessed the impact on agricultural decision-making of 

not only physical, but economic and human behavioural factors. 
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Despite this general trend, the world economic recession of the 

1980s has caused a resurgence in analyses about the effects of 

climatic fluctuations and physical factors on the optimum 

locations for increased crop yields, particularly cereals such 

as wheat (Ilbery, 1985). Likewise, the physical determinism 

model has been applied to evaluation of the environmental 

impacts of traditional, agroindustrial and agroforestry land

use systems (Bowler, 1985). 

The post war agricultural revolution's dependence upon fossil 

fuel energy led to the formulation in the mid-1970s of the 

ecosystem approach to modelling farm business decision-making. 

Not only were energy availability and pricing found to be 

directly related to the efficiency and economic productivity of 

farming systems, but the responses of farmers to these problems 

had important implications for the development of new 

technologies and land-use practices (Wood, 1981). Recently, 

this theoretical approach has been merged into a broader 

ecological frame of reference which has been applied to 

measuring the effects of modern, industrial agriculture on 

sustainable land management. The Ecological Synthesis Model 

(Troughton, 1991) assesses the chemical and physical impacts on 

farmer decision-making of non-renewable energy dependence, 

increased reliance on purchased inputs (particularly synthetic 

chemicals), and over-specialisation of crop production and 

processing. Other geographers (Moran and Cocklin, 1989:321) 

have developed a broader conceptualisation at the international 

level of the importance tp farmers of biophysical changes 

Global environmental change is affecting primary production systems like 
agriculture and forestry, as well as affecting society in various other direct 
and indirect ways. Acid deposition, climate change, the breaking down of the 
ozone layer and sea-level rise all pose real threats to rural systems and 
society in general... Thus what appear to be natural environmental concerns 
are entwined with global social and economic conditions, including the 
historical consequences of agricultural trading patterns and agricultural 
protection and subsidised production. 

Despite continuing recognition of the importance of physical 

determinism as a cogent factor influencing land management 

decision-making, there has been insufficient attention to the 

environmental implications of income and land-use 

diversification (Bartlett, 1980; Whatmore, 1991). The present 

study contributes to bridging this gap by describing farmers' 

perspectives on their use of agroforestry practices for not 
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only income and land-use diversification, but land degradation 

control as well. 

The Sociocultural. Political Environment 

While the present study considers the impact on the family farm 

business of physical factors, as well as the less constant 

economic environment, it also draws from theoretical research 

about the social, cultural and political environment . Farmers' 

values, aims, motives and attitudes to risk aversion are 

elements in the socio-personal determinism model which has been 

used by geographers to explain spatial variations in 

agricultural decision-making (Ilbery, 1985). Theoretical 

developments during the 1950s in psychology with Kelly's 

' Personal Construct Theory' led to the application, through the 

present time, of repertory grids for measuring farmers' 

attitudes and behaviour (Shotter , 1975). Analysis of the 

internal psychological states of decision-makers and their use 

of information inputs has resulted in various 

conceptualisations of the search stages in their problem 

solving process (Janis and Mann, 1977 ; Lloyd and Dicken , 1977) . 

Spatial models have also been developed to describe the 

decision-making of farmers about physical and economic risks . 

In general, these models assume economic rationality on the 

part of farmers , but varying short and l ong term goals (Kates, 

1962; Jones, 1983). 

In contrast, economic anthropologists and rural sociologists 

have avoided any typologies of decision-making which directly 

related the decisions of farmers to economic rationalism or 

institutional structures. Instead, those disciplines' research 

perspectives describe the immediacy of human choice interacting 

with human relationships which are negotiated within the 

context of institutions, customs and local conditions (Barlett, 

1980; Newby, 1982) . Similar paradigms have combined the 

anthropologists' and psychologists' emphasis on behaviour with 

the geographers' concerns about the impact of environmental 

perception (Goodey and Gold, 1985; Potter, 1986) . 

Other models during the 1980s have described the farm as a 

family business within the Marxian context of the emergence of 

capitalism from its feudal background. From that perspective , 
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farm family businesses are either in a transitional phase of 

increasing susceptibility to loss of self-sufficiency and 

dependence on market forces, or in a survival mode which 

depends upon self-exploitation and domestic non-wage labour 

(Gasson et al. 1988) . Consistent with those views are the 

results of studies about the deleterious impact of agricultural 

restructuring during the 1980s in western countries (Marsden , 

Whatmore, Munton and Little, 1986, Marsden, Lowe and Whatmore , 

1990) and Australia in particular (Lawrence, 1990). For 

example, restructuring in the U.K. has resulted in the 

increased dependence of farm family businesses on external 

sources of capital and technology which, in turn, have 

intensified the impact of class distinctions on economic 

viability (Cloke and Thrift, 1990). However, no similar 

Australian studies have been undertaken in relation to the 

impact of this issue on agroforestry involvement. 

The concept of 'simple commodity production' has also been 

developed into a theoretical framework which describes farm 

family businesses which are guided by moral principles and use 

of un-costed family labour, rather than capitalistic, profit

oriented objectives in their internal relations (Friedmann, 

1980, 1981). Conceptualisation of the family development cycle 

into various phases (Nalson, 1964, 1968a, 1968b; Benediktsson 

et al. 1990) provides another basis for evaluation of the 

actions of farm families. A recent theoretical model (Whatmore , 

1991) has, however, challenged the concepts of simple commodity 

production, as well as traditional beliefs about the influence 

of the family life cycle on the division of internal farm 

labour. Whatmore argues that, instead, gender relations are 

shaped by the organisation of patriarchal kinship practices and 

power. 

While behaviourally based assumptions about the family member 's 

impact upon farm business decision-making have been used to 

develop theoretical models, others have argued for parallel 

analyses into the interactions with structural, institutional , 

market and production-related factors (Bowler, 1986, 1989 ; 

Grigg, 1984; Gasson et al. 1988). These factors influencing the 

form and function of the farm family business are generally 

expressed in terms of, for example, taxation pressures, types 

36 



and levels of farm support, the availability and competitive 

advant ages of new markets, land, purchased inputs, drainage, 

irrigation and other infrastructure (Marsden et al. 1986). 

While there are theories about the impact of the state on 

agriculture which do not incorporate behavioural analysis of 

the farmers' perspectives (Bowler, 1989 ; Lawrence , 1987), 

others have developed a framework for analysing the interplay 

between both external and internal farm business factors (Moran 

and Cocklin, 1989). The geographers , Moran and Cocklin (1989), 

hold that relationships within the farm family business are 

shaped internally , as well as by interactions with public and 

private sector 'organisations in the agro-commodity chain'. In 

their view, conciliation is necessary between Friedmann's 

(1980, 1981) emphasis on the strategies used by family farmers 

to continue competing in the marketplace, and opposing theories 

about the dominance of external controls leading to the 

inevitable subsumption of the family farm into the capitalist 

system (Chevalier, 1983; Whatmore et al . 1986) . 

The environmentally based assumptions of political ecology have 

also been applied to analyse the impact of the broader macro

environment and modern, industrialising agriculture on rural 

life. This conceptual framework , called the Ecological 

Synthesis, considers the implications of a range of 

contemporary issues for the farm as a family business, as well 

as the associated economic , social , and political institutions. 

These issues include the increasing scale of farming 

operations , dependence on non-renewable resources, economic 

imbalances between industrialised and industrialising 

countries, international control of agricultural development, 

and t he limits to conventional economic growth (Troughton, 

1991) . 

Similar concerns about the need for interdisciplinary 

assessment of the external forces affecting farm family 

businesses were previously raised in the early 1980s in 

relation to cooperation between agricultural economists and 

rural sociologists (Newby, 1982). Since that time there has 

been increased research from varying viewpoints in the social 

a nd physical sciences about rural issues and the farm as a 

f ami l y business which is being reported in scholarly 
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publications, for example, Geo Journal, the Journal of Rural 

Studies and Sociologia Ruralis (Robinson, 1990) . These recent 

advances in the development of theoretical frameworks which 

integrate the farmers' perspectives with critical analyses of 

the influence of external, non-farm factors are encouraging 

responses to challenges in the mid-1980s for redefining 

agricult~ral geography (Bowler and Ilbery, 1987). These 

developments have provided a sound basis for the preceding 

analysis of the first main structural element in this study's 

tri-part theoretical framework the relevance for involvement 

in agroforestry of the farm as a family business. 

1.2 .2 .2 The Adoption of Innovations 

The second main structural element in this study's conceptual 

framework considers the relevance of contemporary innovation 

diffusion theories for explaining the involvement of farmers in 

agroforestry. Scholarly attention in this field has 

historically been directed towards analysing the interplay 

between the personal circumstances of farmers and the external 

forces from the non-farm social, economic and political 

environment which influence their decisions about new land-use 

practices (Jones, 1967; Rogers, 1983). This study follows in 

that tradition of enquiry. 

The relationship of innovation diffusion theory to the present 

study is based on consideration of the tripartite relationship 

between (1) the characteristics of farmers, farm families and 

their farm operations, (2) their decision-making processes, and 

(3) the constraints and opportunities emanating from external 

forces outside their control. Review of the historical and 

theoretical background to the innovation adoption process is 

followed by discussion of how agrof orestry represents a similar 

situation to several other new land-use practices in WA where 

user-based, decentralised diffusion systems are operative. With 

limited comparable work available in the field of agricultural 

geography, theoretical models from the field of medical 

geography are drawn upon. This broader theoretical focus 

provides a unique setting for this part of the present study's 

conceptual framework describing agroforestry involvement. 
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Historical and Theoretical Background 

The deleterious effects of external forces on family farm 

businesses are particularly evident during periods of economic 

recession (Goodman and Redclift, 1989; Robinson, 1990) . In 

recent years several studies about this issue have been made in 

countries such as Australia (Lawrence, 1989), Canada (Bryant, 

1981), Germany (Pfeffer, 1989), New Zealand (Moran, 1988), the 

U. K. (Goodchild and Munton, 1985), and the U.S. (Buttel, 1989). 

While attention to the problems facing farm family businesses 

is often appropriate, the present study's emphasis on 

agroforestry as a promising new conservation and production

related land management practice provides the opportunity to 

consider beneficial changes which are occurring. As Bryant 

(1989:338) found from an international review of the literature 

on this approach, and his Canadian research : 

.. .in order to gain a more comprehensive understanding of the changing 
fortunes of rural areas, more attention must be paid to the role of individual 
entrepreneurs and community entrepreneurial activity because where there 
are counterbalancing forces to those of decline, and where local or regional 
conditions modify the intensity and range of potential responses, exactly how 
individual decision-takers respond can be critical in guiding the fortunes of 
rural areas ... opportunities for change vary geographically. 

Using a similar approach, Newby et al. (1978) have described 

how differing types of family farm business management in East 

Anglia have influenced the entrepreneurial levels of farmers 

and consequently their control of rural institutions . These 

studies by Bryant ( 198 9) and Newby et al. ( 197 8) provide an 

appropriately broad context for the present study's focus on 

describing the factors which influence the farmers' 

perspectives on agroforestry involvement. 

Contemporary theories about spatial variations in the adoption 

and diffusion of agricultural practices date back to the work 

in the 1950s and 1960s of the eminent Swedish geographer, 

Hagerstrand . He modified von Thunen's market-distance economic 

determinism model of the 1820s to reflect the attitudinal and 

behavioural factors influencing decision-making (Grigg, 1984). 

Hagerstrand's theory also identified how mixtures of both 

spatial and temporal factors affected the adoption of 

innovations (Cliff and Ord, 1981). These factors influencing 

the diffusion process could be explained by considering the 

effects of hierarchical tendencies (adoption in large places 

first) , neighbourhood tendencies (adoption at close distance 
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first) and the logistic tendency (adoption rate as a function 

of the i nnovation itself and adopter resistance) (Ilbery, 

1985). Numerous studies, particularly those employing Monte 

Carlo simulation models, have both applied and modified 

Hagerstrand's model of spatial diffusion to fit particular 

environments and forecasting needs (Schon, 1971; Haggett, 1972 ; 

Peel et al. 1975). With reference to the present study in 

agricultural geography, various approaches have been used to 

explain spatial differentiation in land-use. These vary from 

political economy analyses of agriculture and rural settlement 

policies to the identification of stages in the food chain, and 

consideration of structural, institutional and non-economic 

factors influencing the adoption of new farm technology 

(Bowler, 1986; Robinson, 1990). Similar agricultural studies 

have applied various decision-making models, such as repertory 

grids, to explain land-use patterns (Ilbery, 1985). 

The most developed paradigms for the diffusion of agricultural 

practices (Rogers, 1983) and soil conservation practices (Ervin 

and Ervin, 1982) focus on identifying the information flow 

factors influencing various stages of innovation adoption. A 

more recent Australian 'fledgling model of conservation farming 

decision-making by farmers' has been proposed, but not 

sufficiently tested (Chamala, 1987). Other studies, 

particularly by the American geographer Lawrence Brown (1981), 

have, however, questioned this traditional reliance on an 

adopter perspective to explain innovation diffusion processes 

(Ilbery, 1985). These studies about the 'supply side' factors 

influencing the diffusion process are, however, predicated upon 

innovations which have been developed by professionals within 

public or private sector institutions (Fairgray, 1979). 

The present study was conducted at a time when no such research 

about agrof orestry had yet been completed and tested in the 

study area. While Rogers has not developed an alternative model 

for the diffusion of non-institutionally-based innovations, he 

recognised their relevance for his theories. In his early work 

(1962) Rogers indicated that he was aware of situations where 

inadequate scientific research had led innovative farmers to be 

the inventors of new technologies which others later adopted . 

Subsequently, Rogers (1983:336) reported that there was 

40 



sufficient evidence that innovations do not necessarily always 

spread from 'a centralized legitimizing source', but he added: 

Our understanding of decentralized diffusion systems is still limited, owing 
to the general lack of investigations of such user-dominated diffusion ... 
Compared to centralized systems, the innovations that decentralized systems 
diffuse are likely to fit with users' needs and problems more closely. 

In relation to the present study, farmers rather than 

scientists are credited with having been responsible for the 

development of agrof orestry innovations which are relevant to 

regions such as the study area with less than 600mm rainfall 

(Richard Moore, CALM, pers. comm. 1992). According to one of 

the first large-scale agroforesters in the study area (Grewar, 

1986 : 1) 

Those of us dedicated to this new system of farming are on our own, we do 
our own research, fund entirely our own projects, receiving limited help from 
a small band of scientists conscious of the advantages that could accrue from 
this new technology. 

This contrasts with the situation in the high rainfall zones of 

Australia where there has been substantial professional 

involvement in the development of timber production oriented 

agroforestry practices with relatively short-term benefits 

(Prinsley, 1991). By the time of the present study in 1988-89 

there was increasing scientific involvement in low rainfall 

agroforestry, but most practices were still in the experimental 

stage of development. Agroforestry in such conditions was not a 

mature, steady-state technology with proven economic and 

environmental benefits spreading from a central point. 

In addition to these technological limitations to the adoption 

of low-rainfall agroforestry practices in Australia, there are 

the associated financial constraints to decision-making. These 

largely result from the general lack of knowledge about 

suitable species with income earning potential, and limited 

quantification of the economic and environmental effects of 

applying agroforestry practices (Prinsley, 1991). Despite such 

problems , previous research in this country has found that 

during the prosperous period of the 1980s innovative farmers 

who were already involved in using agroforestry practices did 

not consider profit maximisation to be their sole objective 

(Reid, 1986). Similar flexibility in the attitudes of farm 

family businesses towards financing long-term agricultural 
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investments have been reported in Australia (Mauldon and 

Schapper, 1974), the U.K. (Gasson et al. 1988), and New Zealanc 

(Benediktsson et al. 1990). 

In WA a comparable situation has been found with soil 

conservation, where farmers in general have been expending 

funds for this purpose when economic circumstance allowed. 

During the prosperous early to mid-1980s, wheatbelt farmers 

were highly active in soil conservation, with 78 per cent of 

their information links on this subject with other farmers, anc 

only five per cent with DAWA (Fry and Goss, 1985). These 

favourable economic conditions continued to encourage both 

public and private sector involvement in the development and 

on-farm application of soil conservation and agroforestry 

practices in this region as well as other parts of Australia 

through the time of the present study in 1988-89 (Barr et al. 

1992). Such involvement reflects reports from other 

industrialised countries where similar, progressive land-use 

practices are an essential element in the redesign of 

agroecosystems for environmental sustainability (Hill, 1992), 

as well as a means for farm family businesses to diversify and 

improve their competitiveness (Moran and Conklin, 1989) . 

Despite economic conditions having substantially deteriorated 

for farmers by the early 1990s, their continued involvement 

with conservation-oriented land management practices was 

officially encouraged by the Federal Labour Government's 

declaration of the Decade of Landcare. Over $320 million was 

allocated for spending during the 1990s on land care and 

related tree planting and remnant vegetation conservation 

programs (Hawke, 1989) . This convergence of public and private 

sector interests follows in the historic tradition of 

innovation development in farming and agroforestry (Raintree, 

1989:215) 

Informal agricultural research by farmers has been a continuous feature of 
the farming scene since the dawn of the Neolithic. Without it we would have 
none of our contemporary crops, and indeed, very little agricultural 
technology at all. The vast majority of agroforestry technologies currently 
recognised and catalogued have originated on farmers' fields ... There are two 
centres of agroforestry research and innovation : a formal sector comprising 
research institutes, and an informal sector comprising farmers. Either in 
isolation from the other is a pale reflection of what could be achieved if the 
potential synergy of the two could be realized. 
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The history of innovation in WA agroforestry reflects this 

background of farmer and professional cooperation and 

involvement. While there has been more professional, scientific 

involvement with farmers in the development of agroforestry 

practices for the higher rainfall parts of the study area 

(Beatty, 1991) , it has generally been the farmers who took the 

leading role in developing agroforestry practices on their 

properties , with scientists providing technical information on 

demand (Grewar , 1986; Richard Moore, CALM, pers. comm. 1992). 

In some cases, farmers have been entirely independent of 

technical assistance from institutional sources during the 

innovation development phase (Ron Watkins, Frankland farmer, 

pers. comm. 1988). In other situations, knowledge about 

agrof orestry in the study area has grown from the practical 

experience of innovative farmers, who to varying degrees sought 

advice from professionals (Tiedemann , 1985; Richmond , 1987; 

Geoff Grewar , Esperance farmer, pers. comm. 1988; Beverley 

Lynch, Mt. Barker farmer, pers. comm. 1988 ; Les Webster, 

Esperance farmer , pers. comm . 1988). This interplay of public 

and private sector ideas and experience has created the 

foundations for the present study about farmers' perspectives 

on agroforestry involvement. 

Consideration of land-use practices similar to agroforestry, 

which also have non-institutional research backgrounds, 

provides additional justification for using a decentralised 

diffusion model . At the time of the present study three land

use innovations were in the process of being developed 

primarily by farmers : organic farming, interceptor banks for 

salinity control, and 'integrated whole farm/whole landscape 

planning'. In 1988-89, none of these land-use innovations 

fitted the orthodox models which assumed a process of promotion 

to farmers after the scientists had tested them in professional 

research institutions. Since these innovations may have 

somewhat similar decentralised, multiple wave diffusion 

patterns to agroforestry, an overview of their historical 

backgrounds illustrates the general milieu in which bush 

management, and shrub and tree growing has been occurring . 
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Organic Farming 

Organic farming practices have increasingly been recognised for 

their potential to reduce problems with conventional 

agriculture in Australia, New Zealand, the U.K., the U.S. and 

other countries (Conacher and Conacher, 1982; Gunning and 

Cullen, 1983; National Academy of Science, 1989; Andrews, 

Peters, Janke and Sahs, 1990; Wynen, 1992) . As with 

agroforestry (King, 1987 ; Swaminathan, 1987), organic farming 

was developed by peasant farmers to simulate natural, 

biological conditions and subsequently improved during modern 

times mainly by practical farmers , with increasing scientific 

involvement (King, 1911; Howard, 1949 National Academy of 

Science, 1989). A similar historical process has occurred in 

the U. S., as Rogers (1983:339) reported : 

A recent incident shows that even the agricultural extension services are not 
immune to user innovation. Bob Bergland, U.S. Secretary of Agriculture 
under the Carter administration, initiated research into methods of organic 
farming when he discovered that a respected neighbour of his in Minnesota 
had switched to farming his 1,500 acres with organic methods. The USDA 
(U.S. Department of Agriculture) studies revealed that, far from being the 
crackpots that agricultural scientists had labelled them in the past, organic 
farmers were often producing comparable crop yields to those raised with 
chemical fertilizers and sprays, and at a lower cost. This finding led to a 
reversal of the USDA's former position of opposition to organic farming. In 
this case, the centre followed the lead of the users. Once the idea of organic 
farming was accepted by the USDA, however, it was then diffused to farmers 
in the usual centralized fashion. 

Since the mid-1980s in the U. S. there has been an increase in 

research by scientists from both the public and private sectors 

into alternatives to conventional agriculture, including 

organic farming. This work has been done through the auspices 

of, for example, the Rodale Research Centre, the Low Input 

Sustainable Agriculture programme, and the California 

Sustainable Agriculture Research Act (Harwood, 1984; National 

Academy of Science, 1989; Kirschenmann, 1989; Lowe, 1990 ; 

University of California, 1990). 

Such initiatives in Australia have not been instigated by the 

time of the present study at the national or state level . 

However, a recently funded federal study by a private 

consultant has used a case study approach to identify the main 

issues facing organic farmers and quantify the financial 

returns associated with converting conventional cereal

livestock enterprises (Wynen, 1992). Despite this recent 

research, the development of post-war organic farming practices 
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in Australia has been relegated to individual farmers seeking 

solutions to their own site specific needs (Conacher and 

Conacher, 1991). 

Organic farming thus appears to have similar attributes to 

agrof orestry in relation to their both having backgrounds of 

limited scientific research, and farmer involvement with them 

having historically been predicated on more than short term 

economic objectives. Hence in Australia, organic farming, like 

agroforestry, has not been found to conform to Rogers' 

innovation diffusion theory for centralised systems (1983) . 

Neither production practices which emanate from professional 

research institutions to farmers, nor clearly defined economic 

incentives for farmer involvement have been identified. 

Whittington Banks and Integrated Whole Farm/Whole Landscape Planning 

In a similar manner, specific responsibility rests with 

individual innovative farmers for the development of two other 

land-use practices which have conceptually similar 

decentralised diffusion patterns to agrof orestry interceptor 

banks and integrated whole environment planning. In the first 

instance, interceptor banks were originally developed during 

the early 1950s by Harry Whittington on his farm to the north 

of the study area in Beverley Shire (Conacher and Murray, 1971; 

Whittington, 1975). In the second instance, 'integrated whole 

farm/whole landscape planning' was developed by Ron Watkins 

during the mid-1980s in the northwestern part of the study 

area, Cranbrook Shire (Watkins and Watkins, 1990; Watkins, 

1990). While these two individual innovators can be identified, 

the diffusion of their new technologies has been through direct 

farmer to farmer contact, rather than the traditional research 

station to farmer process. In both cases these innovators have 

undertaken their own research at their own expense, and 

subsequently used their personal means and community groups to 

publicize their results . 

By 1980, the interceptor bank concept was adopted by nearly 

one-third of the WA farmers who were reporting salinity 

problems at that time, mainly because of the visibility of its 

benefits for reclaiming farmland (Blyth and Kirby, 1985; 

Conacher, 1990). However, opposition to Whittington's 
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interceptor banks has been particularly vociferous by DAWA who 

believed a different theory about the causes of salinity - the 

rising water table hypothesis. Through the mid-1980s the 

Department's approach to salinity control was based on 

assumptions about the ameliorative value of using salt tolerant 

plants to revegetate salt affected land because it was 

considered impracticable to replant the surrounding farmland 

(Conacher, 1979, 1990) . While identifying the problems with the 

WISALTS (Whittington Interceptor Salt Affected Land Treatment 

Society) engineering designs to control subsurface throughflow 

was the focus of governmental attention, geographers at the 

University of WA took a different approach and instead 

evaluated the causal mechanisms. Whittington's suspicions were 

found to have been correct that rising groundwater tables after 

clearing the native vegetation were not the only cause of 

salinity (Conacher, 1982). 

The professionals in DAWA and other institutions who first 

opposed Whittington's viewpoint have since acknowledged that 

both throughf low and rising groundwater tables can contribute 

to secondary soil and water salinisation (Conacher, 1990). 

However, the general applicability of the WISALTS approach to 

salinity control has continued to be contentious (Conacher et 

al. 1983, Conacher, 1990). This controversy over farmer-based 

innovations in WA illustrates Rogers' findings (1962:143) about 

the potential for irrational overadoption caused by 

'agricultural crazes', and the role of technical expertise in 

innovation diffusion (1983:338) 

Decentralized diffusion systems are most appropriate for certain conditions, 
such as for diffusing innovations that do not involve a high level of technical 
expertise, among a set of users with relatively heterogeneous conditions. 
When these conditions are homogeneous, a relatively more centralized 
diffusion system may be most appropriate. 

Similar situations have subsequently occurred in WA with the 

farmer-based innovation diffusion process. Another progressive 

farmer, Ron Watkins, modified the WISALTS approach, as well as 

a water harvesting technique known as the Keyline System 

(Yeomans, 1954) from eastern Australia, to develop his concept 

of 'integrated whole farm/whole landscape planning' 

(Esbenshade, 1988; Watkins, 1990). Despite impressive results 

with this approach to land management which includes 
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agroforestry and low input farming, Watkins has reported that 

there is presently only passive interest on the part of 

scientists in his work. They have not responded to his requests 

for assistance with monitoring in a holistic manner the changes 

resulting from his innovative practices. This response 

contrasts with the favourable press coverage of his work, 

annual field days and consultancies for farmers in his local 

region and other areas (Australian Broadcasting Corporation, 

1991; Watkins, Frankland farmer, pers. comm. 1992). In 1992, 

the Watkins's requests for assistance were partially fulfilled 

with the publication of the Farm Monitoring Handbook (Hunt and 

Gilkes, 1992) which provides the means for farmers to 

participate with scientists in monitoring ecological changes 

occurring on farms. 

Professional Impediments to Fanners' Innovations. and New Research Paradigms 

This history of professionally based impediments, whether 

active or passive, to the diffusion of farmer-based innovations 

in land management has occurred despite a history of WA 

producer involvement in pioneering agricultural and soil 

conservation practices. Australian farmers in general (Chamala, 

1987; Campbell, 1992), and Western Australians in particular 

(Burvill, 1987; Rolex, 1990; DAWA, 1991) have received both 

national and international recognition for developing 

innovative solutions to land management problems. This follows 

a world-wide pattern of innovation by farm family businesses, 

especially in relation to long-term commitments where children 

are coming into the business (Gasson, 1988). 

In order to encourage wider acceptance of innovations amongst 

their peers, various organisations have been created to assis-t 

with spreading the new ideas of farmers to contravene the 

atmosphere of scepticism over governmental advice (Fry and 

Goss, 198 5) . These are community-initiated groups which differ 

from the government initiated organisations, such as Land 

Conservation Districts, in this state and other parts of 

Australia which promote land care and rural development 

(Chamala and Mortiss, 1990). For example, the National 

Association of Sustainable Agriculture (Australia) (NASAA) has 

a national membership committed to expanding the use of organic 

farmi ng principles (Conacher and Conacher, 1991); the 
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Whittington Interceptor Salt Affected Land Treatment Society 

(WISALTS) was expressly created to promote Harry Whittington's 

methods (Conacher, 19 90), and the Land Management Society (LMS) 

was formed to bridge the gap between the work of innovative 

farmers and professionals to resolve a wide range of land 

degradation problems, not just salinity (Conacher, 1990) . The 

experiences of farmers and their organisations in WA with 

innovation diffusion have not been altogether different from 

other parts of the world where recognition of the importance of 

farmers' innovations has also been occurring (see for example 

Rhoades and Booth , 1982; Matlon et al. 1984; Rhoades, 1984; 

Tourte, 1984; Raintree, 1989; Oregon and Washington Low-Input 

Sustainable Agriculture Research and Education Project, 1992). 

Diffusion Theory in Medical Geography and Agroforestry 

This background of farmer involvement in research and the 

development of innovations in agriculture and agroforestry, 

both in the study area and internationally, suggests the 

validity of applying Rogers' concept (1983) of decentralised 

diffusion systems to the present study. While he pointed out 

that little work has been done to develop this concept of 'user 

dominated diffusion', a more widely tested conceptual framework 

of relevance comes from enquiries by scientists working in 

epidemiology and medical geography. Their conceptualisation of 

the diffusion processes influencing the spread of infectious 

diseases has been considered useful for both innovation and 

cultural diffusion studies about phenomena which do not adhere 

to traditional hierarchical and temporal spread patterns (Cliff 

and Ord, 1981) . The model which was developed to describe 

epidemic waves provides a useful spatial context for the 

present study's conceptual framework about agroforestry and the 

farm as a family business. 

Diffusion studies since Hagerstrand's pioneering work in the 

1950s tested assumptions about diffusion patterns which spread 

outwards from known, central starting points (Schon, 1971; Peel 

et al . 1 975) or limited source areas (Grigg, 1984). However, 

research in the early 1970s introduced the concepts of 

irregular spread fields and 'multiple wave diffusion' to 

account for variable space-time changes in the spread of 
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infectious diseases (Peel et al. 1975; Haggett, 1976; Pyle, 

1976). From this conceptual foundation, the 'mixed 

hierarchical/contagious diffusion model' was developed (Cliff 

et al. 1981). This model does not assume that one centre point 

or starting time can always be clearly identified as 

responsible for the diffusion process . Nor can it be assumed 

that the directional vector or item being diffused is always of 

the same character or constancy (Cliff and Haggett , 1985, 1989; 

Alderman, 1990; Haggett, 1990) . 

The first large-scale case study to test this model was 

implemented in Iceland, where the spread of sixteen measles 

epidemics from the turn of the century through the mid 1970s 

had been reported (Cliff et al . 1981) . Subsequently this 

diffusion model has also been successfully applied in other 

regions of the world to analyse , for example, the spread of 

measles in Fiji and the Pacific (Cliff and Haggett, 1985), and 

influenza in the U.S. (Cliff et al. 1986). Cliff and Ord (1975) 

tested this same model and identified that the adoption of 

tractors in the central U. S. was not related to a single 

diffusion pole or starting time . These studies all verified the 

importance of questioning the universal relevance of the 

assumptions of Hagerstrand's static diffusion model with a 

single starting point in time and space (Cliff and Ord,1981; 

Cliff and Haggett, 1989; Haggett, 1990) . 

In the context of the present study, agroforestry practices in 

the study area have no defined starting point or time from 

which they spread. Likewise, their characteristics have also 

been changing over time as farmers and scientists develop 

practical methods to apply them . Farmer involvement in 

agrof orestry can thus be a contagious process which does not 

necessarily follow the Hagerstrand model of diffusion in a 

hierarchical manner by people in close proximity at the time of 

contact. As with tractors in the U. S., or outbreaks and 

epidemics of measles, agroforestry practices may be applied by 

farmers in locations for which the origins and timing of the 

idea to do so cannot be identified. Hence the spread of 

agroforestry between farmers and farm families is sometimes 

likened to 'catching the bug' about tree planting. 
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While the present study's conceptualisation of agroforestry 

diffusion is reasonably comparable to the situation with 

epidemics and outbreaks in the 'mixed hierarchical/contagious 

diffusion model' (Cliff and Ord, 1981), there is one main 

difference. The distinguishing characteristics of individuals 

affected with infectious diseases such as measles and influenza 

have been documented by epidemiologists, but this has not been 

accomplished in the field of agroforestry. Hence, like levels, 

stages and types of infection, it may be possible to 

differentiate categories of farmer involvement in agroforestry. 

The present study also recognises that the main factors 

influencing agroforestry involvement remain to be identified. 

This information must first be collected before attempting to 

test the applicability of the contemporary spatial diffusion 

models used in medical geography, or the user-dominated 

diffusion concepts described by Rogers. This research project 

therefore has a narrow focus which principally concentrates on 

explaining the physical, social and economic factors 

influencing the farmers' perspectives on agroforestry. The 

compilation of this essential baseline information, however , 

establishes a firm basis for subsequent research to identify 

the historic and geographic patterns associated with the 

agrof orestry adoption process in Australia and other 

industrialised countries. 

1.2.2.3 Sustainable Agriculture 

The third, and last, structural element in this study's 

conceptual framework identifies the relevance of agroforestry 

to the long term goals of individuals and society for a 

sustainable agriculture. The historical background influencing 

the development of sustainable production alternatives to 

contemporary land-use practices is initially considered. 

Theoretical perspectives on sustainable agriculture are 

subsequently described which have relevance for explaining 

farmer involvement in agroforestry. 

Historical Background 

At the time of the Great Depression in the U.S. Dr. J. Russell 

Smith published a book about the world's farming systems which 

were based upon a 'permanent two story agriculture with tree 

crops ' (Smith, 1929). Subsequently, in the late 1930s the 
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concept of sustained production from the soil resource was 

proposed by Dr. Hugh H. Bennett, the first Director of the U.S. 

Soil Conservation Service (Bennett, 1939). At about this same 

time in the U.S. research was conducted by Dr. William Albrecht 

at the University of Missouri into methods for maintaining the 

soil's natural fertility using biological, non-chemical methods 

(Albrecht, 1975). The practical application of all of these 

ideas is said to have begun at Malabar Farm in Ohio, where a 

run-down farm was successfully rehabilitated and then turned 

into a national monument (Bromfield, 1949). These concepts also 

influenced Eugene Poirot, a farmer-scientist in the Midwest, to 

test direct drilling into unturned sod. He had such good 

results with this that his farm was rated among the top five 

per cent in the country (Paddock et al. 1986:192) 

In the main, healthy soil, not industrial inputs, was the key to this success ... 
Though his methods were scientific, Poirot's guides were the natural prairie 
and the health of his crops and that of the wildlife and livestock that it 
supported. With its brushy margins, its creek, and catfish and irrigation 
ponds, this farm didn't seem much like a fann at all. 

This background to contemporary sustainable agriculture is 

largely an American one which grew out of traditional farming 

experiences in temperate Europe (Esbenshade, 1976; Vogtmann, 

1984). No similar reference has been made to historical work in 

sustainable agriculture from countries with mediterranean 

climates such as Australia. However, since the 1970s there has 

been a steady increase in scientific research and practical 

experimentation around the world to find more ecological 

alternatives to conventional agriculture (Hill, 1982; Merrill, 

1983; National Academy of Science, 1989). Heightened public 

awareness and scientific documentation about the effects of 

synthetic chemicals on people and the environment has motivated 

much of this work into ' alternative agriculture'. During this 

same period of time from the 1970s onwards, global concern over 

increased energy prices and soil erosion led to a revolution in 

tillage whereby herbicides and direct drilling practices were 

substituted for traditional cultivation (Conacher and Conacher, 

1986) . Popularly known as conservation farming, particularly 

when combined with the use of structures such as contour banks 

and other soil conserving practices (El-Swaify, Moldenhauer and 

Lo, 1985), these practices are considered to be an integral 

part of sustainable agriculture in Australia (Australian 

51 



Agricultural Council, 1991; Ecologically Sustainable 

Deve l opment Working Groups, 1991). However, this approach to 

land management is not viewed as compatible with the low-input, 

non-chemical practices used in alternative agriculture - often 

called organic farming, ecological farming, biological 

agriculture, or sustainable agriculture (Powell, 1987; Lovett, 

1990; Wynen, 1992). 

Despite these contradictions in the terminology and viewpoints 

about what constitutes sustainable agriculture, the broad 

literature on this subject since the early 1980s has covered 

not only conservation farming, but alternative agriculture and 

agroforestry as well. Various combinations of words have been 

used in the literature to describe this tenuous ideal in land 

management, varying from sustainable development to sustainable 

land-use, sustainable resource use, sustainable agriculture and 

sustainable catchment management. A similar lack of clarity and 

rigour in defining the concept of sustainability has been 

reported in the literature on environmental policy and research 

(Liverman, Hanson, Brown and Meredith, 1988). Despite these 

problems, a range of economic, biological, and sociocultural 

attributes of the term sustainable agriculture have been found 

relevant for analysing this subject in Australia (Senanayake, 

1988) . Hence the following definition of sustainable 

agriculture (Altieri, 1983:22; Senanayake, 1988) establishes a 

comprehensive context for the third element in this study's 

conceptual framework describing farmers' perspectives on 

agroforestry involvement : 

A sustainable agricultural system is one which : 

( 1) reduces energy and resource ovemse; 
(2) facilitates the operation of production methods that 

a) restores homeostatic mechanisms conducive to community stability, 
b) optimize the rate of turnover and recycling of matter and nutrients, 
c) maximizes the multiple use capacity of the landscape and 
d) ensures an efficient energy flow; 

(3) encourages local production of food items adapted to the natural and 
socio-economic setting; 

( 4) reduces costs and increases the efficiency and economic viability of 
smaller and medium sized farms, thereby promoting a more diverse, 
potentially more resilient agricultural system. 

Global and Australian Strategies for Sustainable Agriculture 

In 1980, several international agencies produced the World 

Conservation Strategy (International Union for the Conservation 

of Nature, 1980) . That document established a formal mandate 
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for national resource development policies to become fully 

integrated with global policies for environmental conservation. 

This strategy reflected a major shift in thinking which 

rejected the Club of Rome's 1972 'limits to growth' concept of 

an antagonistic relationship between growth and economic 

development (Ecologically Sustainable Development Working 

Groups, 1991) . The response by the Australian government, 

called the National Conservation Strategy, was heralded as one 

of the world's most ambitious plans (Selman, 1987). With all of 

the states and territories, except Queensland and Tasmania, 

approving the Strategy, WA was the first to have a State 

Conservation Strategy (1987) officially endorsed by the 

Commonwealth government. 

The concept of sustainable development has been promoted even 

more recently on an international scale by the United Nations' 

World Commission on Environment and Development. Their 

findings, popularly known as the Brundtland Report (World 

Commission on Environment and Development, 1987), have been 

widely quoted and used to encourage dialogue at the national 

and international levels. The Australian government's first 

public discussion paper in response to the Brundtland Report, 

Ecologically Sustainable Development (1989) was applauded by 

some, but vigorously challenged in a joint paper by several 

environmental organisations and the Australian Conservation 

Foundation (Hare, 1990). Their objections represent the 

emerging political 'dark green paradigm' which seeks to alter 

the status quo of conventional economic growth (Schapper, 

1989). Following the public comment phase, the Commonwealth 

established Ecologically Sustainable Development Working Groups 

(ESDWG) to make recommendations for policies in nine different 

sectors of the economy. The agricultural working group 

formulated a strategy which was based upon five broad 

principles 'improvement in material and non-material well-

being; intergenerational and intragenerational equity; 

maintenance of ecological systems and protection of 

biodiversity; global ramifications, including international 

spillovers, international trade and international cooperation; 

and dealing cautiously with risk, uncertainty and 
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irreversibility' (Ecologically Sustainable Development Working 

Groups, 1991) . 

The long history of public concern about the viability of 

Australian agriculture since the late 1920s (Roberts, 1984; 

House of Representatives Standing Committee on Environment, 

Recreation and the Arts, 1989), appears not to have resulted in 

any new views or direction being embraced by the ESDWG official 

strategy for sustainable agriculture. However, questions about 

the sustainability of conventional land management practices 

continue to be asked, especially in WA (Conacher and Conacher, 

1986; Conacher, 1990; Shapper, 1991), despite the cautiously 

optimistic pronouncements of government officials (Robertson, 

1987a:308) 

Undoubtedly there is inadequate documentation of land degradation 
processes, rates and economic and social implications on which to develop 
sophisticated national policies to avoid or repair land degradation. Moreover, 
the resources required to obtain the desired infonnation within a reasonable 
time frame are unattainable ... Although it may be hyperbole, it is possible to 
assert that there are known technical solutions to all recognised land 
degradation problems observed in Australia, although some of these solutions 
may contain elements that are unacceptable from an economic, social or 
political viewpoint. A solution involving non-use would often contain such 
unacceptable elements. Hence the existence of solutions does not indicate 
that we are close to being able to implement these solutions in any but a few 
situations. 

This viewpoint about resolving Australia's land degradation 

problems expresses a growing cognizance about the necessity for 

broadening the scope of technically oriented soil conservation 

solutions to encompass the emerging principles and practices 

described by sustainable agriculture. Inherent in contemporary 

Australi~n understanding and use of this term is the importance 

of integrating technical solutions with socially and 

ecologically accountable land management practices (Mallen

Cooper, 1992). In addition, there is increasing awareness of 

the need for a moral perspective which establishes a sense of 

land ethics to replace the materialistic attitudes towards the 

land which have been held since frontier times by farmers and 

the public (Roberts, 1984; Coombs, 1986) . An agricultural 

economist in WA has even pointed to the need for national 

legislation to prevent farmers from selling or bequeathing 

their properties if land degradation is not controlled 

(Schapper, 1989). While there are clear differences between 
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these strategies, they all reflect an awareness of the 

fragility of present land management practices. 

Under the banner of sustainable agriculture, alternative 

approaches to land management, such as agroforestry, which 

optimise both the short and long term productivity of 

agricultural land are increasingly being supported by public 

funds. This is occurring in many industrialising countries 

(Benge, 1987; Steppler, 1987; Swaminathan, 1987; World Bank, 

1992) where overpopulation has long been seen as a major factor 

causing tropical farmers to shorten the cycle of forest 

clearing and burning to the point where the fallow periods do 

not promote adequate soil fertility. Studies have shown that 

agroforestry practices can provide viable alternatives to 

reverse this and other deleterious biophysical impacts 

resulting from the intensification of swidden farming systems 

(Barker, 1990). Likewise, in several industrialised countries 

increased agroforestry funding, notably Australia, New Zealand, 

the U.K. and the U.S. (MacBrayne, 1981; Gold and Hanover, 1987; 

Prinsley, 1991), has allowed innovative land management 

practices to be tested which were unlikely to have been 

supported previously (Hill, 1982). 

The implications of this trend in support for sustainable 

agriculture have been beneficial for both industrialising and 

industrialised countries. In relation to the present study in 

Australia, there have been new opportunities for private firms, 

as well as farmers and scientists, working with agroforestry. 

For example, the Australian Agricultural Consulting and 

Management Company reported having learned useful lessons from 

integrating both agrof orestry and water management practices at 

the catchment level in industrialising countries which they 

considered to be relevant for sustainable agriculture in 

Australia (Fargher, 1992). 

In a similar manner, a farmer in the western part of the study 

area, Ron Watkins, found after a Churchill Fellowship study 

tour that his 'integrated whole farm/whole landscape planning' 

approach reflected sustainable agriculture concepts which had 

not yet been holistically integrated overseas (Watkins, 1990). 

While not incorporating low input farming and the water 
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harvesting technique developed by Watkins, another new tool for 

achieving sustainable agriculture applies an innovative 

approach to whole farm planning in Victoria which 'integrates 

ecological and agricultural principles in a synergistic way' 

(Campbell, 1989). The project's participating farmers were 

financially supported by a legal firm's charitable arm, the 

Potter Foundation. This approach is much like the one which 

Alcoa of Australia Ltd. is presently developing near Perth 

through their joint Avon Catchment Landcare Program with DAWA 

and the National Soil Conservation Program (Brewin and Collett, 

1991). Also, public interest in creating a sustainable 

agriculture in this country has grown since the late 1970s from 

the work of the permaculture movement's founder, Bill Mollison 

(Mollison, 1991) . 

In addition to these privately funded projects at the state 

level, there was a substantial increase in governmental 

research on subjects related to agroforestry and sustainable 

agriculture during the 1980s. In order to collect the latest 

information and develop a research agenda, a national 

conference was convened by the Commonwealth Government in 1991 

which was aptly called The Role of Trees in Sustainable 

Agriculture. In the following year, funding for agroforestry 

research projects became available from the Commonwealth 

government's Rural Industries Research and Development 

Corporation. Although specific reference to innovative work 

with agroforestry in WA was reported at the 1991 conference 

(Scott, 199la), there has been a mixture of other views 

presented since the mid-1980s about progress with developing 

sustainable agriculture in this state. For example, a 

conference was convened in 1987 with the title, Soil Management 

for Sustainable Agriculture (Robertson, 1987b) . A soil 

scientist from the University of WA opened the conference by 

summing up the situation (Gilkes, 1987:9) 
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It will be apparent from the above brief summary of the distribution and 
properties of the soils that very little is known about Western Australian soils 
and that soils and soil science are not in a healthy state in Western Australia. 
The soils present mostly have chemical and physical properties that are 
inferior to those of many of Australia's competitors in the international 
market place. In addition, agriculture is carried out under a climate that in 
some areas is not conducive to the long-term stability of soils so that the 
prospects of desertification and a loss of sustainable agriculture are real and 
immediate considerations for some Western Australian farmers. It is vital to 
know much more about the distribution and properties of the soils, yet the 
research effort that is devoted to this purpose is small.. .If the catastrophes 
due to soil loss that devastated some of the great agricultural civilisations of 
North Africa are to be avoided, a better understanding of the soils is urgently 
needed. 

Others have presented new sustainable agriculture options for 

Western Australian land-use which follow overseas work, such as 

the concept of 'analog forestry' (Lefroy et al. 1992). This 

land-use approach was first described by Sir Albert Howard 

(1949) and then subsequently tested in the midwestern U.S., 

where it was renamed 'perennial polyculture' (Jackson, 1987). 

According to Lefroy et al. (1992) this concept, which involves 

mimicking the functions of the ecosystem in a managed 

landscape, is relevant to developing a sustainable agriculture 

in the wheatbelt. This land management approach has been 

incorporated into the objectives of Lefroy's nationally funded 

project in WA which is presently evaluating how low rainfall 

forage species can be combined with agriculture to reduce land 

degradation. While there is a range of other agroforestry 

projects in WA (Prinsley, 1991), they do not expressly identify 

the development of a sustainable agriculture as an objective. 

Hence the varied farmer, public sector and private enterprise

based approaches presently being taken to develop agrof orestry 

do not necessarily result from a consciously designed 

theoretical perspective on sustainable agriculture. 

Theoretical Perspectives 

Consideration of the theoretical perspectives which influ ence 

contemporary understanding about sustainable agriculture is 

relevant for defining this third part of the conceptual 

framework used to guide the present study. There is substantial 

variability throughout the world in the socio-cultural, 

economic and physical factors which are identified as forces 

i nfluencing adoption of sustainable agriculture (Vogtmann and 

Berson, 1978). Likewise, c omparis on between the perspectives 

a b out sustainable agriculture in industrialised and 

industrialising countries is diff i cult, as are any comparisons 
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between general regions, or climatic zones. However, several 

major theoretical perspectives on sustainable agriculture can 

be reasonably differentiated by adopting a disciplinary view 

which is derived from the professional backgrounds of the 

protagonists who are involved in analysing this issue. This 

disciplinary perspective, along with a narrow spatial focus on 

WA, and Australia when relevant, has been employed to describe 

the theoretical issues surrounding the relationship between 

agroforestry and sustainable agriculture. 

The relevance of sustainable agriculture for WA was formally 

addressed in a conference which was convened by the Australian 

Institute of Agricultural Science (AIAS) in 1991 (AIAS, 1991) . 

The diversity of viewpoints which were presented provides a 

useful over-view of the issues in WA which are perceived by 

people from different disciplines and backgrounds to be 

associated with sustainable agriculture. The perspectives 

represented in the AIAS conference varied from those of 

practising farmers, agropolitics organisations, agricultural 

scientists, soil conservationists and economists, to a policy 

analyst and two environmentalists. 

Insistence upon economic interpretations of the term 

sustainable agriculture clearly differentiated the viewpoints 

of the farmers, their organisations, the agricultural 

scientists and the economists as a group from the policy 

analyst and the environmentalists. The former group's 

perspectives generally encompassed recognition of the 

importance of the long term sustainable use of resources by 

applying practices which were both biologically and financially 

viable (Edmondson, 1991; Morrison, 1991; Robson, 1991; York, 

1991). In addition, they emphasised the need for improving the 

productivity of farmland, especially the degraded and marginal 

areas such as saltland and deep sands. In contrast, the AIAS 

conference speakers who had an ecological framework for 

achieving sustainable agriculture provided examples of how it 

was imperative to alter the current production-oriented 

attitudes and practices of producers and scientists. The 

ecological approach to achieving sustainable agriculture is 

based upon environmental conservation as the foremost priority, 

rather than economic objectives (Brown, 1991; Reading, 1991). A 
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professional soil conservator's perspective on sustainable 

agriculture was also presented at the conference which 

incorporated not only an awareness of the importance of 

biological and physical interactions, but also the economic, 

social and political factors (Robertson, 1991). 

According to the policy analyst at the AIAS conference 

(Synnott, 1991b), the following issues should be considered to 

develop a sustainable agriculture : (1) the importance of a 

long term resource management framework which accounts for 

future generations, (2) the complexity and interdependence 

between natural systems and man-made production and 

conservation activities at varying spatial scales, from local 

to global levels, and (3) the diversity of ethical and moral 

concerns emerging from scientific uncertainties which require 

greater consensus to reduce potential conflicts. While these 

three concepts provide a reasonably concise overview of the 

diversity of issues which are relevant to sustainable 

agriculture, Synnott (1991b:l) concluded his presentation to 

the AIAS conference by stating 

Thus, sustainability is not to be seen as a fixed measure or boundary 
condition. Instead, it is about adopting principles and trading off elements of 
different things in order to arrive at a general policy which is seen as just and 
acceptable by all. 

Agroforestry is likewise not considered to be a rigid set of 

practices, but rather an approach to achieving sustainable 

agriculture which can be modified to meet the needs of the 

human and physical environment. The international definition of 

agroforestry, which has been adapted for Australian conditions 

by the National Agroforestry Working Group, precludes 

specification of the methods and practices involved so that a 

range of economic, ecological, and social objectives can be 

achieved (Anderson, 1989; National Agroforestry Working Group, 

1989) . These objectives for agroforestry are therefore quite 

complementary to those attributed to sustainable agriculture. 

Hence the third structural element in this study's conceptual 

framework for analysis, sustainable agriculture, provides a 

contemporary, progressive context for describing farmers' 

decisions about involvement in agroforestry. 
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1.2.3 Conceptual Model 

In the previous subsection, three structural elements have been 

identified for inclusion in the conceptual model to guide the 

analysis in this study - the farm as a family business, the 

adoption of innovations, and sustainable agriculture. The 

historical background and theoretical perspectives associated 

with each of these elements have been discussed in relation to 

their relevance for explaining farmer involvement in 

agroforestry. In the following subsection a conceptual model is 

created from these elements to provide an analytical framework 

for this study. The overall rationale for the conceptual 

approach taken in this study grows out of a long history of 

geographic research into the factors influencing the land-use 

practices of farmers. The principal purpose for selecting the 

subject of agroforestry in southern WA is to provide a 

descriptive analysis of the main farm and non-farm factors 

which influence farmer involvement with this new land-use. This 

is consistent with the aim of this study : to explore and 

describe farmers' perspectives on involvement with agroforestry 

in an industrialised country. While this study's subject and 

purpose are unique, the methodology which has been employed 

follows procedures which have been tested in similar 

geographical research (Taylor, 1977; Johnston, 1978; Ginsburg 

et al. 1986). As noted, this study contributes additional 

information, because previous enquiries into the involvement of 

farmers in agrof orestry have considered their growing of shrubs 

and trees in isolation from their management of bushland areas. 

This study's descriptive analysis of the cultural and 

ecological factors influencing agroforestry involvement follows 

in the tradition of rural research which necessarily involves 

the conceptual development of models. Often these models, or 

analytical frameworks, incorporate linkages between both the 

physical environment and the characteristics of farmers and 

their families (Smit and Brklacich, 1989). Research into the 

range of factors influencing agroforestry involvement in the 

industrialised country context has not been previously carried 

out. Therefore, as a first step in this process, a conceptual 

model for the present study in southern WA has been constructed 

(Figure 1.2). 
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It depicts the setting in the study area where forces f r om t he 

external macro-environment shape the on-farm relationships 

which, to varying degrees, influence the perspectives of 

farmers and farm families about their involvement in 

agroforestry. The external non-farm relationships in the macro

environment are located around the perimeter of the model. They 

have been positioned in this manner to indicate that the 

opportunities and constraints which emanate from them for 

innovation adoption are generally outside of the control of 

farmers and family farm businesses. These factors are often 

powerful institutional/political, social, economic, 

environmental and technological/informational forces which are 

global in nature and have no national boundaries (Lowe et al . 

1990; Bryant, 1991) . The present study does not attempt to 

evaluate their direct effects upon agroforestry involvement. 

Rather, this analysis is directed at describing the on-farm 

factors which influence the farmers' perspectives, some of 

which result from interactions with the macro-environment. This 

research the refore contributes to the recognised need for 

appropriate theory which defines associations between the 

internal and external relations of family farms and the 

components of rural systems (Bowler and Ilbery, 1987; Bowler, 

1989; Moran and Cocklin, 1989). 

The eight sets of internal on-farm relationships in Figure 1.2 

have been selected from a thorough review of the scholarly 

literature (see discussion in Chapter Three) to characterise 

the farmers, farm family businesses and their farming 

operations in the study area. These are 

• socioeconomic characteristics of farmers and farm families 
• family structure, indebtedness, and decision-making 
• technical information and financial incentives for 

agrof orestry 
• attitudes to agroforestry practices and management 
• management decision-making 
• biophysical characteristics and problems of respondents' 

properties 
• species preferences (shrubs and trees) 
• practicability and success with applying agroforestry 

practices. 

These sets of variables have been described as the 'social, 

economic and environmental relations of production' in similar 

research about family farmers who own their properties and work 



on them (Friedmann, 1980) . These relations of farm family 

business production are depicted around the periphery of the 

model's centre as independent sets of descriptive variables. 

Their location in Figure 1.2 implies no specific order or 

ranking in relation to agroforestry involvement . 

The extent to which these variables influence agroforestry 

involvement is uncertain, and is the principal subject of this 

research. Hence the centre of the model depicts this theme in 

the context of achieving a sustainable agriculture . In 

addition, the three variables which are located in the centre 

of the model describe measures of contemporary agroforestry 

practices in the study area - bush management, growing trees on 

farmed land, and growing shrubs and trees on discharge areas 

and waterways. They provide a quantitative basis for describing 

the perspectives of farmers and farm family businesses about 

agroforestry , as well as measuring differences in types of 

involvement . The next task in this research is 

operationalisation of the conceptual model in order to test the 

validity of this theoretical frame work against the empirical 

evidence which has been collected from the survey data. 

1.3 CHAPTER SUMMARY 
The introduction to this study establishes the context in which 

the research has been implemented. The historical background to 

agrof orestry in southern WA has been presented, followed by 

examples of how the present study provides an original and 

substantial contribution to knowledge . The conceptual model for 

describing the farmers ' perspectives on involvement in 

agrof orestry incorporates theories describing the farm as a 

family business, the adoption of innovations , and sustainable 

agriculture. In relation to each of these three areas of 

scholarly enquiry theoretical concepts have been identified 

which are relevant for describing agroforestry involvement . The 

appropriateness of these concepts for this study's theoretical 

framework has been supported by examples of their use in 

similar research into agroforestry . 

The model asserts that involvement in agroforestry for 

sustainable agriculture is a function of farmer and farm family 

business perspectives on not only growing shrubs and trees, but 



bush management as well. The level of farmer involvement with 

these agrof orestry practices during the innovation adoption 

process is directly influenced by their internal relations of 

production, which in some instances is affected by factors 

outside of their control in the external macro-environment . The 

foundations for these assertions will be established in Chapter 

Two from a multidisciplinary literature which follows in the 

tradition of contemporary geographical research about 

agriculture and rural land-use. The conceptual model will be 

operationalised in the third chapter using multivariate 

methods. 
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2.1 INTRODUCTION 
This chapter discusses the theoret i cal literature which has 

been drawn upon to describe the main factors thought to be 

influencing the farmers' perspectives about agroforestry. 

Several separate sections identify the theoretical rationale 

for the selection of eight sets of variables which are to be 

tested for their impact on agroforestry involvement in the 

fourth, fifth and sixth chapters. 

The data for this study were derived from a random sample 

population of 655 broadacre farmers in the study area (see 

Chapter 3.1 'Introduction', and Appendices 1-3 for details). 

Approximately 1340 presence/absence variables have been 

constructed from the survey questions to describe the farmers' 

perspectives on involvement in agroforestry. These variables, 

derived from the two survey questionnaires (Appendices 2 & 3), 

have been subdivided into eight sets which describe the 

characteristics of farms, farmers and farm families in the 

study area. The subjects addressed encompass eight sets of 

issues which have been further grouped to facilitate their 

discussion and interpretation: 

1 . SOCIOECONOMIC AND FAMILY STRUCTURE VARIABLES 

• socioeconomic characteristics of farmers and farm families 
• family structure, indebtedness, and decision-making 

2. INFORMATION, INCENTIVES, ATTITUDES AND MANAGEMENT DECISION
MAKING VARIABLES 

• technical information and f i nancial incentives for 
agrof orestry 

• attitudes to agroforestry practices and management 
• management decision-making 
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3. BIOPHYSICAL AND PRACTICABLE APPLICABILITY VARIABLES 

• biophysical characteristics and problems of respondents' 
properties 

• species preferences (shrubs and trees) 
• opinions on practicability and success with applying 

agrof orestry practices 

These eight sets, or groups, are not intended to be placed in 

any specific order or ranking in relation to agroforestry 

involvement in Figure 2.1. 
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This is principally because it is not possible at this stage of 

survey analysis to determine the extent to which they are 

related. Neither is it possible to describe the extent to which 

they may be affecting each other in relation to the central 

theme of this phase of the study which is to describe the 

farmers' perspectives on agroforestry involvement. In addition, 

this study has not attempted to account for all factors 
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affecting the variance in farmers ' ~~volvement in agroforestry. 

Rather, the variables were selected and used in the random 

sample surveys in relation to their perceived value for 

providing a descriptive analysis of the issues influencing 

farmer involvement in agroforestry. 

Variable Selection : the Theoretical Backgrotmd 

The eight set s of explanatory variables in thi s study have been 

developed on the basis of previous research in this country and 

other industrialised countries. There is a limited, yet diverse 

literature from which to draw, develop and test hypotheses on 

farmer involvement in agroforestry. The unique nature of 

agroforestry, as a multidisciplinary science and new land-use 

system in the industrialised country context, limits the extent 

t o which studies of the factors influencing farmer involvement 

in land management can be applied directly in this study. Hence 

research in industrialising countries has also been considered. 

Agrof orestry is not a commodity which production and 

conservation farm practices can create. Nor is it a production 

technology aimed at increasing farm efficiency in the short 

term. Rather, it is an approach to land management which 

incorporates diverse practices to fulfil both short and long 

term needs of rural people, in both industrialising and 

industrialised countries (Rocheleau, 1987) . Rocheleau has found 

that it is necessary to broaden the 'farming systems' and 

'social forestry' type research approaches to develop the 

farmers' perspectives, or that of other rural users, on 

involvement in agroforestry. These two approaches to 

agriculture and forestry development have been criticized for 

being too narrowly focused on technical issues, as well as 

being mainly production oriented (Hoskins, 1987) . Both 

Rocheleau (1987) and Hoskins (1987) contend that it is 

essentia l to develop a user's perspective in order to be able 

to assess fully the extent to which social, economic and 

technical interventions can be utilised for improving land 

management practices with agroforestry systems. 

Similar wo rk to Rocheleau's in the industrialising context 

i dentified a range of variables influencing the involvement of 

farmers in agroforestry which were not used in traditional, 



agriculturally-related studies (Hoskins, 1987:192). That 

researcher suggested that these should be considered in 

explaining farmer involvement in agroforestry. According to 

Hoskins : 

It is not easy to select and describe the ... variables in a universal way; 
situations differ depending on the locality , environment and the major 
traditional production activities; issues overlap and are not easily considered 
in isolation. Variables will need to be studied case by case. However, 
examples of common issues, even if incomplete, may serve to highlight 
some of the questions which should be raised in order to tailor agroforestry 
promotion policies and the training of promoters in an effective manner. 
Common issues include : local uses and knowledge, tenure, organisation, 
conservation, landlessness/ distance, enterprises and marketing, labour, 
nutrition, and gender/ age. 

By ' local use and knowledge' Hoskins is referring to the 

importance of assessing the farmers' present involvement with 

agroforestry to identify which aspects can be strengthened. For 

example, it may be necessary to improve education and training 

programmes to further farmer knowledge about potentially useful 

nitrogen fixing shrubs and trees, or the role windbreaks can 

play in reducing crop, stock and soil losses. Lack of tenure is 

subsequently listed by Hoskins as a critical issue affecting 

the ability of the landless to participate in long term 

agroforestry projects. Research by others has identified 

several innovative approaches to alleviate such seemingly 

intractable problems (Fortmann and Riddell, 1985) . Hoskins uses 

the terms 'organisation' and 'conservation' interchangeably to 

describe the importance of analysing the extent to which 

institutional arrangements involving resource conservation are 

compatible with developing agroforestry initiatives . 

'Enterprise and marketing' are further issues which, according 

to Hoskins, merit analysis in relation to evaluating farmer 

involvement in agroforestry. Constraints which limit market 

access by new agroforestry enterprises must be considered when 

defining the factors which influence farmer involvement. The 

skills and types of 'labour' required , combined with its 

availability in relation to traditional seasonal needs for 

other enterprises, are additional constraints to involvement in 

agroforestry. Likewise the potential benefits from improved 

nutrition, whether for people or livestock, through 

agroforestry are an important element in the decision-making 

process. 
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It is noteworthy that Hoskins (1987) also refers to the 

increasing recognition of the value of agroforestry as a food 

and fodder source for relieving hardship caused by land 

degradation. The declining availability of ~odder for livestock 

in b~shland areas is a similar problem faced by farmers in the 

study area, and elsewhere in Australia. Finally, Hoskins 

considers that 'gender and age' are as important socioeconomic 

determinants of human decision making for agroforestry as they 

are for agriculture and forestry. 

Similar attitudinal, physical, socioeconomic and technical 

information-related factors were identified as having important 

effects upon the land-use decisions of farmers in both 

industrialised and industrialising countries (Shaxson et al. 

1989). Within the industrialised country context, however, 

little research has previously been directed towards describing 

the factors which influence farmer involvement in agroforestry. 

Hence the variables tested in this study reflect the use of a 

mixture of original research design, and a number of variables 

which have been previously tested in related fields of enquiry. 

Several agrof orestry-related surveys of farmers in Western 

Australia and other states during the 1980s provided the bulk 

of useful information for the selection of variables tested in 

this study. These include surveys of (1) South Australian 

farmer attitudes to native vegetation retention and tree 

growing (Craig et al. 1983; Dowling, 1985; Howett and Lothian, 

1988), (2) management of native vegetation on Western 

Australian wheatbelt farms (Coates, 1987) , (3) the risk factors 

associated with wind erosion in southern Western Australia 

(Gwynn et al. 1987), (4) the relationship of communication 

networks to the adoption of soil conservation practices in 

Western Australia (Fry and Goss, 1985), (5) farmers' attitudes 

to pine afforestation in the southwest of Western Australia 

(Malajczuk, et al. 1984; Soutar and Wallis, 1986), and also (6) 

their attitudes to land management for soil conservation 

purposes in Victoria (Cary et al. 1986; Vanclay and Cary, 

1989), and growing a fodder tree crop in Queensland 

(Lesleighter and Shelton, 1986) . Only one other survey based 

study of farmers in Australia has specifically considered 
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agroforestry, and that one relied principally upon a selected 

sample of the innovators (Reid, 1986) . 

Explaining Involvement in Agroforestry: Overview of the Variables 

The two survey questionnaires in this study were structured to 

include eight sets of variables first to describe the broad 

cultural and physical context of the farmers' perspectives on 

involvement in agroforestry, and second to describe the 

specific aspects of farming operations in the study area. These 

eight sets, or groups, of variables with potential impact on 

agroforestry involvement have previously been summarised in 

Figure 2.1. 

The first of these eight categories incorporated commonly used 

socioeconomic variables to collect data on such subjects as 

age, gender, education, farm size and type, years farming, and 

property expansion goals. Another set of variables evaluated 

farmers' attitudes to agroforestry practices and management in 

relation to such issues as their reasons for involvement, how 

experienced they were with these activities, their willingness 

to borrow for agroforestry projects and the extent of their 

discussing these activities with others. The third grouping of 

variables provides details on the survey farmers' management 

decision making. The variables describing this vary from how 

long their property has been in the family and the extent of 

their holdings other than the main income earning property, 

budgeting for agrof orestry projects and the sources of these 

funds, strategies to reduce land degradation, and their 

assessment of the level of economic risk associated with 

implementing agroforestry. 

The fourth grouping of variables describes the respondents' 

views about available information sources and incentives for 

agroforestry. Survey variables related to this describe their 

knowledge of agroforestry practices, sources of information, 

their rating of the potential economic advantages of the 

available tree growing incentive schemes, and their knowledge 

of peers who are successfully using such practices. The fifth 

grouping of variables describes the survey farmers' opinions on 

the practicability and success of applying agroforestry 

practices. These variables include descriptions of the major 
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problems experienced with growing trees, the farmers' 

estimation of the main factors which hold them back from 

resolving these problems, their views on the practicability of 

and their success in applying different agroforestry practices, 

and whether they can quantitatively measure any benefits . The 

sixth set of variables provides information on the biophysical 

characteristics and problems of the respondents' properties . 

Variables describing this range from the property clearing date 

and how much bush remains to be cleared, to average rainfall 

levels , soil types , land degradation problems , and their views 

on problems associated with different agroforestry practices. 

The seventh grouping of variables evaluates the impact of the 

respondents' family structure , indebtedness and decision making 

on their involvement in agroforestry . This set describes family 

age, size and stage , the extent of non-farm income and 

activities, and equity and indebtedness levels. Finally , the 

eighth grouping considers the farmers' species preferences to 

determine if this contributes to describing agroforestry 

involvement. Prior to identifying the extent to which these 

eight groups of variables influence farmer involvement in 

agroforestry, the theoretical rationale for their selection is 

presented. 

2.2 SOCIOECONOMIC AND FAMILY BUSINESS VARIABLES 
The next three sections of Chapter Two describe the theoretical 

background to the variables which have been selected for 

describing agroforestry involvement. This first section is 

divided into two parts, with the socioeconomic variables which 

have been tested first described, followed by the family 

business variables . 

( 1) Socioeconomic Variables 

The first of the eight sets of variables examines the impact of 

the socioeconomic characteristics of farms , farmers and farm 

families in the study area on their involvement in 

agroforestry. The variables selected for testing were of a 

broad nature, to provide a base-line of pertinent information 

on the range of socioeconomic issues that might have some 

impact on farmers' involvement in agroforestry. The extent to 

which such issues have influenced the development of 
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agroforestry in the study area has not been previously 

considered. 

A limited number of studies in Australia, as well as in other 

industrialised and industrialising countries, has been drawn 

upon to select the variables to describe the general 

socioeconomic characteristics of the survey farmers. Research 

into this subject has, however, been dominated by studies about 

farmers using agroforestry practices within the context of 

traditional societies in tropical industrialising countries 

(Steppler, 1987; MacDicken and Vergara, 1990; Raintree, 1989). 

Nonetheless, the deleterious effects of socioeconomic 

constraints associated with, for example, age, education, 

gender, labour relations and socioeconomic level on involvement 

in agroforestry have been identified in both industrialised and 

industrialising countries (Watson, 1983; Fortmann and 

Rocheleau, 1984, 1985; Whatmore, 1988; Cook and Grut, 1989; 

Dishongh, 1991). The relevance of such work for enhancing 

greater world-wide use of agrof orestry systems cannot be 

discounted (Swaminathan, 1987:37). According to Swaminathan 

The adoption of the agroforestry system of land use requires fundamental 
changes in approaches to farming ... Recent experience with Green 
Revolution technology has demonstrated the roles human ecology and 
sociology play in the acceptance and spread of technologies. We need to 
study the various socioeconomic constraints and design appropriate strategies 
to convince the farmer that the short and long tem1 payoff in adopting 
agroforestry will be considerable. 

Comparatively little work in the industrialised country context 

has described how the socioeconomic characteristics of farmers 

have contributed to their involvement in agroforestry. This has 

resulted from a range of inter-related factors, of which two 

were particularly representative. The first was a function of 

the relatively limited number of farmers in industrialised 

countries who are actually involved in agroforestry . While 

there has been increasing interest in agroforestry on the part 

of farmers in industrialised countries for about a decade, the 

higher level of agroforestry activity in traditional societies 

has provided a substantially greater focus for socioeconomic 

studies. These studies have mainly been associated with 

development assistance projects aimed at reducing the 

deleterious impacts of overpopulation and intensified swidden 

farming (Arnold, 1984, 1987; Puri, 1985; Barker, 1990). 
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The second major contributing factor to the limited amount of 

socioeconomic research in industrialised countries has resulted 

from agroforestry being a relatively new topic of scientific 

enquiry dating from the late 1970s. Institutional arrangements 

separating agriculture, forestry and water resource management 

have traditionally limited the extent to which a 

multidisciplinary approach has been applied to studies on 

agroforestry. In addition, agroforestry research has 

considerable uncertainty attached to it, mainly because of the 

long time frames associated with analysing the complexity of 

biological and socioeconomic interactions. This is particularly 

the case in the temperate zones of industrialised countries 

(Lundgren and Nair, 1985; Byington, 1990). 

Farm Forestry 

In addition to these two major factors limiting the amount of 

socioeconomic research about agrof orestry which could be drawn 

upon for the present study, the literature on farm tree growing 

in industrialised countries has been narrowly focused. It has 

primarily analysed production oriented wood supply from 

plantations or woodlots in wet temperate environments. Examples 

of such studies have included analyses on the attitudes 

influencing adoption of eucalypt woodlots on Victorian farms 

(Dunchue, 1990), work on American woodlot owner attitudes in 

Arkansas towards timber production and management (Greene and 

Blatner, 1986), and studies of the characteristics, attitudes 

and objectives of nonindustrial private forest owners in 

eastern Oklahoma (Jones and Thompson, 1981). The growing 

conditions described in these studies differ considerably from 

the mediterranean conditions which affect the types of 

agroforestry practices used in most of the study area. Fewer 

than 20 per cent of the survey respondents farm where there is 

more than 650mm rainfall per annum. 

Production oriented forestry analyses were of limited value in 

relation to the socioeconomic factors influencing involvement 

in agroforestry. More broadly focused research into the 

characteristics of farmers involved in tree crops production 

and farm forestry was found to have been directly relevant. For 

example, Lesleighter and Shelton (1986) reported a strong 

correlation between the extent of farming experience and the 
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adoption of the fodder tree crop, Leucaena, by Queensland 

farmers. Other studies have correlated the socioeconomic 

factor, education level, with farmers' decisions about tree 

growing in Victoria (Cary et al. 1986). With regard to the 

influence of economic factors, Swain (1987) investigated 

several countries in Scandinavia, as well as New Zealand and 

the U.S., to identify the extent to which farm forestry 

practices and policies were relevant to the U.K. He reported 

that even though the greater labour requirements associated 

with tree growing on farmland were generally offset by the 

increased income, short-term economic competition with 

agriculture was only marginally viable on good farmland. Hence 

the potential long-term returns from tree growing afforded 

greater promise for economically advantaged farmers. 

A more recent Scottish study found that agricultural 

traditions, the age of farmers and small farm sizes severely 

limited the willingness of landholders to consider the planting 

of trees (Scambler, 1989). Comparable constraints to those 

identified by Swain (1987) and Scambler (1989) could have 

potentially influenced the decision of farmers in the study 

area. There has been no tradition of farm forestry in southern 

Western Australia, other than the clearing of bushlands to 

develop agriculture, with all the available arable land 

subsequently having been devoted to producing annual crops, 

pastures and livestock . Likewise, a Western Australian study 

about pine agrof orestry in the higher rainfall zone to the west 

of the study area reported that older farmers were less likely 

than others to be interested in participating in governmental 

tree growing incentive schemes (Malajczuk et al. 1984). 

Agriculture and Soil Conservation 

As with most production forestry and farm forestry research, 

the literature about the impact of socioeconomic factors on 

agriculture in industrialised countries is narrowly focused. 

Agriculture's emphasis on short term annual crop and livestock 

interactions has reduced the relevance of such studies to 

agrof orestry where a longer time frame is required to integrate 

perennial species with annual crops, pastures and livestock. 

However, there has been research in the U.S. on a similar 

sustainable agriculture practice to agroforestry, organic 
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farming. A range of structural changes in that economy, from 

rising average farm sizes and capital intensity to 

specialisation, have limited the potential for farmer 

involvement in organic farming (Youngberg and Buttel, 1984). 

In a similar manner, concerns at the international level have 

been raised about the extent to which farmers have reacted to 

the land degradation effects of agricultural practices by 

simply abandoning such land and moving to new land (Dregne, 

1983). In addition, that researcher reported that such historic 

practices were being forced to change by the increasing 

shortage of low-cost available land. While no research has been 

undertaken in the agricultural areas of Western Australia to 

determine the extent to which farmers have sold land in lieu of 

reclaiming it (G.A. Robertson, DAWA, pers. comm. 1989), concern 

about the problem has been raised (Carder, 1978; Schapper, 

1990). 

The approach taken by Cary and Holmes (1982) to explain the 

socioeconomic relationship between personal goals and the 

property expansion objectives of Queensland graziers was 

modified in the present study to determine if similar decision 

making influenced agroforestry involvement. Those researchers 

reported a high degree of congruence between graziers' 

histories of property expansion and their income and social 

goals. For example, their goals of maximizing income by 

increasing property size, continuing family traditions and 

maintaining good community relations were associated with their 

having had histories of property expansion. Although Cary and 

Holmes (1982) expressed concern over generalisations that could 

be derived from their results because their sample size was 

small and the farming conditions in the study area unique, 

similar variables related to the history of property expansion 

were incorporated into the present study. 

Studies about the adoption of soil conservation practices also 

provided a useful basis for selecting variables to assess the 

impact of socioeconomic factors on agrof orestry in the study 

area. For example, the variable 'farm size' has been identified 

as an influence on standards of living, types of farming 

practised, intensity of production, and efficiency of output 
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(Grigg, 1984). The effects of the increasing scale of post-war 

industrial agriculture have also been widely considered within 

the context of studies about the farm as a family business in 

industrialised and industrialising countries (Bowler, 1984; 

Youngberg and Buttel, 1984; Gasson et al. 1988; Benediktsson et 

al. 1990). While Chamala et al. (1984) made a comprehensive 

review of the Australian literature about socioeconomic 

influences on the adoption of soil and water conservation 

practices, no references were cited about agroforestry. 

However, such studies have subsequently been undertaken. For 

example, farm tree growing in South Australia (Dowling, 1985) 

and Victoria (Barr, Wilkinson and Cary, 1992) was found to be 

inversely related to farm size. In the U.S., such studies also 

have been done, but Disongh (1991) reported that farm size was 

not a factor influencing American windbreak or shelterbelt 

plantings. However, in relation to production-oriented tree 

growing in this country and abroad, farm size appears to 

influence farmers' decisions. Farmers' attitudes towards 

forestry to the west of the study area, in the Manjimup area of 

southwestern Australia, were found to be positively correlated 

with increased farm size (Soutar and Wallis, 1986). This 

correlation has also been found to be the case with production 

forestry in other countries such as America and Scotland 

(Greene and Blatner, 1986; Scambler, 1989). 

In relation to another socioeconomic influence, farm type, a 

New Zealand study found that farmers were more likely to use 

agroforestry practices if they were hill country graziers, but 

their primary objective was earning income from the trees 

rather than achieving the associated, less tangible, erosion 

control benefits (Morey, 1988). These farmers often preferred 

to plant shelterbelts or woodlots on steep, less productive 

parts of their farms, rather than take up land used for income 

generating purposes. Similar decisions of farmers, whether 

their main income source was from crops, livestock grazing, or 

a mixture of the two, have been reported throughout Australia 

(Dowling, 1985; Cary et al. 1986; Howett and Lothian, 1988; 

Barr et al. 1992). These studies have found that shrub and tree 

growing has generally been limited to revegetation of discharge 

areas and waterways, ridgetops, infertile deep sands, and 
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severely eroded farmland, leaving the best paddocks for 

agriculture. Neither farm size nor type have been tested in the 

study area as influences on involvement in agroforestry. 

Finally, other studies about soil conservation (Fry and Goss, 

1985) and revegetation (Coates, 1987) in the wheatbelt of 

Western Australia were also found relevant for describing the 

socioeconomic characteristics of farmers and farm families in 

the study area. While the former study identified that 

community group membership had an impact on the involvement of 

wheatbelt farmers in soil conservation, the present study was 

conducted at a time when there was minimal promotion of 

agroforestry by such groups in the study area. Hence research 

into communication networks has been considered of little 

relevance for the present study. Having considered these 

findings in other regions, the present study is the first in 

southern Western Australia to investigate the impact of farm 

size and other socioeconomic influences on the involvement of 

farmers in agroforestry. 

(2) Family Business Variables 

This second part of the section describing socioeconomic and 

family business variables identifies the extent to which 

agriculture as a family business influences farmer involvement 

in agroforestry. Twenty eight questions in this study's survey 

were specifically developed to describe (1) family structure, 

(2) indebtedness and (3) decision-making. From these questions, 

112 analysis of variance (ANOVA) tests were created to 

determine if any of these characteristics were associated with 

agroforestry involvement. 

The data to provide this information have come from two 

separate surveys conducted for this study. During the Great 

Southern Tree Growing Survey (GSTGS) pre-testing phase it was 

found that while questions about family decision-making were 

acceptable, questions about the structure and indebtedness of 

family farm businesses were too sensitive for most participants 

to respond to. It was evident that inclusion of such questions 

in the random sample survey (GSTGS) would most likely have 

resulted in a considerably lower response rate than was 

ultimately achieved. It therefore was determined to undertake a 
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subsequent telephone survey to collect data about the structure 

and indebtedness of farm businesses. A limited random sample 

survey using 112 (17 per cent) of the original survey's 655 

respondents was used. 

In relation to the three general types of questions in this 

section, previous research has identified their importance for 

describing the characteristics of farmers in both 

industrialised and industrialising country contexts. Within the 

context of the latter, family size, structure and stage of 

development, as well as financial liquidity and decision-making 

patterns have been recognised as important contributing factors 

to farmer involvement in agriculture (Bartlett, 1980; Rhoades, 

1984; Lynam, 1989), forestry (Bene et al. 1977; Arnold and 

Mnzava, 1985; Westoby , 1987), and agroforestry (Hoskins, 1984; 

FAO, 1985a; Hoskins, 1987). However, the general absence of 

information about these and related aspects of family 

structure, such as off-farm employment trends and the seasonal 

use of casual labour, has limited, for example, analysis of the 

adoption of a Burmese agroforestry system, taungya, in Nigeria 

(Ball and Umeh, 1982), as well as agroforestry generally in 

sub-Saharan Africa (Cook and Grut, 1989), and world-wide 

(Raintree, 1983b; MacDicken and Vergara, 1990). 

The context of industrialised country research was found to 

have been more relevant to the present study. This was 

primarily because of its emphasis on business oriented farmers 

in temperate climates. In contrast, studies in the 

industrialising nations were predominantly about subsistence 

farmers adopting new technologies in the tropical, subtropical 

and arid zones. There has been substantial research in other 

industrialised countries about agriculture as a family 

business. Changes occurring to family farm businesses as a 

result of increasing industrialisation have been a major theme 

in agricultural geography (Bowler, 1984). A wide range of 

factors affecting family farm business distribution, 

performance and stability have been considered in countries 

such as the U.S. (Harris and Gilbert, 1982; Gregor, 1982), the 

U.K. (Gasson et al. 1988; Whatmore et al. 1987a, 1987b), and 

New Zealand (Moran, 1988; Benediktsson et al. 1990). Further to 

this, there have been specific studies about the 
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characteristics of family farm businesses which were involved 

with tree growing in for example, Scotland (Scambler, 1989; 

MacBrayne, 1981), Sweden (Perikka, 1987), the U.S . (Fortmann 

and Huntsinger, 1986; Greene and Blatner, 1986) and New Zealand 

(Smaller and Meister, 1983; Revington, 1984; McKenzie and 

Trotman, 1985; Morey, 1988). 

(i) Family Structure 

With specific reference to comparable research on the first of 

the three general questions in this section, family structure, 

twelve representative studies have been identified which 

provided relevant information. This work has been oriented 

towards describing the impact on the farm business of (1) 

family size (Crane, 1988), (2) stage of farm and family 

development (Nalson, 1964; Mauldon and Schapper, 1974; Fry and 

Goss, 1985; Craig, 1986; Crane, 1988; Cary et al. 1989), (3) 

non-farm experience and employment (Craig et al . 1983; Fry and 

Goss, 1985; Reid, 1986; Coates, 1987; Crane, 1988 ; Barr et al . 

1992), as well as (4) labour and management relationships 

(Craig et al. 1983; Malajczuk et al. 1984; Cary et al. 1986; 

Crane, 1988). However, none of these studies has identified the 

relationship between family structure and agrof orestry 

involvement. 

Family Size and Stage of Development 

Larger family sizes have been reported to be associated with 

involvement in farm tree planting schemes in the 

industrialising country contexts of, for example, India (FAO, 

1983) and sub-Saharan Africa (Cook and Grut, 1989) . Another 

source has stated that, in general, the impact of family 

structure, and in particular size, composition and availability 

for work, must be considered in the design of agroforestry 

projects (Hoskins, 1987). There have been, however, no such 

relationships identified in the industrialised country context . 

In addition, variables about the stage of farm and family 

development which had been tested in New Zealand by 

Benediktsson et al. (1990) were replicated in the present 

study. These included variables about the number of children in 

pre-school, and the number living at home and away at boarding 

school or university . These researchers reported that the 

impact on household expenditure levels of increasing school 
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fees, particularly at the boarding school level, was associated 

with pluriactivity of women in off-farm employment. The three 

stages of family development which were previously defined by 

Gasson et al. (1988) in the U.K. were also tested for 

significance with involvement in agroforestry . Within the 

context of Australian research, no other studies have been 

identified which considered these aspects of family structure 

in relation to agroforestry involvement. In addition, no 

correlation has been found in this country between family stage 

and the development phase of the farm business (Mauldon and 

Schapper, 1974) . 

Non -farm Experience and Employmenl 

In other industrialised countries, non-farm experience and the 

need for outside income has been contrasted with (1) the 

difficulties in obtaining off-farm employment, particularly 

during times of economic recession in the more remote parts of 

the U. K. , and (2) the potential benefits of either on-farm or 

off-farm 'other gainful activity' (Gasson, 1988; Gasson et al . 

1988) . In New Zealand, as well, the importance of pluriactivity 

for family farm performance, particularly during unfavourable 

economic times, has been identified. Women who had older 

families were most associated with this activity, as well as 

the men with small farms which increasingly required 

supplemental income to maintain viability (Benediktsson et al . 

1990) . In the U. S. , woodland owners who were both wage earners 

and farmers were associated with positive management 

characteristics (Greene and Blatner, 1986) . With regard to 

Australian research , a study in Victoria correlated increased 

levels of concern about soil salinity with reduced dependence 

on farm income as the sole source of support (Barr et al . 

1992). These findings were similar to those of a study in South 

Australia which reported that full time farmers were less 

likely than others to have signed up for Heritage Agreements to 

preserve their native bush (Craig et al . 1983) . 

No other studies in this state have been undertaken on the 

impact of non-farm experience and income on agroforestry 

involvement . However, three other research projects in this 

state have collected data about the presence of income sources 

from non-farm jobs . These studies did not report i f there was 
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any association with, respectively, soil conservation behaviour 

(Fry and Goss, 1985), native vegetation retention (Coates, 

1987) or economic hardship (Crane, 1988) . 

Family Labollr and Management RelatiollS 

Research in other industrialised countries about the labour and 

management relations of family farm businesses was found 

particularly relevant to the present study. In the U.K. 

insufficient farm sizes were associated with children having 

left the farm (Gasson et al. 1988). Also in the U.K., the 

presence of heirs was associated with increased farmer 

involvement in long term investments such as forestry 

(Scambler, 1989), as well as the continued development of 

successful family farm businesses (Gasson et al. 1988). 

Likewise, in New Zealand, heirs working on the family property 

were identified as having been important influences on the 

performance of smaller intensive farms, rather than the larger 

ones which utilised more outside labour (Benediktsson et al. 

1990). In addition to this, these New Zealand researchers 

correlated the number of children who had left the farm with a 

decreased intensity of farm work. Studies in the U.K. have also 

considered the impact of labour availability and economic 

hardship on family farms as businesses (Gasson et al. 1988; 

Whatmore et al. 1988a, 1988b). Similar research in this state 

has been identified which assessed (1) the possible need for 

providing seasonal labour for agroforestry projects in the high 

rainfall zones of the southwest (Malajczuk et al. 1984), and 

(2) farm management options during periods of drought and 

economic uncertainty in the northeastern wheatbelt (Crane, 

1988). 

(ii) Indebtedness 

With regard to the relationship between farm indebtedness and 

the decisions of family farmers, several studies were 

identified which were comparable to the present study. The 

impact of indebtedness on involvement in agroforestry has been 

considered within the context of the respondents' levels of 

farm equity and interest payments. 

Equity Levels 

In the U.K., the conflict between maintaining equity in family 

farm businesses and improving their general efficiency has been 
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described (Whatmore et al. 1987a, 1987b; Gasson et al. 1988). 

Further to this, in New Zealand, varying relationships 

associating equity levels with the farm owner's age, duration 

of farm occupance and pluriactivity by both men and women have 

also been reported (Moran, 1988; Benediktsson et al. 1990). 

The impact of farm equity levels on agroforestry involvement in 

the study area or similar regions of this country has not been 

previously considered. Notwithstanding this, there has been 

implicit awareness of the issue by governmental recognition of 

the need for cost sharing schemes to encourage farmer adoption 

of both agroforestry (Malajczuk et al. 1984), and forestry 

(Soutar and Wallis, 1986) in higher rainfall areas to the west 

of the study area. Similar schemes, implemented in other states 

during the time of the Great Southern Tree Growing Survey, have 

been aimed at increasing forestry production in rainfall zones 

above 700rnrn (Prinsley, 1991) . Australian research has also 

identified the constraining impact of overdraft loan interest 

payments on farmers' decisions. These have evaluated general 

business strategies of farm businesses as well as their 

adoption of land management practices in both Victoria (Cary et 

al. 1986; Vanclay and Cary, 1989), and Western Australia 

(Gwynn, 1987; Crane, 1988). 

Interest Payments 

The general issues related to family farm business investments 

requiring increasingly difficult to meet interest repayments 

have been reported in the industrialised country contexts of, 

for example, the U.K (Whatmore et al. 1987a; Gasson et al. 

1988), and New Zealand (Benediktsson et al. 1990). In Victoria 

the general relationship between indebtedness and awareness of 

land degradation has been considered by two studies. In that 

state, interest rates were reported by farmers to have been a 

greater problem than soil salting (Vanclay and Cary, 1989), 

along with low farm incomes, high farm costs and inadequate 

local services (Barr et al. 1992). In addition, another study 

in Victoria found that 'expense and general lack of finance' 

were the major reasons reported by farmers for not having more 

trees on their properties (Cary et al. 1986). With regard to 

research in Western Australia, Gwynn et al. (1987) found that 

farm debt as a percentage of income was not associated with the 
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presence of wind erosion on properties in five shires that were 

located in the southern part of the study area. Hence no 

research, other than the present study, has considered the 

relationship between levels of interest payments and the 

involvement of farmers in agroforestry. 

(iii) Family Decision-making and Control 

The third, and last, group of questions in this section 

contained five sets of variables which described the structure 

of family decision-making about overall farm management, and 

the growing of shrubs and tree. In the industrialising nations, 

studies have identified the important role of women in 

decision-making about farm management, and increasingly in 

relation to agroforestry (Fortmann and Rocheleau, 1984, 1985; 

Hoskins, 1987). Research in this and other industrialised 

countries has also found comparable divisions of decision

making within farm families. For example, in New Zealand, men 

were found to have been generally responsible for farm 

management, but they shared decisions with their wives over the 

buying and selling of farmland, as well as household 

expenditures (Benediktsson et al. 1990). In contrast, studies 

in the U.K. have reported that despite insufficient analysis, 

the importance of women in farm decision-making has been 

correlated to increasing farm sizes, with their manual work 

responsibilities inversely related to this (Gasson et al . 

1988). 

Within the context of Australian research, two studies were 

found relevant which had identified the varying roles of family 

members in decision-making about land management issues (Fry 

and Goss, 1985 ; Vanclay and Cary, 1989). In the first instance, 

the structure of family decision-making and the level of soil 

conservation involvement were not found to have been associated 

in the Western Australian wheatbelt (Fry and Goss , 1985) . In 

that survey men made the decisions about soil conservation, and 

no cases were reported where such decisions were equally 

shared. 

In the second instance, echoing the concerns of Gasson et al. 

(1988) in the U.K. about the limited research on these issues, 

Vanclay and Cary (1989) identified that in Victoria the 
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influence of farm wives on their husbands ' farm management 

decisions in general had not been sufficiently considered . In 

addition they reported that this was also the case with 'new 

issues ' such as soil salting. These researchers reported that 

the farme rs who had not discus s ed farming issues with their 

wives had less knowledge about soil salting than the other 

farmers who had done so . The se findings have suggested that the 

process of family decision-making about agroforestry in the 

study area can also be considered as a new issue which requires 

further analysis . 

With regard to control ove r family decision-making about 

agroforestry , the only comparable research in this country 

report e d farmers ' concerns about this in Victoria (Woolcott 

Researc h , 19 90 ) . According to the farmers in that study , bank 

manage r s had been pressuring them to achieve maximum 

productivity for loan repayment objectives , to the detriment o f 

land degradation control . Similar findings related to 

unfavourable decision-making control of firms by bankers and 

other creditors have been reported in the U.K . (Gasson et al . 

1988) . No other studies about family decision-making control in 

relation to agrof o r e s try in this or other industrialised 

countries have been identified . However, comparable research on 

the family farm business in general has reported the potential 

for male dominance in family decision-making, even about issues 

in which they have minimal involvement (Craig and Killen, 1984 ; 

Killen , 1986 ; Benediktsson et al. 1990) . 

2.3 INFORMATION, INCENTIVES , ATTITUDES AND 
MANAGEMENT DECISION-MAKING VARIABLES 

This sect i on of Chapter Two adds to the previous discussion 

about socioeconomic and family business-related variables by 

describing the theoretical background behind selection of three 

more sets of variables . The following three parts of this 

section provide a background to this study ' s testing of the 

relationship between involvement in agroforestry and variables 

that describe : (1) technical information and financial 

incentives for agroforestry , (2) attitudes to agroforestry 

practices and management ; and (3) management decision-making. 
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( 1) Technical Information and Financial Incentives for Agroforestry 

A series of twenty-one questions was developed to describe the 

respondents' awareness and use of technical information and 

financial incentives for developing agroforestry in the study 

area. These questions were classified into three categories of 

enquiry which described (1) the respondents' general awareness 

of agroforestry and its relevance for their property or 

properties, (2) their views about technical information sources 

on agroforestry, and (3) their needs for financial incentives 

to develop agroforestry. The importance of collecting 

information from farmers about their experiences with using 

land management technologies has become increasingly recognised 

as an essential step in the development of a user's perspective 

to guide research (Groenfeldt, 1989) . 

(i) General Understanding of Agroforestry 

The first of the three categories of questions, which described 

the respondents' general understanding of agroforestry as a 

land-use practice, collected information about farmers' 

understanding of what the term agrof orestry meant to them, and 

the relevance of this for their property or properties. At the 

time of the survey it was not possible to ascertain the extent 

to which study area farmers knew what agroforestry involved. No 

comparable research could be drawn upon to determine the extent 

to which the awareness levels of farmers about agroforestry had 

influenced their involvement. During the pre-survey testing 

phase of this study, farmers often confused the term 

agroforestry with livestock grazing on pastures which were 

interplanted with wide-spaced pines. This was a system 

developed in the early 1970s in the higher rainfall zones of 

New Zealand (Knowles, 1987; Morey, 1988) and had become a part 

of the wider definition of agroforestry practices in Australia 

(Moore, 1986a; Anderson, 1989) , and internationally (King, 

1987). In addition to this general question about agroforestry, 

the respondents were asked about the impact of agroforestry 

practices on fire and wind control. While a range of other 

specific questions about agrof orestry could have been selected 

for testing, these two were considered to be representative of 

contemporary issues which both farmers and scientists had been 

involved with to varying degrees at the time of the survey. 
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Fire Control Knowledge 

The first of these sets of specific knowledge questions 

identified the level of the respondents' awareness about the 

relationship between agroforestry and fire control. Throughout 

Australia, fires have become an increasing threat to 

agricultural enterprises, particularly in situations where 

remnant vegetation and tree plantings have not been managed in 

a manner which is conducive to reducing fuel hazards and 

slowing wind speeds across farm paddocks (Cheney, 1985). The 

only research relevant to the present study about the extent of 

farmers' understanding on this issue did not evaluate their 

understanding about vegetation management and fire control 

(Coates, 1987) . However, that researcher did report that 60 per 

cent of Western Australian wheatbelt farmers did not think that 

the presence of native vegetation contributed to fire hazards. 

Hence the present study has contributed new information about 

this issue by having identified if involvement in agroforestry 

was associated with the respondents' awareness of these issues. 

In the first instance, they were asked if fire hazards were 

being created by the increased amount of tree growing in recent 

years, and subsequently if they knew about the potential fire 

control benefits associated with species selection and the 

siting of vegetation to reduce the speed of fire movement 

across paddocks. 

Wind Control Knowledge 

The second set of specific knowledge questions evaluated the 

extent of the respondents' awareness about another agroforestry 

practice which was relevant to conditions in the study area, 

windbreak plantings. The extent to which respondents in the 

study area were aware of the benefits of windbreaks was 

uncertain. However, a study which was done in several of the 

most wind affected shires in the study area found that farmers 

who reported having wind erosion problems were unlikely to have 

had shelterbelts or windbreaks on their properties (Gwynn et 

al. 1987). Hence the respondents were asked if they had any 

experience with windbreaks reducing economic losses to crops, 

stock and soils, and to what distance downwind of windbreaks 

protection could be expected. Research into the use of 

windbreaks has been undertaken in many countries (Brandle et 

al. 1988), in semi-arid areas (Ritchie, 1988b), Australia in 
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general (Bird, 1984a, 1984b; Lynch, 1989; Negus, 1991), and the 

study area in particular (Bicknell, 1991). 

However, there have been no studies in this country, other than 

the present one, which identified the extent of farmers' 

knowledge about windbreaks. The general lack of farmers' 

knowledge about windbreaks has been reported in the U.S. 

(Bagley, 1976; Heathcote, 1980a; Fewin and Helwig, 1988; 

Dishongh, 1991), and internationally (Sturrock, 1988:9). 

According to Sturrock : 

Undoubtedly many farmers underestimate the value of shelter, are unaware 
of the benefits and make no attempt to understand forestry. They identify 
inadequately designed and poorly managed shelter with the problems they 
have had with their own shelter. Development of farm-scale forestry depends 
greatly on the individual farmer's interest, knowledge, managerial skills and 
perceptions of the value of trees, whether for timber, fuel, shelter, wildlife or 
amenity. 

Only Dishongh (1991) in the U.S. has questioned the extent to 

which farmers pass through varying stages in the decision

making process about establishing windbreaks as a management 

practice on their properties. She suggested that they might 

have been collecting information of varying degrees of 

sophistication from different sources during this process, for 

example, family traditions, personal contacts, literature or 

technical agencies. Hence the present study has contributed to 

this enquiry by having considered the relationship between 

involvement in agroforestry and the respondents' awareness and 

use of information about windbreaks in the study area. 

(ii) Technical Information and Agroforestry 

The second general type of question in this section has 

considered the impact of the respondents' experiences with 

technical information on their involvement in agroforestry. In 

the first instance, the survey farmers were asked to list the 

written information sources about agroforestry practices that 

they considered to be useful. The availability of such 

information for Australian farmers (Batini, 1978), and 

temperate zone agrof orestry in general has been questioned 

(Byington, 1990). The first national report on Australian 

agrof orestry stated that many Western Australian farmers were 

not knowledgeable enough to successfully implement a tree 

growing programme (Borough and Brett, 1982) . Western Australian 

farmers were reported to have been ill-informed about forestry 
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and tree crops, which prejudiced their preferences for 

practising traditional forms of agriculture rather than 

agroforestry (Malajczuk et al. 1984). In the central wheatbelt 

of Western Australia, a minority of farmers were reported to 

have had a farm plan which could form the basis for 

agroforestry and soil conservation-related improvements. This 

information had been made readily available since the Soil 

Conservation Act of 1945 (Fry and Goss, 1985). More recently, 

research in Queensland found that few farmers were aware of the 

available information sources about a forage shrub, Leucaena 

leucocephala, which had been successfully grown for about 

thirty years (Lesleighter and Shelton, 1986) . 

The responses from the farmers in the study area about their 

written information sources on agroforestry were grouped 

according to their technical sophistication. These groupings 

were then used to describe the respondents' understanding about 

agroforestry. No previous studies have attempted to determine 

if the technical level of written information sources used by 

farmers influenced their involvement in agroforestry. However, 

previous research has correlated the sources of information 

used by farmers with their decision-making about agricultural 

innovations in general (Rogers, 1983), as well as agroforestry 

in New Zealand (Morey, 1988) and forestry in the U.K. 

(Scambler, 1989). Research which was relevant to the study area 

has evaluated the relationship between the source and use of 

written information, and the involvement of farmers in tree 

planting and soil conservation in general. Concerns over the 

availability of information about agroforestry for farmers have 

been raised at the national level (Anderson, 1991; Prinsley, 

1991), as well as in southeastern Australia (Ritchie, 1988a), 

and in Western Australia (Batini, 1978; Scott, 1990). Despite 

this general problem, progressive farmers involved with 

agrof orestry throughout Australia were found to have used a 

diversity of written information sources about this subject 

(Reid and Wilson, 1985; Reid, 1986). Likewise, there have been 

reports about the types of agroforestry information used by 

average farmers in both Victoria (Cary et al. 1986; Anon, 1988; 

Woolcott Research, 1990), and South Australia (Craig et al. 

1983; Howett and Lothian, 1988). 
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With regard to the situation in Western Australia, farmers in 

the high rainfall zone to the west of the study area were found 

to have had favourable views about the helpfulness of farming 

information from the Forests Department (now CALM), DAWA and 

local shires, while they held unfavourable opinions about other 

State government agencies (Soutar and Wallis, 1986) . No similar 

research about professional information sources relevant to the 

present study about agrof orestry had been undertaken in the 

study area as a whole. However, comparative information was 

available from two Western Australian wheatbelt surveys about 

farmers' information sources about soil conservation (Fry and 

Goss, 1985), and revegetation (Coates, 1987) . 

Mass Media Information Sources 

The extent to which the respondents thought that mass media 

information sources, such as radio or television, were useful 

was also uncertain . In New Zealand, media techniques were found 

to have been of low utility for agricultural extension 

(Fairgray, 1979) . However, research in the U.S . had reported a 

relationship between farmer decision making and their use of 

marketing news services (Wilkening, 1950; Ford and Babb, 1989). 

These researchers reported that the more experienced, 

progressive farmers tended to use impersonal sources such as 

radio and television more than other farmers. In relation to 

the present study, there has been a substantial increase in 

media coverage of Australian environmental issues over the last 

few years, but coverage of tree-related issues has been mainly 

concerned with the anti-logging movement rather than land 

degradation (Woolcott Research, 1990) . In a survey of farmers 

in Victoria, the radio and television were ranked as the third 

most important of nine sources of information about farming in 

general (Vanclay and Cary, 1989) . However, Reid (1986) reported 

that progressive farmers involved with agroforestry gave mass 

media sources very low ratings for their usefulness. With 

regard to tree growing, again in Victoria, media influences 

were reported as having influenced farmers' involvement in tree 

growing, as well as being their source of first information on 

Farm Tree Groups (Cary et al. 1986). Likewise in South 

Australia research results indicated that there was a 

relationship between the use of mass media information sources 

and the number of applications by farmers for Heritage 
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Agreements and Land Clearance Permits (Craig et al. 1983). In 

Western Australia, no association was found between exposure to 

electronic media and the use of progressive herd recording 

procedures by dairy farmers in the coastal high rainfall zone 

to the west of the study area (Fry and Goss, 1985). No similar 

research, other than the present study, has been undertaken 

into the influence of mass media sources on involvement in 

agroforestry in the study area. 

Informal Information Sources 

The impact of the respondents' use of non-written information 

sources and personal contacts on their involvement in 

agrof orestry has also not been sufficiently explored in the 

study area. In the first instance, the respondents were asked 

who had arranged seminars or field days on tree planting and 

management within the last five years in their area. Concern 

over farmers' awareness of such activities had been previously 

raised in Victoria, where 70 per cent had not heard of group 

extension activities which had occurred in their districts 

(Brewin, 1980). Comparable information had also been collected 

in the Western Australian wheatbelt in a study which correlated 

field day attendance and organisational membership to 

progressive soil conservation behaviour (Fry and Goss, 1985). 

In the second instance, the extent to which involvement in 

agroforestry was associated with farmers in the study area 

having known others who had been successfully using 

agroforestry practices was tested. While no research about 

this, or related subjects, had been previously undertaken in 

the study area as a whole, Fry and Goss (1985) did identify 

that progressive farmers using minimum tillage practices in the 

Western Australian wheatbelt were likely to have had regular 

contact about this subject with other farmers. Similar research 

in innovation diffusion theory has suggested the importance of 

evaluating the extent to which the people or firms who were not 

early adopters depended upon knowledge acquired from others to 

make decisions. For example, studies have been undertaken about 

the impact of this on soil conservation and tree planting in 

Victoria (Cary et al. 1986), sales of farm products in the U.S. 

(Ford and Babb, 1989), and sales of technologically complex 

innovations in the U.K. (Alderman, 1990). In a similar way, the 
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present study has enquired into the extent to which informal 

learning processes have contributed to the involvement of 

farmers in agroforestry. 

Tecluiical Information Needs 

Finally, the impact of the respondents' needs for technical 

information about shrub and tree growing, and bush management 

practices was considered. While no research on this subject in 

Western Australian had been identified which was relevant to 

defining the respondents' technical information needs on 

agroforestry, studies in other parts of this country have 

provided useful information . For example, Victorian farmers 

were associated with having wanted more information on farm 

improvement and tree growing in general, as well as whole farm 

planning and the Potter Farmland Plan in particular (Cary et 

al. 1986; Woolcott Research, 1990). Likewise in South 

Australia, farmers have reported their needs for technical 

information on planning large scale planting projects, pest 

control, cheaper tree protection and watering methods, as well 

as how to reduce the loss of economic viability by tree 

planting (Dowling, 1985; Howett and Lothian, 1988). 

(iii) Financial Incentives and Agroforestry 

The third and last of the general information-related questions 

in this section has described the relationship of financial 

incentives to the involvement of respondents in agroforestry. 

The extent to which involvement in agroforestry was influenced 

by their awareness of taxation policies was uncertain as no 

other research relevant to the situation in the study area had 

been undertaken. Likewise, no previous studies had been 

completed in the study area about the impact of tree growing 

incentive schemes and possible fencing subsidies on the 

involvement of farmers in agroforestry. 

International Incentive Schemes 

One of the first global reports by the World Bank about the 

potential for encouraging industrialising country farmers to 

grow trees stated that they were quite susceptible to various 

forms of financial incentives (World Bank, 1978) . During the 

1980s a substantial amount of development assistance funds were 

directed from traditional forestry projects into agroforestry 

(Spears, 1987). However, studies have found that farmers varied 
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considerably in their willingness to participate in tree 

growing incentive schemes (Arnold, 1984; Gregerson, 1984; FAO, 

1985a; Tschinkel, 1987). With regard to the industrialised 

country context of the present study, comparable findings in 

New Zealand, Scandinavia, the U.K., and the U.S. have been 

reported about farm forestry (Smaller and Meister, 1983; 

McKenzie and Trotman, 1985; Greene and Blatner, 1986; Scambler, 

1989), as well as agroforestry (Swain, 1987; Milligan, 1988; 

Morey, 1988). While in most cases a range of incentives such as 

cost sharing, grants and tax deductions have been successfully 

used, farmer involvement was reported to have been limited by 

difficulties in allocating time and resources to activities 

beyond their normal agricultural enterprises. The extent to 

which this was the case in the study area was uncertain. In 

addition, these overseas studies about the effectiveness of 

financial incentives were undertaken in high rainfall regions, 

quite distinct from the situation in the study area where 

suitable conditions for commercial tree growing were limited. 

Australian Incentive Schemes 

Incentives for farm tree growing were available before the 

present study in New South Wales, South Australia, Tasmania and 

Victoria (Borough and Brett, 1982) . Similar to this, there were 

also incentive schemes for fencing off bushland with native 

vegetation on farmland in New South Wales, South Australia, 

Tasmania and Victoria (Johnston, 1987). The views of 

landholders about these incentives to encourage their use of 

tree planting and bush management have also been reported 

(Sinden and Schaefer, 1969; Craig et al. 1983; Dowling, 1985; 

Cary et al. 1986; Howett and Lothian, 1988; Chamberlain, 1989; 

Vanclay and Cary, 1989; Campbell, 1990 ; Woolcott Research, 

1990) . In Western Australian as well, information has been 

collected on the views of farmers about their needs for bush 

fencing incentives in the wheatbelt and two shires in the 

northern part of the study area (Coates, 1987). However, in 

this state most research about financial incentives to 

encourage agroforestry has been undertaken in regions with 

rainfall levels above 600mm per annum, to the west of the study 

area (Malajczuk et al. 1984; Soutar and Wallis, 1986; Shea and 

Bartle, 1988) . 
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During the time of the present survey, in the higher rainfall 

parts of the study area, there were four financial incentive 

schemes for tree growing available to farmers. One of these was 

a private firm's tree growing warranty scheme, which was 

available to farmers in lower rainfall areas as well. However, 

in only two cases has there been information produced about the 

relationship of these financial incentives and taxation 

policies to the involvement of farmers in agroforestry. In the 

first instance, a progressive farmer from Esperance shire 

reported to a meeting of the National Agroforestry Working 

Group that taxation arrangements constrained the involvement of 

farmers in agroforestry (Grewar, 1986). In the second instance, 

the Senate Select Committee into Land Conservation (1991) 

identified that there had been insufficient alteration of the 

Commonwealth Government's Income Tax Assessment Act 1936 to 

encourage sustainable land management in general, and farm 

forestry in particular. Hence the present study developed a 

series of questions to identify the relationship between 

financial incentives and the involvement of farmers with 

agroforestry practices. However, during the pre-testing phase, 

farmers were found to have been unwilling to provide personal 

information on the extent to which they used the available 

incentive schemes. They did, however, respond to questions 

about their needs for financial incentives which could increase 

their level of involvement in agroforestry. This information 

has thus provided new insights into the views of farmers about 

financial incentives for agroforestry in the lower rainfall 

areas of southern Western Australia. 

(2) Attitudes to Agroforestry Practices and Management 

This second grouping of variables identifies the attitudes 

which influence the survey farmers' involvement in 

agroforestry. Twenty four questions, some requiring multiple 

responses, were developed to describe the survey farmers' 

attitudes to agroforestry plantings and bush management. These 

questions varied in content, describing (1) the level of 

commitment and experience they had with agroforestry, (2) their 

reasons for agroforestry involvement , and (3) their views on 

several aspects of the economics of these different activities. 

From these three general types of questions, 370 analysis of 
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variance (ANOVA) tests were created to determine the extent to 

which farmers' attitudes to agroforestry practices and 

management vary according to the three categories of 

involvement. While previous studies which are relevant to the 

study area have described farmers' attitudes to similar 

subjects, the present study contributes new information by 

associating their attitudes with involvement in agroforestry. 

(i) Commitment and Experience with Agroforestry 

With regard to the respondents' commitment and experience with 

agroforestry, no research either in this country or overseas 

has been identified which collected information directly 

relevant to the situation in the study area. Six sets of 

variables were tested to determine the extent to which the 

respondents' involvement in agroforestry was influenced by 

their commitment and experience with agroforestry. These 

described (1) if the farmers had made a conscious decision to 

implement various agroforestry practices, (2) their level of 

farm tree growing experience, (3) their need for any of the 

varying types of agroforestry practices, (4) their willingness 

to initiate a seminar or field day about shrubs and trees, and 

(5) how many people they discussed these subjects with. 

A sixth set of variables considered the relationship between 

the respondents' preferences for native or exotic species and 

their involvement in agroforestry. The controversial nature of 

species selection has not been a well recognised problem 

shaping farmers' attitudes to agroforestry. In a study of the 

reasons Costa Rican farmers grew trees, it was found that their 

criteria for selection of native or exotic species were 

frequently entirely different from the generally narrow focus 

of the foresters on wood yield and quality (Jones and Price, 

1985) . This issue was determined to be important enough for 

inclusion in the survey questionnaire because of the increasing 

public pressure, particularly from the environmental lobby, for 

farmers to replant degraded farmland exclusively with 

indigenous native species. 

While no such bias has been officially promulgated by the 

relevant government Departments, dialogue on the subject has 

occurred at conferences, in industry trade journals and the 
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rural press. Concern for the preservation of native species in 

light of biophysical changes to the environment caused by 

agricultural practices and the greenhouse effect has been 

raised by numerous people (Nadolny, 1991). While there have 

been few surveys about farmers' attitudes on the subject, their 

sentiments against pine trees were reported to the west of the 

study area in the higher rainfall southwest (Malajczuk et al. 

1984; Soutar and Wallis, 1986). In addition, two studies with 

relevance to the study area have collected information from 

farmers about this subject. The first of these found that 61 

per cent of the survey farmers in the Western Australian 

wheatbelt were interested in using indigenous native species 

for revegetation (Coates, 1987), and similarly in South 

Australia 68 per cent of survey farmers preferred native 

species (Dowling, 1985). Considerable research and practical 

on-farm demonstrations have suggested, however, that a range of 

both native and exotic species were suitable for farm plantings 

at the time of the survey (Parker, 1990). According to Parker, 

farmers who limited their selection of shrubs and trees to only 

native species could not achieve the potentially best results 

with agroforestry. 

(ii) Reasons for Agroforestry Involvement 

With regard to the second general type of attitudinal question, 

the farmers' reasons for agroforestry involvement in the study 

area have also not been described in previous research. 

However, studies of other regions , both nationally and 

internationally, were drawn upon for comparative purposes. The 

reasons for the survey farmers' involvement in agroforestry 

were assessed in a series of six questions. These described (a) 

the reasons for their original interest, (b) their purposes for 

growing shrubs and trees during two time periods, and (c) their 

ranking of the importance of these practices for their 

properties. 

In the context of industrialising countries, reports on 

farmers' reasons for agroforestry involvement have offered 

comparative insights to the present case study of southern 

Western Australia. For example, in the United Nations' 

evaluation of the social forestry program in Gujarat, India, it 

was noted that the reasons for farmer involvement were 
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associated with their socioeconomic characteristics. Most of 

the program's farmers were wealthy, with larger sized 

properties than the average. The main reason these farmers gave 

for participating in the program was to grow eucalypts for cash 

income . In contrast, subsistence farmers who were not program 

participants were reported to have grown eucalypts and a range 

of other non-commercial species, including fruit trees and 

traditional species on their properties. These people were 

using the eucalypts, like the other species on their land, to 

meet their immediate needs of fuelwood, small building 

materials and stock fodder (FAO, 1983) . Similar findings were 

reported in a comprehensive review of eleven tree planting 

projects in Central America (Tschinkel, 1987). As with the 

Gujarat farmers who participated in the social forestry 

program, the wealthier Costa Ricans who had larger properties 

were also more economically motivated and involved in tree 

planting projects. Hence in these two cases, the farmers' 

attitudes to agroforestry practices and management could at 

least have been partially attributed to socioeconomic type 

factors such as farm size, and income. 

In Australia and other industrialised countries there have been 

many studies of farmers' reasons for participating in 

production oriented forestry. Such studies afford limited 

comparative information to this one because of their emphasis 

on the quantification of economic benefits rather than the long 

term, land care objectives of most survey farmers. The low 

rainfall conditions in most of the study area have restricted 

the potential for farmers to consider growing trees for wood 

production. Producing fuelwood for sale to urban consumers, and 

timber for on-farm construction use were rarely listed as 

reasons for agroforestry involvement by survey farmers. 

However, in the higher rainfall zones of the study area, above 

600mm, wood production for these and other land degradation 

control objectives was considered to be economic by State 

government Departments (Shea and Bartle, 1988; CALM, 1990) . 

Comparable Research About Reaso!!S For In volvement in Agroforestry 

This secrion's description of farmers' reasons for agroforestry 

involvement was found to have been most comparable to the work 

of nine Australian and New Zealand researchers (Dowling, 1985; 
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Fry and Goss, 1985; Pryde et al. 1985; Cary et al. 1986; 

Coates, 1987; Rickson et al. 1987; Morey, 1988, Vanclay and 

Cary, 1989; Woolcott Research, 1990). To varying degrees, they 

have concentrated on assessing the farmers' attitudes to 

agroforestry and related land management practices. In the 

first instance, with regard to the reasons for the involvement 

of New Zealand farmers in agroforestry, two studies (Morey, 

1986; Pryde et al. 1985) identified that shade and shelter were 

the major concerns causing plantings of windbreaks and 

shelterbelts. In addition, the results of these two studies 

indicated that wind erosion was not as significant a reason for 

agroforestry involvement to these samples of farmers as it was 

in the seven other studies of Australian farmers. 

The most recent relevant study of Australian farmers was 

undertaken on behalf of the national semi-governmental 

organisation, Greening Australia Inc. (Woolcott Research, 

1990) . In only one of the three districts in Victoria, where 

their interviews with farmers were held, was there unanimity 

about their reasons for farm tree planting. According to the 

Woolcott study, reasons for agroforestry involvement vary 

considerably between farmers and regions. For example, the 

Hamilton farmers of southwestern Victoria were convinced of the 

value of trees for sheep protection from cold, windy weather. 

However, both in Hamilton and two other Victorian farming 

districts the farmers were uncertain of the value of tree 

planting to reduce soil degradation or maximise production. 

Most of these farmers in the Woolcott Research study did agree 

that tree planting could eventually result in long term soil 

improvement. However, there were a number of short term 

measures raised which they thought could achieve the same soil 

conservation objectives. The present study's survey farmers in 

southern Western Australia gave the same reasons for tree 

planting as these Victorian farmers. 

The second Australian study which provided information relevant 

to explaining farmers' reasons for agroforestry involvement was 

undertaken in Queensland by Rickson et al. (1987). Their 

research identified the importance of assessing the physical 

and biological problems causing land degradation, and the 

farmers' perceptions of them. In their study, 89 per cent of 
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the farmers did not think that erosion was a major problem on 

their farms, despite considerable research and publicity to the 

contrary. Further to such problems in perception, Rickson found 

that a substantial portion of farmers' attitudes to land 

management were shaped by their views on the short and long 

term risks and benefits associated with soil conservation 

practices. In a similar manner, Vanclay and Cary (1989) 

reported low levels of farmer knowledge about the soil salting 

process in Victoria. Only 44 per cent of the farmers in their 

survey had a correct understanding of the early signs and 

causes of salinity, or the possible control measures. Hence the 

present survey in southern Western Australia also collected 

information on the extent of farmers' awareness of land 

degradation on their properties. 

In addition to the three previous studies, the following 

contemporary studies were found to have been relevant for 

explaining the respondents' reasons for agroforestry 

involvement. Cary et al. (1986) found that Victorian farmers 

ranked their main reasons for farm tree planting as : (1) shade 

and shelter plantings, (2) landscape improvement (aesthetics), 

(3) wildlife habitat, (4) replacing dead trees in paddocks to 

counter tree decline, and (5) the control of salinity and 

waterlogging. Fry and Goss (1985) found farmers in the central 

wheatbelt of Western Australia were involved in tree planting 

for very similar reasons : shade and shelter (74 per cent), 

aesthetics (59 per cent), wind erosion control (50 per cent), 

and salinity control (46 per cent). 

In the sixth study of relevance to the present study, Coates 

(1987) reported that her sample of wheatbelt farmers had the 

same reasons for replanting as the previous survey by Fry and 

Goss. However, in the Coates survey the order of ranking was 

(1) wind erosion, (2) shade and shelter, (3) salinity control 

and (4) aesthetics. Aesthetics was thus a considerably less 

cited reason for tree planting in the Coates study than it was 

for Fry and Goss. In the seventh relevant study, Dowling (1985) 

reported that South Australian farmers' attitudes to 

agroforestry were primarily motivated by (1) providing 

environmental benefits like aesthetics and wildlife 

enhancement, (2) controlling land degradation from wind, water 

100 



and salinity, and lastly (3) gaining economic benefits from 

firewood, improved productivity and land values. Even though in 

Dowling's survey 80 per cent of respondents cited aesthetic 

improvements as their major motivating factor for involvement 

in agroforestry, a close 76 per cent of Dowling's farmers 

reported that provision of shade and shelter was their main 

reason. 

Hence the results of the previous nine surveys, which were 

considered to be the most relevant to the present study , have 

provided a useful comparative background for this section's 

description of the survey farmers' reasons for agroforestry 

involvement. There were two major differences between these 

surveys (1) wind erosion was not recognised by the New 

Zealand farmers as such a severe problem as it was in the 

Australian studies, and (2) there were different rankings of 

the reasons for agroforestry involvement in these surveys. 

There was, however, general unanimity of opinion among all the 

farmers in these surveys that shade and shelter plantings were 

highly ranked reasons for involvement in agroforestry . 

(iii) Economics of Agroforestry Practices 

The third general type of question, dealing with farmers' 

attitudes to agroforestry, described their views on the 

economics of these land-use practices . There has been a 

substantial amount of Australian research which has analysed 

the economics of site specific crops , production systems, and 

soil conservation practices. However, the study by Rickson et 

al . (1987) of 92 farmers in the Darling Downs area of central 

Queensland considered a broad range of environmental 

conditions, crops, and farm sizes. This research was found to 

have been quite relevant to the present study. The findings of 

those Queensland researchers suggested that farmers' assessment 

of the economics of soil conservation practices was not only a 

function of the extent to which they considered erosion was a 

problem on their properties, but also if they thought that soil 

loss affected crop yields. In relation to the former, sixty

three per cent of survey farmers reported that land degradation 

problems were a threat to their property's production. However , 

with regard to the latter, at the time of the present survey 

there was no quantitative information available about whether 
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or not farmers in the study area associated soil losses with 

declining crop yields. It was not an aim of the present study 

to collect such information. Hence this study's questions which 

described the farmers' views on the economics of agroforestry 

were framed within the context of the first part of Rickson's 

argument. Three similar studies which could have provided 

comparable information about farmers' attitudes towards the 

influence of land management practices on soil loss and crop 

yield did not collect this data. Instead, these studies 

concentrated on (a) communication factors influencing the 

adoption of minimum tillage in Jerramungup Shire (Fry and Goss, 

1985) , (b) the causes and effects of wind erosion in the south 

central part of the study area (Gwynn et al. 1987), and (c) the 

technical and economic aspects of developing agroforestry 

initiatives in the Manjimup Shire, to the west of the study 

area (Malajczuk et al. 1984). 

While the rural press has regularly reported on the bush 

management, and shrub and tree growing activities of farmers, 

very few articles have provided actual economic figures on the 

benefits achieved. For example, in one of the three rural 

magazines in Western Australia, Western Farmer, during the time 

of the survey, 1988-1989, there were about 222 articles on 

these subjects, but only 4 provided quantitative results. The 

three sets of questions in the present survey about the 

respondents' views on the economic aspects of agroforestry in 

the study area therefore have provided new base-line 

information. These questions described (a) risk sensitivity 

related to the farmers' willingness to borrow money for growing 

shrubs and trees, (b) their views on the relative economics of 

the different types of agroforestry practices in the study 

area, and (c) whether or not they had quantitatively assessed 

any benefits from agroforestry type interventions on their 

property. 

(3) Management Decision-making 

This set of variables describes the impact of the survey 

respondents' management decision-making on aspects of family 

farm business management, and land management in general, as 

well as their involvement in agroforestry in particular. The 

results have described the extent to which the integration of 
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agroforestry into the respondents' farming enterprises has been 

the result of conscious management decision-making processes. 

Within that context, the use of agroforestry in land management 

has been considered to be an increasingly important focus for 

sustainable development (FAO, 1985b:7) . According to this U.N. 

report : 

Certain basic concepts of management be it for forestry production, silvo
pastoral, or agro-sil vo-pastoral systems, such as the principle of 'sustained' 
yield, the fact that management is inseparable from its technical substructure, 
that the aim of management is increased and diversified production and that 
the economic and social prosperity of the people are paramount, are pertinent 
concepts in the management of production systems in the dry zones. 

(i) Family Business Decision-making 

With regard to the first general type of question in this 

section, the survey respondents' family business decision

making was identified within the context of four specific 

issues to describe the setting in which this has taken place. 

These issues were (1) legal structure of the farm business, (2) 

length of time the business has been in the family, (3) 

management of properties other than their main income earning 

one, and (4) use of agroforestry practices on them. 

EnJerprise Organisation and Tenure 

The legal structure of farm ownership and tenure have been 

considered to be a potentially important issue influencing 

management decision-making about agroforestry. However, 

previous research into the land tenure issues related to 

agriculture was not altogether relevant to the present study 

owing to the essentially short term, profit orientation of 

broadacre agriculture which contrasts with the long term nature 

of agroforestry. There is insufficient understanding of the 

relationship between enterprise organisation and tenure status, 

and the involvement of industrialised country farmers in 

agroforestry. 

Within the context of the industrialising nations, however, 

there has been considerable research on such issues which was 

relevant in a general way to the present study (FAO, 1985a; 

Fortmann and Riddell, 1985; Raintree, 1987b). These studies 

were based upon the experience with agroforestry of peasant 

farmers who were mostly located in tropical and sub-tropical 

environments. Within the context of industrialised countries 

similar work has been done in relation to agriculture. For 
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example, there has been considerable attention directed to the 

impact of ownership structure on changes to internal and 

external farm production relations in the U.K. (Whatmore et al. 

1987b) . Other studies have concentrated on the limitations to 

farm forestry resulting from legal arrangements, such as the 

historic tenancy laws and the Agricultural Holdings Act of 1986 

in the U.K (Gourlay, 1988; Scambler, 1989). In the U.S. 

progressive management of woodlands has been associated with 

both ownership status and on-site residence, while undivided 

estates and real estate speculation were associated with non

management (Greene and Blatner, 1986). 

With regard to Australian research about enterprise 

organisation and tenure issues, the potential benefit of share

farming to increase the involvement of farmers in agroforestry 

has been thoroughly considered (Soutar and Wallis, 1986; Shea 

and Bartle, 1988). While land leasing arrangements have not 

been evaluated, full time farmers in Victoria were found to 

have been less concerned than hobby farmers about salinity as a 

land degradation problem (Barr et al. 1992). The influence of 

ownership structure on soil conservation behaviour has also 

been investigated in the Western Australian wheatbelt (Fry and 

Goss, 1985). Their results indicated that the predominance of 

family owned and managed farms, operated as partnerships, did 

not differentiate farmers in relation to their involvement in 

soil conservation. 

Years of Family Fanning Business Operation 

The respondents' family business decision-making has also been 

described within the context of the number of years that their 

properties had been in their families. Despite no relationship 

having been found between the extent of tenure and the adoption 

of agricultural innovations (Rogers, 1983), it was not known if 

the same situation applied in relation to agroforestry as an 

innovation. In two Australian studies correlations were found 

between the adoption of agrof orestry-related practices and the 

number of years of farm ownership in South Australia (Craig et 

al. 1983) and Queensland (Lesleighter and Shelton, 1986). Other 

researchers in South Australia (Howett and Lothian, 1988), and 

the Western Australian wheatbelt (Fry and Goss 1985; Coates, 

1987) differentiated their survey farmers according to this 
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variable, but found relatively similar histories of farm 

ownership to be the general case. DAWA did, however, find in a 

survey of a portion of the study area that there was no 

statistical relationship between years of farming experience 

and the extent of wind erosion on properties (Gwynn et al. 

1987) . 

Property MalUlgement mul Use for Agroforestry 

The last two sets of variables used in this study to determine 

relationships between general family business decision-making 

and involvement in agroforestry identified whether survey 

farmers managed properties other than their main income earning 

one, and if they had planted shrubs or trees on them. The 

importance of property expansion for inheritance purposes and 

farm income enhancement has been evaluated in the U.K. (Gasson 

et al. 1988). Contradictory findings have been reported in the 

Western Australian wheatbelt where the purchase of additional 

farm properties for profit maximisation was ranked as the 

second lowest priority of farmers (Fry and Goss, 1985). Despite 

this, property expansion has steadily occurred throughout the 

agricultural areas of this and other states of Australia 

(Mauldon and Schapper, 1974; ABS, 1990a; Robson, 1992). The 

present study has therefore contributed a new dimension to 

previous work on this subject by identifying if the presence of 

additional farm properties was associated with agroforestry 

activities. 

(ii) Agroforestry Management Decision-making 

The second general type of question in this section has 

identified the extent to which agrof orestry management 

decision-making varied between the three clusters of farmers, 

as defined by this study. The only comprehensive review about 

this subject has established a systematic basis for comparative 

analysis of agroforestry management in the major agroecological 

zones of the world (MacDicken and Vergara, 1990) . In this 

country, two previous studies have identified the variability 

in management decision-making about agroforestry, not only by 

farmers but scientists as well (Reid and Wilson, 1985; Reid, 

1986). While these previous studies have provided site specific 

descriptive accounts, the present study has identified the 
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relationship between involvement in agroforestry and several 

new aspects of this issue which were not previously considered. 

The agrof orestry management variables considered in this 

section range from the types of bush management, and shrub and 

tree growing practices used by the survey farmers, to their 

financial and time allocations for these activities. Within the 

context of industrialising countries, considerable progress has 

been reported on analysing these subjects (Arnold, 1984; 

Arnold, 1987; Spears, 1987; Steppler and Nair, 1987; MacDicken 

and Vergara, 1990) . However, there has also been reported a 

general world-wide lack of suitable data for evaluating the 

extent to which risk management and the time horizons of 

farmers have influenced their agroforestry involvement 

(Blandon, 1985) . Further to this, industrialised country 

studies of agroforestry management decision-making have been 

undertaken in regions with generally higher rainfall conditions 

or the use of irrigation, such as in Western Europe (MacBrayne, 

1981; Scambler, 1989; Swain, 1990), the United States (Lewis 

and Pearson, 1987; Cervinka, 1987; Sherman Finch, USDA Soil 

Conservation Service, pers. comm. 1988) and New Zealand (Reid 

and Wilson, 1985; Olsen, 1987; McKenzie, 1987; Morey, 1988). 

In regard to this other research, the physical differences 

between these other industrialised countries and the study area 

have made comparisons difficult. Similar studies about the 

financial and time management decisions of farmers in other 

parts of Australia were considerably more comparable (Hawkes, 

1977; Reid and Wilson, 1985; Cary et al. 1986; Reid, 1986; 

Rickson et al. 1987; Cary et al. 1989; Vanclay and Cary, 1989) . 

In the Western Australian context, three studies have been 

identified which were relevant to the present research about 

agroforestry. In the first instance, with regard to the 

establishment of a commercial sharefarming incentive scheme to 

the west of the study area, the financial and time horizon 

constraints to the involvement of farmers were considered 

(Malajczuk et al. 1984). In the northeastern wheatbelt, where 

economic and environmental conditions have caused considerable 

stress on the farming community, expenditures of time and money 

on soil, fodder and water conservation-related practices were 

limited to the good years (Crane, 1988). In the central 
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wheatbelt, similar views of farmers about resource allocations 

for soil conservation have also been identified (Fry and Goss, 

1985). However, no relevant work has been identified about 

comparable issues associated with agroforestry in the study 

area. 

(iii) Land Management Decision-making 

The third, and last, general type of question in this section 

has described the relationship between involvement in 

agroforestry and several aspects of the respondents' land 

management decision-making. The nature of the respondents' 

livestock grazing and wind erosion control practices were 

considered in the first instance, followed by evaluation of 

their use of practices other than traditional firebreaks to 

control bush fires . 

Livestock Grazing and Wind Erosion Control Practices 

Seven sets of variables about land management decision-making 

have considered the farmers' use of livestock grazing and other 

farming strategies in the study area for reducing wind erosion. 

As in the subsequent case with fire control, the extent to 

which involvement in agroforestry was associated with 

management decision- making about wind erosion control practices 

was uncertain. Environmental management studies in both 

industrialising and industrialised countries have identified 

that a range of tillage and grazing practices can control wind 

erosion (Hudson, 1973; Unger and Mccalla, 1980; El-Swaify et 

al . 1985; Conacher and Conacher, 1986; Flach, 1990). 

Progressive soil conservation behaviour in eastern Australia 

(Cary et al. 1986 ; Rickson et al. 1987; Cary et al. 1989) and 

the Western Australian wheat belt (Fry and Goss, 1985; Gwynn et 

al. 1987) has been correlated with the use of minimum tillage 

and other conservation tillage practices. 

Previous research in the study area has, however, identified 

that farmers thought that wind erosion could be more 

effectively controlled by improvements to their livestock 

grazing management rather than changes to their present systems 

of tillage for controlling wind erosion (Gorddard et al. 1981). 

However these researchers identified no relationship between 

erosion risk levels and any of the grazing or conservation 

tillage strategies used by farmers . The use of traditional 
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tillage practices by farmers to control wind erosion has been 

less widely reported, particularly in relation to the 

experiences of farmers concerned about the environmental 

effects of the herbicides applied in conservation tillage 

(Conacher and Conacher, 1982; Wynen, 1989, 1990). 

In Denmark, New Zealand, Russia, and the U.S., farmers have 

been provided with financial incentives through regional wind 

erosion control schemes to integrate the use of windbreaks, 

livestock grazing and tillage strategies, with or without 

chemicals, on their properties (Droze, 1977; Gilchrist, 1984; 

Stringer, 1984; Swain, 1987; Sturrock, 1988). Recent research 

in the study area, and southern Australia in general, has 

confirmed the importance of farmers using such an integrated 

land management approach for controlling wind erosion 

(Bicknell, 1991; Bird, 1984a, 1984b; Bird et al. 1991). Only 

one previous study, other than the present one, considered the 

relationship between farmers' use of these strategies and 

agroforestry involvement. In that case, farmers in Victoria 

expressed uncertainty about the value of tree planting by 

stating that short term measures like minimum tillage could 

achieve the same objectives (Woolcott Research, 1990) . Hence, 

the findings of those researchers have not confirmed results 

from the Western Australian wheatbelt study of Fry and Goss 

(1985) which reported that only a minority of farmers favoured 

reliance on short term inputs to soil conservation. 

Fire Co11trol Practices and Agroforestry 

Concern over the viability of firebreaks on farmland as control 

measures for bushfires on hot, windy days has been raised by 

DAWA (Johnston, 1983). However, the extent to which involvement 

in agroforestry has influenced the decision-making of farmers 

about alternative fire control practices was uncertain. While 

there has been regular coverage of the bush fire problem in the 

rural press during the summer months, most articles have 

limited their coverage after fires to the need for homestead 

protection, rather than the surrounding agricultural lands. 

Despite this, there have been technical articles and 

descriptions about the role of agroforestry for controlling 

bushfires. These have included (1) submissions to the 

Commonwealth Government, the National Soil Conservation 
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Program, and the National Agroforestry Working Group (Borough 

and Brett, 1982; Grimm and Moulden, 1985; Moore, 1989b), and 

(2) several books, conference proceedings, and publications 

(Batini et al. 1983; Greig, 1983; Bird, 1984a; Cheney, 19.85; 

Bush Fires Board of Western Australia, 1987; Webster, 1989). No 

specific promotion of this information to farmers by government 

Departments anywhere in Australia has, however, been reported. 

2.4 BIOPHYSICAL AND PRACTICAL APPLICABILITY 
VARIABLES 

This is the third and last part of this chapter which describes 

the theoretical background behind the variables selected for 

testing. The next three sections describe (1) the biophysical 

characteristics and problems of the respondents' properties, 

(2) species preferences, and (3) opinions on the practicability 

of and success in applying agroforestry practices. 

( 1) Biophysical Characteristics and Problems of the Respondents' Properties 

This section describes the impact on involvement in 

agrof orestry of the biophysical characteristics and land 

degradation problems of the respondents' properties. During the 

1970s, the production oriented goals of western agriculture and 

the Green Revolution of the industrialising countries were 

broadened in their focus to include the prevention of natural 

resource deterioration (Eckholm, 1976; United Nations 

Conference on Desertification, 1977). Since then there has been 

increasing global awareness of the land degradation problems 

resulting from agricultural practices. While investigations 

into the use of soil conservation practices for alleviating 

agricultural problems were accelerated in both industrialised 

and industrialising countries (El Swaify, 1985), there was also 

a substantial amount of new research into agroforestry. 

However, most research into the relationship of agroforestry to 

the land degradation problems of farmers has been in the 

context of rural development in industrialising countries 

(Lundgren and Nair, 1985; Steppler and Nair, 1987; Shaxson et 

al. 1989; MacDicken and Vergara, 1990). 

The potential of agroforestry land-use practices for not only 

reversing land degradation problems, but also increasing farm 

productivity has been reported (Steppler, 1987; Young, 

1989:81). According to Young : 
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The major adverse effect of soil erosion is lowering of fertility ... The hazard 
of water erosion is at its most serious on sloping land; in virtually all 
climates, that of wind erosion on land of any slope in the semi-arid zone. In 
these two, very extensive, sets of environmental conditions, control of 
erosion is an essential step in maintaining soil fertility ... The potential of 
agroforestry to reduce or eliminate such lowering of soil fertility is at least as 
important as that of controlling erosion. Most land is liable to some degree of 
erosion and to other forms of soil degradation, both leading to lowering of 
fertility and loss of sustainability. 

There is insufficient information in industrialised countries 

on the extent to which biophysical factors have influenced 

farmer involvement in agroforestry. The emphasis of the few 

industrialised country studies has been on general descriptive 

accounts of conditions in the temperate climate zones of the 

U.K., Europe, New Zealand and the U.S. (Gold and Hanover, 1987; 

Byington, 1990) . Far less is known about the impact of the 

biophysical characteristics and problems of farmers on their 

agroforestry involvement in the semi-arid and mediterranean 

climatic areas of Australia in general, and the study area in 

particular . 

While there have been descriptive accounts of the extent to 

which land degradation problems affected Australian land-users 

(Mabbutt, 1981; Beale and Fray, 1990), there was limited 

comparative research to draw upon for describing the impact of 

biophysical factors specifically on involvement in agroforestry 

in the study area. Eighty-three variables have been used to 

test the relationship between involvement in agroforestry and 

the biophysical characteristics and problems of survey farms. 

Of these, twenty variables were used to describe the 

characteristics of survey farms and sixty-three variables were 

used to identify the farmers' perceptions of land degradation 

problems on these farms. 

The present study therefore differs from other research by 

having quantitatively described the impact of both the 

biophysical characteristics and problems of farm properties on 

the involvement of farmers in agroforestry. Such research fits 

within the tradition of other studies in agricultural geography 

which have identified relationships between both biological and 

physical factors, and the decisions of farmers (Grigg, 1984) . 

Likewise, agricultural economists have modelled farmer decision 

making about soil conservation practices, with the farmers' 

recognition of the existence of an erosion problem as the first 
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step in the adoption process (Ervin and Ervin, 1982; Gould et 

al. 1989). However, the subject of farmers' involvement in 

agroforestry is new, as previous economic and geographic 

studies have considered the impact of biophysical processes on 

the adoption of disparate agricultural or forestry practices, 

but not their integration. 

Analyses similar to the present study about agrof orestry have 

usually described the direct relationship of biophysical 

problems to the involvement of industrialising country farmers 

in agroforestry. For example, despite high erosion levels in 

Kenya, farmers who were unwilling to admit they had such 

problems readily adopted production oriented agroforestry 

practices, such as fuelwood planting, which had erosion control 

benefits as a by-product (Raintree, 1983a) . In another case, 

along the southern fringes of the Sahara in Western Niger where 

desertification has become an increasing threat to human 

survival, extensive windbreak systems have been planted by 

local farmers (Cook and Grut, 1989) . Better crop yields have 

been realised under these protected conditions, particularly on 

soils with high water tables. Likewise the association between 

the biophysical characteristics of farm properties and the 

involvement of farmers in the Agro-Pastoral Project of Rwanda, 

East Africa has been reported. However, involvement in 

agrof orestry for firewood and building pole production, along 

with tree crops such as coffee, was limited to larger farms 

that were located in 'more richly-endowed micro-ecosystems' 

(Cook and Grut, 1989). Similar resource-related problems caused 

farmers in Gujarat, India who had problems with providing 

adequate irrigation to be unlikely to establish woodlots and 

other agroforestry practices (FAO, 1983). Productivity 

limitations resulting from inadequate or erratic seasonal 

rainfall levels have also been identified as biophysical 

factors which constrain intensification of land-use and 

desertification control in the dry farmed areas of the world 

(Dregne, 1983). 

In the industrialised country context, the impact of 

biophysical factors on agroforestry involvement was likely to 

have been first dramatized by the Dust Bowl era of the 1930s 

which caused extensive shelterbelt plantings in the American 
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Great Plains and the Canadian prairies (Droze, 1977). 

Biophysical problems have also caused farmers to adopt simi l ar 

agrof orestry practices for crop protection in Denmark and the 

Soviet Union, as well as for stabilizing sand dunes in coastal 

France (Byington, 1990). Farmers in New Zealand's hill country 

and the windy Marlborough area and Canterbury Plains have been 

found to be more likely to adopt agrof orestry practices than 

farmers on less environmentally sensitive land (Morey, 1988). 

Likewise in Scotland, poor land has been associated with farmer 

involvement in forestry (Scambler, 1989). 

These are examples of biophysical problems in temperate 

climates which have resulted in the implementation of 

agroforestry practices. In contrast, there has been limited 

recent analysis of this issue in the context of mediterranean 

climates. Previous studies have, however, described the 

experiences of farmers adapting to marginally productive lands 

in the Mediterranean Sea area by the planting and management of 

trees. Agroforestry practices in this area, which continue to 

this day, were reported as early as Classical times and the 

Renaissance (Smith, 1929a; Smith, 1953b; Harris, 1977). The 

Dehesa of southern Spain is one of the most widely known 

mediterranean agroforestry systems, although its use has been 

reported to be diminishing (Glencross, 1978) . Aridity of the 

climate and the acidity of soils in that region had led the 

farmers, centuries ago, to develop a two-story farming system 

with multipurpose oaks and the grazing of pigs and sheep 

(Parsons, 1962). Continued use of similar traditional 

agroforestry practices with carob trees has also been reported 

on marginal lands in Spain and other countries with 

mediterranean climates, including Australia (Esbenshade, 1977; 

Esbenshade and Wilson, 1985). 

(i) Biophysical Characteristics of Survey Farms 

With specific regard to the impact of the biophysical 

characteristics of survey farms in the study area on 

involvement in agroforestry, rainfall conditions have limited 

the potential for most survey respondents to gain direct 

economic benefits from tree growing for timber production. 

However, rainfall and other characteristics and problems of 

farms in the study area may have had a substantial influence on 
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farmer involvement in agroforestry for land degradation 

control. The effectiveness of agroforestry pract ices for 

controlling land degradation problems has been reported by both 

farmers and scientists in this state (Grewar, 1986; Moore, 

1 9 8 6 a; Anders on , 1 9 8 9 ; Sch of i e 1 d et al. 1 9 8 9 ; Bi c kn e 11 , 1 9 9 0 ; 

Watkins, 1990), and other parts of Australia (Borough and 

Brett , 1982; Reid and Wilson, 1985; Reid, 1986). Hence 

information has been collected from the survey respondents to 

describe not only the rainfall conditions over the last five 

years, but the location of the property, the number of years 

that the land has been farmed and the amount of land remaining 

to be cleared that could be suitable for cropping or grazing. 

Rainfall 

With regard to the first of these biophysical variables, 

rainfall, insufficient levels of water during the five years 

prior to this study ' s survey may have had an influence on the 

respondents' involvement in agroforestry. There is little 

comparative information available since most research about 

agroforestry has been undertaken to the west of the study area. 

In these higher rainfall zones of southwestern Australia, 

drought has not been a problem . With an annual rainfall of 

greater than 600mm, the environmental conditions were found to 

have been suitable for economically combining farming with 

forestry (Treloar and Morrison, 1962 ; Malajczuk et al. 1984; 

Soutar and Wallis , 1986 ; Shea and Bartle, 1988) . While these 

studies have primarily considered the potential for integrating 

farming with plantation forestry on separate units of land, 

medium to high rainfall conditions have also made wide-spaced 

trees and shelterbelts of timber producing trees on pasture 

lands both economically and environmentally attractive. These 

agroforestry systems have been proven to be profitable by 

combining the tree and grazing components on the same units of 

land . On-site and off-site environmental benefits which have 

been reported include improved crop and pasture production, 

along with control of salinity, wind , waterlogging and 

fertiliser runoff (Reid and Wilson , 1985; Moore, 1988b; 

Anderson, 1989). 

Rainfall information has also been collected in land 

management-related surveys about farmers in the wheatbelt of 
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Western Australia (Fry and Goss, 1985; Coates, 1987), as well 

as in other parts of Australia (Cary et al. 1986; Lesleighter 

and Shelton, 1986; Howett and Lothian, 1988; Woolcott Research, 

1990; Barr et al. 1992). However, with the exception of the 

present study, none of these studies determined if rainfall 

levels had an impact on farmer involvement in agroforestry or 

soil conservation. Despite this lack of empirical data, in the 

purely biophysical context, rainfall levels have been reported 

to exceed in importance the role of soil types in determining 

the agricultural potential of the southeast of Western 

Australia (Burvill, 1982). According to Burvill, this has been 

mainly due to the soil improvement benefits of fertilisers, 

trace elements and legumes. 

The bulk of the study area is located in the 300-600mm rainfall 

zone, but the western portions experience up to 700mm per 

annum. The areas with annual rainfall below 600mm have similar 

conditions to the main cereal and sheep production areas of 

Western Australia and South Australia. However, in the eastern 

and southern parts of the study area, strong winds and summer 

rainfall patterns also occur (Gentilli, 1972; DAWA, 1983a; 

Herbert, 1986). Despite the potential availability of rainfall 

in summer and winter, insufficient rainfall was reported by 

farmers as the main cause of wind erosion during 1983-1984 in 

the southern and central part of the study area (Gwynn et al. 

1987). Lower than expected rainfall patterns for the five year 

period between 1984-1989 were reported by half of the survey 

farmers (Figure 2.2), as well as by the Bureau of Meteorology 

in the Monthly Weather Review series for that period. 

Farmers reported that rainfall levels were as low as fifty per 

cent of the normal, long-term average for the region as shown 

by the Commonwealth of Australia, Bureau of Meteorology (1988) . 

Forty per cent of respondents stated that they received less 

than 350mm of water per year during this period, and an 

additional 37 per cent received between 350 and 500mm. Similar 

droughts and periods of time with rainfall levels below 350mm 

per year affect about half of the Australian continent 

(Gentilli, 1977). 
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Figure 2.2 : Farmers' reports of precipitation (1984-89) as a percentage of the official long-term average 

Source: Great Southern Tree Growing Survey, 1989 
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Property soil tvpe 

As with rainfall , the relationship of property soil types to 

a grofo restry invo lvement has also not been investigated . To the 

we s t of the study area where annual rainfall exceeds 600mm , 

suitable land for pine agroforestry has been identified mainly 

on the basis of its edaphic characteristics (Mala jczuk et al . 

1984; CALM, 1987). A survey of farmers who were potential 

cooperators in a pine growing incentive scheme found that they 

were willing to participate, but only with uncleared or 

inconvenient areas of land which were not currently used for 

other enterprises (Soutar and Wallis, 1986). 

Similar views by farmers and scientists of using only 

marginally productive lands for growing shrubs and trees rather 

than crop and pasture lands have been identified in the study 

area. This region has a predominance of infertile soil types 

with saline sub-horizons, as well as deep sands which were 

found to have been prone to wind erosion after clearing. These 

light land sites have been proven exceptionally suitable for 

pine agroforestry by DAWA (Herbert, 1986), and the Department 

of Conservation and Land Management (Moore, 1986b) . Innovative 

farmers have also identified the potential of such sites in the 

study area for not only pines but fodder shrubs which can 

reduce dry season drought problems for their livestock (Grewar, 

1986; Watkins, 1 990; English, 1993). 

Native Vegetation Clearing Levels 

In the study area, the relationship between involvement in 

agrof orestry and the extent to which farmers have reported 

native vegetation which could be cleared for agriculture has 

not been previously considered. Scientists have reported that 

the amount of native vegetation clearing and the duration of 

farming are biophysical indicators of the capability of natural 

resources to provide protection for agricultural activities and 

environmental processes (Borough and Brett, 1982; Breckwoldt, 

1983 ; Bird, 1986) . While vegetation clearing has not 

necessarily resulted in land degradation, it could have been a 

biophysical influence on this process that wa s exacerbated by 

inappropriate land management practices (Robe rtson, 1987a) . In 

a South Australian study, even though the relationship to farm 

size was not reported, over 75 per cent of farmers had retained 

less than 50 hectares of native bush . In addition , seven per 



cent stated that they were planning to do the same, but 25 per 

cent of these farmers did not indicate if they had future 

intentions to clear remaining bushland areas (Howett and 

Lothian, 1988). 

In the Western Australian wheatbelt, Coates (1987) correlated 

the age of a farm property with the amount of bushland that 

remained. She reported that the highest percentages of cleared 

land were located in the older established farming areas. In 

addition, Fry and Goss (1985) reported that over half of their 

survey respondents in the wheatbelt had left potentially 

clearable land as shelterbelts, with only a very small 

percentage having done this for nature conservation purposes. 

With regard to the extent of native vegetation in the study 

area, there has been a high degree of clearing on the newer 

farms with light, sandy lands (Bicknell, 1991). Despite this, 

official figures collected by the Bureau of Statistics have 

indicated that the amount and distribution of native bushlands 

remaining on Western Australian farms in general were fairly 

similar in all districts during the time of the survey in 1988-

8 9 (AB s I 1 9 9 0 b ) . 

(ii) Land Degradation Problems of Survey Farms 

The second general group of biophysical variables in this 

section has described the impact of the respondent's 

experiences with land degradation problems on their involvement 

in agroforestry. Overall figures for land degradation in 

Western Australia indicate that there are substantial problems 

requiring management. As early as 1916 there had been a Royal 

Commission into the effects of salinity on agriculture in 

Esperance Shire, which is located in the eastern part of the 

study area. However, it was not until 1928 that the effects of 

salinity were proven to be deleterious to cereal production in 

Western Australia (Burvill, 1982). More recently, Carder (1978) 

reported that in the agricultural areas of Western Australia as 

a whole 66 per cent of the extensive croplands, and 24 per cent 

of the grazing lands required soil conservation management by 

improved land management practices and physical works. 

Figures reflecting the environmental situation at the time of 

this study indicate that estimates of the total area of 
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agricultural land degradation had doubled from Carder's figure 

of 100,000 square kilometres to 204,080 square kilometres , with 

only 30 per cent of the total area stable (DAWA, 1988b; DAWA, 

199la, 1992; Select Committee into Land Degradation, 1991). 

Specific figures about land degradation in portions of the 

study area have also been collected (Gorddard et al. 1981; 

Gwynn et al. 1987; ABS, 1989; Bicknell, 1990, 1991). The extent 

to which these problems have influenced the agroforestry 

involvement of farmers in the study area has not been 

previously considered. 

In order to counter biophysical problems caused by erratic 

rainfall patterns, wind and salinity, there has been a range of 

soil conservation initiatives by government scientists, private 

companies and farmers in southwestern Australia in general and 

the study area in particular (Select Committee into Land 

Conservation, 1991) . These have included large scale 

agroforestry plantings by innovative farmers for both 

production and conservation objectives (Reid and Wilson, 1985). 

One of the purposes of the agrof orestry-related soil 

conservation activities has been to use more effectively 

available rainfall and reduce the deleterious impact of wind 

erosion on farm properties. Successful experiences with the 

application of agrof orestry practices to soil conservation

related problems has been documented in Australia in general 

(Reid and Wilson, 1985; Reid, 1986; Moore, 1989b), Western 

Australia (Moore, 1989a; Schofield et al. 1989; Scott, 1990; 

Scott, 1992), and the study area in particular (Stead, 1982; 

Grewar, 1986; Lynch, 1989; Stead and Stead, 1990; Watkins, 

1990; Webster, 1990; Bicknell, 1991). 

Several of these agroforestry plantings in the study area have 

preceded, by up to a decade in some cases, Western Australian 

government research about agroforestry. This research in the 

last few years has analysed the economic and environmental 

benefits of growing shrubs, trees and other perennial species 

(Anderson, 1982; George, 1982; Schofield et al. 1989; Scott, 

1990). More recently, similar research in the study area has 

also measured the benefits of windbreaks on crop and pasture 

production (Bicknell, 1991) . There have , however, been few 

studies with relevance to the study area about the extent to 
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which land degradation problems have influenced farmers to 

adopt agroforestry practices in particular, or soil 

conservation practices in general. The only research projects 

which were comparable to the present study collected 

information about the impact of land degradation problems on 

property value and production in the central wheatbelt (Fry and 

Goss, 1985) . These researchers did not assess the influence of 

these problems on farmer involvement in soil conservation or 

agroforestry. In that study, wind erosion was ranked overall as 

the worst problem affecting both farm value and production, 

despite half of the respondents having identified salinity as 

the worst problem affecting farm value, and less than half 

reporting the same problem affecting farm production. 

Farmer Awareness Levels 

The brief time periods in which most forms of land degradation 

in Australia have become visible have been suggested to be a 

possible advantage for motivating farmer and community action 

(Lefroy et al. 1992). Several empirical studies about 

agroforestry have also assumed that farmers were sufficiently 

capable of assessing levels of land degradation and taking 

action (Dowling, 1985; Reid, 1986; Howett and Lothian, 1988). 

However, other studies have specifically identified the extent 

of farmer awareness about land degradation problems. For 

example, two different surveys of farmers in Queensland 

reported substantial variation in awareness levels about land 

degradation problems, especially on the respondents' own 

properties (Vanclay, 1986; Rickson et al. 1987). In Victoria 

similar research found that farmers who were involved with tree 

planting were more likely than others to have identified land 

degradation problems on their properties (Cary et al. 1986). A 

subsequent study in a different part of Victoria reported that 

a majority of farmers did not recognise the early signs of soil 

salinity on their land, and even if they admitted having a 

salinity problem, too few trees had been planted in response 

(Vanclay and Cary, 1989). In addition, the possibility of 

spatial variation in farmers' awareness of general land 

degradation problems was confirmed in another study of 

Victorian farmers (Woolcott Research, 1990). Hence the present 

study has added new information by having identified if 
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involvement in agroforestry was influenced by the incidence of 

land degradation problems in different parts of the study area . 

Lrmd Degradation : Severity and Effects 

The relationship has also been tested in this section of the 

present study between involvement in agroforestry and the 

respondents' ranking of land degradation problems on their main 

income earning property. Similar research, undertaken in 

Victoria, identified that the perceived severity of land 

degradation problems on farmers' properties was positively 

correlated with their involvement in agroforestry (Barr et al. 

1992). Previous surveys of Western Australian wneatbelt farmers 

also ranked their perceptions of the relative severity of land 

degradation problems. However, they did not identify if there 

was any association between this and either their involvement 

in soil conservation, tree planting, and the retention of bush 

for shelterbelts (Fry and Goss, 1985), or their management of 

native vegetation (Coates, 1987). 

In addition, the impact of applying agroforestry practices to 

counter at the same time land degradation problems, as well as 

increase property values, has not been sufficiently considered . 

From his discussions with people in the South Australian real 

estate market, Riggs (1983) reported that tree planting could 

have had a beneficial impact on property values. These findings 

were reflected in subsequent research in that state which found 

that plantings for aesthetics were the second most important 

tree planting activity behind plantings for shade and shelter 

(Howett and Lothian, 1988). However, only one of the 260 

respondents in their study reported having specifically planted 

trees to increase their property value. In the Western 

Australian wheatbelt survey by Fry and Goss (1985), most 

farmers indicated that salinity was the greatest threat to 

their property value, while there was nearly equal concern 

about wind erosion as the worst problem affecting property 

production. 

Wind Problems 

The impact of wind problems in the study area on involvement in 

agroforestry has not been previously considered. Wind patterns 

have been thoroughly described in Australia (Gentilli, 1977; 

Division of National Mapping, 1986) and an erosivity estimate 
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created (Kalma, J.D., Speight, J.G. and Wasson, R.J., 1988). 

Despite this research, their seasonal effects on creating wind 

erosion risks on varying soil types in Western Australia have 

not been sufficiently investigated (Hamilton et al. 1987). 

However, the contribution of wind erosion to over-all land 

degradation in Western Australia has been quantified in general 

economic terms (Robertson, 1987a; DAWA, 1988c; Negus, 1991). 

Several reports have also documented the comparatively severe 

wind erosion problems in the study area, particularly in sandy 

areas as a result of cultivation, grazing or clover harvesting 

in the dry season (Gorddard, 1982; Grewar, 1986; Gwynn et al. 

1987 ; Bicknell, 1990; Bicknell, 1991). The study area does not 

have the state's largest area of high risk soils from wind 

erosion (Carter and Humphrey, 1983; DAWA, 1988c). However, it 

does have the highest mean wind speeds during the summer 

growing season which predispose the area to probable wind 

erosion, especially if they are sandy soils without cover 

(Figure 2.3). 

The duration and intensity of wind in most of this region is 

greater than other parts of the state. The potential for wind 

erosion, as well as economic losses to crops and stock, is 

reasonably likely to occur in most years. The map in Figure 2.3 

is the first of its kind to be produced in Western Australia, 

based upon data from the Commonwealth's Bureau of Meteorology 

(1991), DAWA (1988), and the Environmental Protection Authority 

(1991). The windroses depict the percentage occurrence of winds 

at three levels of wind erosion risk from eight points of the 

compass . The wind speed range for this is based upon data from 

the Western Australian Department of Agriculture's Division of 

Resource Management. The November to May summer period was 

selected because vegetation is at its lowest seasonal point, 

with crops in harvest and pastures declining in quality and 

quantity. 

The raw wind data for Figure 2.3 was collected from nine of the 

fifteen DAWA and Commonwealth Bureau of Meteorology weather 

stations in the study area for the maximum time periods that 

have been kept in each case. However, one of these, 

Jerramungup, is a new station with only eight years of records 

compared to the twenty-six year average for other recording 
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stations. The comparability of these windroses is also limited 

by differences in the height of the measuring equipment and 

variances in the duration and timing of data collection between 

the stations. The Bureau of Meteorology positions anemometers 

at ten metres height, while DAWA has its units at the height of 

three metres for more direct analysis of soil erodibility 

levels. Further to this, the wind data for all stations was 

averaged for twenty-four hour time periods, except for the 

Esperance Downs station which reports for only 0900 hours. 

Despite these inconsistencies, Figure 2.3 provides a reasonably 

accurate visual representation of the hazard which winds pose 

to agriculture in the study area and the other parts of this 

state. All nine weather stations in the study area reported 

winds of 8.34 metres per second or more during the summer, when 

soils are most at risk. Hence the total area of farmland which 

could potentially suffer wind erosion is considerably larger 

than the areas on this map with high risk soils. The loose 

surfaced sandy soils delineated as 'high risk soils' in Figure 

2.3 have been transposed from the DAWA original map 'Soils at 

Risk from Seasonal Wind Erosion in Western Australia' (1988c). 

Tree Growing Problems 

As with wind and the other land degradation problems which have 

been previously discussed, no other relevant research has been 

identified which considers the impact of problems with tree 

growing on farmers' involvement in agroforestry. There are few 

reports by farmers in the study area about their experiences 

with tree growing, except in brief, descriptive over-views in 

the popular press and at conferences (Stead, 1981; Campbell, 

1989). However, a progressive farmer in the eastern part of the 

study area specifically reported to the National Agroforestry 

Working Group that involvement in agroforestry was constrained 

by a range of financial and technical problems, including 

weeds, insects and soil factors (Grewar, 1986) . Information 

about similar biophysical problems, but not their impact on 

involvement in agroforestry, has been collected from surveys 

throughout Australia of farmers known to be actively involved 

with agroforestry (Reid, 1986), and randomly sampled farmers in 

Queensland (Lesleighter and Shelton, 1986), Victoria (Cary et 

al. 1986; Woolcott Research, 1990), New South Wales 
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(Chamberlain, 1989), and South Australia (Dowling, 1985; Howett 

and Lothian, 1988). 

(2) Species Preferences 

This set of variables considers the relationship between the 

species of plants grown and the respondents' involvement in 

agroforestry. The extent to which farmers in the study area had 

grown species for objectives such as general farm tree 

planting, saltland reclamation, floriculture, fodder or other 

tree crops production purposes was uncertain at the time of 

this study's survey. The importance of species selection for 

successful farm tree planting cannot be underestimated. This is 

principally because of the relationship which this has on the 

potential benefits which accrue, whether directly on-farm or 

indirectly off-farm. Substantial work has been done about 

species selection in this and other countries. However, this 

section of the present study contributes new information on the 

effects of farmers' decisions about the types of species they 

have grown and their involvement in agroforestry. 

Cons iderable concern has been raised internationally about the 

availability of information and seeds of multipurpose species 

for forestry and agroforestry. This has especially been within 

the context of germplasm conservation in the industrialising 

countries of the tropics and subtropics (National Research 

Council, 1975; Burley and von Carlowitz, 1984). Progress has 

been reported with resolving the problems of information and 

seeds at not only the international level (National Research 

Council, 1984; von Carlowitz, 1986, Burley, 1987), but at the 

regional level, such as in the Sahel (von Maydell, 1986) and 

Africa in general (Weber and Stoney, 1986), and at the national 

level such as in China (Zhu Zhaohua et al. 1991), Costa Rica 

(Jones and Price, 1985), the Gambia (Szolnoki, 1985) and Nepal 

(Panday, 1982) . 

In India, subsistence farmers were reported to have planted 

traditional species such as neem, deshibaval, and various fruit 

trees rather than the exotic eucalypts, which were planted by 

nearly 70 per cent of farm foresters in the Gujarat Social 

Forestry Project (FAO, 1983). Similar differences in the 

industrialising countries associated with social factors such 
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as gender and social class have been reported to have 

influenced not only the selection of species for planting, but 

the harvesting of forest products as well (Fortmann and 

Rocheleau, 1984; Owusu-Bempah, 1988; Fortmann, 1990). 

There has also been increasing research in Australia to expand 

knowledge of potential uses for native species in international 

development projects (Turnbull, 1986). For example, 

sophisticated systems for matching the climatic conditions 

between different regions of the world and Australia have been 

developed to enhance the species selection process (Booth, 

1987). However, in industrialised countries, research on 

species selection for temperate and mediterranean zone 

agroforestry has been limited in comparison with the work done 

in industrialising nations. Hence genetic improvement and pest 

management were identified as the top two research priorities 

resulting from a shortage of acceptable medium to tall species 

for windbreaks in the Great Plains of North America (Byington, 

1990). In addition, lack of information about farmers' 

experiences with windbreak species has been reported to be one 

of several factors limiting the successful promotion of this 

agroforestry practice in America (Dishongh, 1991). Only 

recently has there been a shift in the focus of the American 

forestry profession to this subject, with New Zealand's 

agroforestry research considered by scientists in the U.S., as 

well as the U.K., to be in advance of other countries 

(MacBrayne, 1981; Gold and Hanover, 1987). 

Although poplars have historically been the most widely grown 

species for soil conservation and timber in New Zealand, wide

spaced radiata pines in pastures were proven to be a far more 

profitable agroforestry system in 1969 (Knowles, 1987). Concern 

has been expressed over the predominance of pines in 

agricultural and pastoral areas of that country, and the 

consequent lack of species diversity (Davies and MacFarlane, 

1979; MacKay, 1980; Stringer, 1985). The literature contains 

only scant reports about research and farm-scale plantings of a 

limited range of multipurpose species in New Zealand (Reid and 

Wilson, 1985). 
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Within the Australian context, the lack of specific, detailed 

information on species selection for farm plantings and 

bushland revegetation has also been identified (Johnston, 1983; 

Conacher, 1984; Reid, 1986; Ritchie, 1988a). This problem may 

be a reflection of only recent changes to the pioneering 

viewpoint in this country about native vegetation standing in 

the way of progress (Heathcote, 1976; Seddon, 1976). Despite 

this, many species have been successfully grown on farms, and 

in particular, the use of local or semi-local native species 

has been widely encouraged throughout Australia (Brown and 

Hall, 1968; Breckwoldt, 1984; Saunders et al. 1987; Venning, 

1988; Bennett, 1989; Oates and Clark, 1989; Nadolny, 1991). In 

Western Australia, there have been substantial efforts by 

enthusiasts and government agencies to promote the use of 

native species for farm plantings (Land Resource Policy 

Council, 1986; Coates, 1987; Seabrook, 1987; Angell, 1989; 

Wallace, 1989, 1992; CALM, 1991; Greening Western Australia, 

1992) . 

With regard to the study area, several progressive farmers had 

reported their successful experiences with growing a number of 

native and exotic species by the time of the present study's 

survey (Stead, 1982; Overhue, 1982; Overhue, 1983; Grewar, 

1986; Esbenshade, 1988). However, contrary to this, Coates 

(1987) found that the majority of farmers in the wheatbelt of 

Western Australia were growing primarily only one species, the 

river red gum (Eucalyptus camaldulensis), while fewer had grown 

local endemic native species which are possibly better suited 

to local conditions. Research in South Australia identified the 

use of unsuitable species as one of the most serious tree 

planting problems affecting farmers (Howett and Lothian, 1988). 

As a reflection of this, the need for better information about 

tree varieties and species was reported to have been the most 

highly ranked research priority of innovative farmers involved 

with agroforestry throughout Australia (Reid, 1986) . 

These studies throughout Australia suggest that there may be a 

relationship between farmers' decisions about species 

selection, survival rates, and the extent of their involvement 

in agroforestry. According to Ken Newby (1982:ii), an eminent 

farmer and botanist who lived in the study area : 
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Trees are a very important part of farm planning and management. In the 
past, farmers have been more concerned with clearing trees. Now, their 
importance as modifiers of the farm environment is being realised ... The 
new awareness of tree-value is suffering from a major deficiency. Very 
little reliable primed information is available to help farmers in planning, 
planting and maintaining trees on the farm. If tree planting is not soundly 
based, the failure rate will be high and many people will lose interest in 
growing them. 

While a considerable number of native species have been 

commonly available for shrub and tree planting on farmed land, 

and discharge areas and waterways in the study area, the range 

of species for income earning objectives was constrained to a 

few choices at the time of this study's survey in 1988-1989 . As 

in New Zealand and America, the general shortage of detailed 

information about species selection for farmers has most likely 

been the consequence of the traditional research emphasis of 

foresters on high rainfall pine and eucalypt species for pulp 

and timber production. This focus has been reflected in several 

research reports about Australian agroforestry (Ferguson and 

Reilly, 1978; Borough and Brett, 1982; Batini et al. 1983; 

Moore, 1986a; Reid, 1986) . 

Despite this limitation, several multipurpose species have been 

identified which could improve the productivity of Australian 

farms in rainfall zones of less than 600mm per year (Esbenshade 

and Wilson , 1985; Tiedemann, 1985; Wilson, 1985; Reid and 

Wilson, 1985; Dunstone, 1986; Moore, 1991; Lefroy et al. 1992) . 

These species include acacias, banksias, carobs, jojoba, oaks, 

olives, pistachios, tagasaste and sandalwood. However, concern 

has been raised about extrapolating their potential when these 

species have been grown on only a few farms (McKinnell and 

Engel, 1981; Forests Department, 1983; Reid and Wilson, 1985) 

Likewise, limited professional research attention has been 

directed towards their improvement and utilisation . For 

example, in comparison with all of these potential multipurpose 

species, the DAWA had directed considerably more research by 

the time of this study's survey into the development of forage 

shrubs for revegetating saltland throughout the state (Runciman 

and Malcolm, 1989) . 

Of all the tree crops with potential in conditions similar to 

the study area, the fast growing fodder tree, tagasaste, has 

been the most widely grown and tested species (Snook, 1986; 
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Oldham and Moore, 1987; Dann and Low, 1988; Oldham et al. 

1 991) . In Western Australia, there has been substantial 

tagasaste research since 1984, where integrated research 

objectives were established by both farmers and scientists from 

different government departments and the University of Western 

Australia (Bicknell, 1986) . Research on the commercial 

production of this promising species for agroforestry by 

researchers at the University of Western Australia has resulted 

in increased availability of site specific economic and 

management guide-lines for farmers (Oldham et al. 1991) 

Tagasaste plantings have been reported throughout the 

agricultural areas of Australia since the 1920s (Reid and 

Wilson, 1985; Snook, 1986). In Western Australia, this species 

has been grown particularly successfully on infertile, 

windprone sandplain sites, such as in the study area (Grewar, 

1982, 1985, 1986; Esbenshade, 1988; Wilson, 1991). 

Likewise, the potential for eucalypt oil production in Western 

Australia had been tested in the early 1970s by the Forests 

Department (now CALM) , but the land was sold before any more 

than preliminary results from the two selections could be 

collected (A.J. Hart, CALM, pers. comm. 1990). Nonetheless 

eucalypt oil production has continued to be evaluated by DAWA 

and the Eucalyptus Oil Project of Murdoch University since 

1984. At least twenty small scale field plantings of promising 

fast growing selections had been established on farms 

throughout the state and at the Wongan Hills Research Station, 

north of the study area (A.F.M. Barton, Murdoch University, 

pers. comm . 1986; Barton, 1989; Scott, 1989). The first 

commercial eucalypt oil planting took place in winter 1992 in 

the Woodanilling Shire, located in the northwestern part of the 

study area (Bartle, 1992). 

(3) Practicability and Success with Applying Agroforestry Practices 

This section describes the impact of the survey respondents' 

opinions about the practicability and success of applying 

shrub, tree growing and bush management practices. The opinions 

of farmers about the practicability and success of applying 

these types of agroforestry practices in industrialised 

countries generally, and the study area in particular have not 

been sufficiently explored. The subgroup of forty eight survey 
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questions on this aspect has therefore been divided into two 

categories to provide an overview of 'on-the-ground' opinions 

about applying agroforestry practices. In the first instance, 

farmer opinions about the practicability of applying 

agroforestry practices on their properties have been described, 

while the second has identified their opinions about achieving 

success with doing this. 

In contrast with the overall lack of knowledge about the 

experiences of farmers in industrialised countries with 

applying agroforestry practices, considerably more research has 

been done within the context of rural development work in 

industrialising nations. There is a comprehensive, professional 

literature about the experiences of industrialising country 

farmers with using both agricultural practices (Bartlett, 1980; 

Bowler, 1984), and forestry practices (Arnold and Mnzava, 1985; 

Westaby, 1987). In addition, several studies have also 

described agroforestry practices. Conklin's classic study of 

the Hanunoo of the Philippines (1957) was one of the first of 

these, followed by a series of more recent accounts about 

agroforestry in the industrialising countries (Hoskins, 1982; 

MacDonald, 1982; Jackson, 1984; Peck, 1984; Cook and Grut, 

1989; MacDicken and Vergara, 1990). 

The importance of a user perspective on agroforestry practices 

was implicit in the International Centre for Research in 

Agroforestry's (ICRAF) Diagnosis and Design (D & D) methodology 

which has been increasingly applied in the developing countries 

(Raintree, 1983b; Raintree, 1987a; Rocheleau, 1987). The 

initiation of a standardised classification of global 

agroforestry systems by ICRAF (1983) has substantially enhanced 

understanding of the biological, technical, economic and social 

aspects of land management practices which integrate 

agriculture and forestry (Nair, 1990:33). According to P.K.R. 

Nair : 
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An agroforestry practice usually denotes a specific land management 
operation of an agroforestry nature on a farm or other management unit, and 
usually consists of arrangements of agroforestry components. Several such 
practices are involved ... (and) include the arrangements of components in 
space and time vis-a-vis the major function of the tree component. Alley 
cropping (hedgerow intercropping); boundary planting of trees: trees and 
shmbs as shelterbelts and windbreaks: use of woody perennials in soil 
conservation; tree gardens; wood lots on agricultural lands; and so on are all 
commonly found agroforestry practices in most agroforestry systems. Any of 
these practices become an agroforestry system when it is developed or spread 
to such an extent in a specific local area as to form a definite land utilization 
type in that area. One essential point to note here is that an agroforestry 
practice can be found to exist even in a non-agroforestry land use system ... for 
example the practice of growing rows of Sesbania grandiflora on the bunds 
of rice paddies in Java, Indonesia. 

In the industrialised country context there have been 

comparatively few reports about the agroforestry practices used 

by farmers during this century; neither has there yet been a D 

& D methodology, such as the one used in the industrialising 

nations. However, as early as 1909 the American geographer J. 

Russell Smith had reported the benefits achieved by farmers who 

used terracing and tree growing practices on slopes to reduce 

gully erosion (Smith, 1909) . In 1929 Smith published the first 

book which described the agrof orestry practices of farmers in 

such diverse places as the Mediterranean region, Japan and the 

United States (Smith, 1929). Shortly thereafter, the spectres 

of the American 'Dust-bowl' and the Great Depression resulted 

in the establishment of one of the first industrialised country 

regional agroforestry programmes, the Shelterbelt Project of 

1934 (Byington, 1990). Descriptive accounts of farmers planting 

windbreaks and shelterbelts of grasses, shrubs and trees to 

reclaim farmland and protect their homesteads and paddocks from 

wind erosion verified the practicability of these agroforestry 

practices (Droze, 1977). 

More recent reports by foresters have indicated that since the 

early 1970s there was a substantial increase in the amount of 

published work about the practicability of agroforestry for the 

temperate, industrialised countries (MacBrayne, 1981; Gold and 

Hanover, 1987; Byington, 1990). These foresters from Scotland 

and the U.S. found that New Zealand's success during the 1970s 

with growing wide-spaced trees in pastures and managed forest 

grazing was particularly noteworthy. In addition, they stated 

that the leading role New Zealand had taken in agrof orestry 

research was one of the main reasons for the increased interest 

in this subject by scientists and academics in the 
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industrialised nations. This early work with agroforestry had 

been reported by scientists such as Hampton (1974), Olsen 

(1974), Stover (1979), and Tustin et al. (1980). Complementary 

to this, the practical experiences of farmers with integrating 

agrof orestry practices into their farming operations have also 

been reported, particularly by members of the New Zealand Farm 

Forestry Association (Barr, 1973; Olsen, 1977; Reid and Wilson, 

1985) . 

In the context of the present study, there has been a similar 

emphasis in Australia of scientists describing the results of 

agroforestry trials conducted on government research stations 

(Baldwin et al. 1988; Moore, 1989d). There has, however, been 

increased effort also to implement agroforestry research trials 

either on public land (Anderson et al. 1988) or private land 

(Oldham and Moore, 1987; Moore, 1988b; Oldham et al. 1991) 

using practices that farmers could be reasonably expected to 

undertake. In addition, there have been descriptions, in 

varying detail, about a range of agroforestry practices used by 

farmers in Israel, Western Europe, the U.K. and the U.S. 

(Esbenshade, 1977; Reid and Wilson, 1985; Byington, 1990; 

Watkins, 1990; Wilson, 1991) . Similar descriptive accounts have 

been found particularly relevant to the present study about the 

agrof orestry practices of Australian farmers in general (Reid 

and Wilson, 1985; Esbenshade and Wilson, 1986; Reid, 1986; 

Snook, 1986), and Western Australian farmers in particular 

(Grewar, 1986; Newman et al. 1988; Esbenshade, 1988; Bradby, 

1989; Bicknell, 1991). These descriptions mostly provided 

information about the agroforestry practices of innovative 

farmers in Australia, rather than average farmers who were, to 

varying degrees, integrating these practices into their 

enterprises. 

The present study's approach to describing the agroforestry 

experiences of a random sample of farmers, along with the 

practicability and success of these practices, was therefore 

very unusual in this country. Other similar research projects 

have evaluated the factors inhibiting the adoption of a shrub 

legume, Leucaena leucocephala, as livestock fodder in 

Queensland used a similar large scale random sample approach 

for data collection (Lesleighter and Shelton, 1986) . Two South 
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Australian surveys reported that between 80 and 90 per cent of 

respondents had identified problems with the practicability of 

implementing revegetation practices (Dowling, 1985; Howett and 

Lothian , 1988). In addition, those South Australian researchers 

found that the most common problems reported by farmers were 

drought , fire, insects, vermin, weeds and wildlife. Similar 

environmental problems in Western Australia were identified by 

field officers with DAWA and the Forests Department (now the 

Department of Conservation and Land Management) to have limited 

the viability of the establishment and maintenance of trees 

planted for windbreaks and shelter (Grimm and Moulden, 1985) . 

In Victoria, surveys have reported that the majority of farmers 

considered tree growing impracticable because of (1) the lack 

of economic benefits (Woolcott Research, 1990), or (2) a range 

of reasons, but mainly time and expense (Cary et al. 1986). In 

another study, a high proportion of the Victorian farmers who 

had neither tree growing experience nor intentions to plant in 

the future were identified as being the most likely to have 

reported having had no problems with growing trees (Vanclay and 

Cary, 1989) . In contrast, a survey of innovative farmers 

involved with agroforestry throughout Australia found that only 

22 per cent were not intending to continue using these 

practices on their properties (Reid, 1986). That researcher 

reported that the problems of those farmers were mainly caused 

by a lack of land on which to expand plantings, or limitations 

associated with time and expenses. In addition, he reported 

that these agroforesters had not found the implementation of 

agroforestry practices in any way impracticable. 

With regard to comparable research about farmers in Western 

Australia , only surveys about soil conse rvat ion (Fry and Goss, 

1985) and revegetation (Coates, 1987) were found to provide 

useful information relevant for describing opinions about the 

practicability and success of applying agroforestry practices. 

The impact of farmers' opinions about these activities on their 

involvement in agroforestry has not been considered, either in 

the study area or in similar regions of Australia and other 

industrialised countries. None the less, the previously 

described studies in this country have identified a general 

range of problems which have limited the practicability and 
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success of applying typical agroforestry practices , usually 

described as 'farm tree growing'. The lack of similar 

information on this subject has therefore limited the 

comparative value of the findings in this section to other 

work. 

2.5 OVERVIEW OF THE CONCEPTUAL MODEL 
The theoretical rationale for selection of eight sets of 

variables in the conceptual model to describe farmer 

involvement in agroforestry has been reported in the last three 

sections of this chapter. An overview of the diverse literature 

which has been drawn upon is provided in this last section of 

Chapter Two . 

( 1) Socioeconomic and Family Business Variables 

In the following two sections the theoretical rationale is 

summarised for selection of the first group of variables which 

describe the socioeconomic and family business-related aspects 

of agroforestry involvement in the study area. 

(i) The Socioeconomic Characteristics of Survey Farms, Farmers and Farm Families 

Most research about the socioeconomic characteristics of 

farmers and farm families has been aimed at describing the 

impact of these factors upon forestry, farm forestry, 

agriculture or soil conservation . Hence there has only been a 

limited amount of comparable work which identified 

socioeconomic factors that were relevant to the present study 

about agroforestry . From this literature review, several sets 

of variables can be distinguished that would appear to have 

influenced farmers' involvement in agroforestry. These were 

age, gender, farm size and type, years of farming operation, 

income and education level, and property expansion goals. In 

addition, one new socioeconomic variable has been selected and 

used in the study. This new variable has identified the extent 

to which farming experience outside of Western Australia may 

have influenced the respondents ' involvement in agroforestry . 

It was selected because of interviews with farmers in the study 

area during the pre-survey phase which indicated that there may 

have been a relationship between this spatially-related factor 

and involvement in agroforestry which has not been previously 

considered. 
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(ii) Family Structure , Indebtedness and Decision-making 

Several studies in industrialising countries were identified 

which described the characteristics of farmers in relation to 

their family structure, indebtedness and decision-making. 

HoweverI these studies have not provided appropriate 

comparisons to the situation in the study area where there were 

business oriented, rather than subsistence farmers. Comparable 

research in this and other industrialised countries has 

described the extent to which family structure, indebtedness 

and decision-making have affected family farm businesses. 

However, none, other than the present study, has identified 

their impact on involvement in agroforestry. Since the 

variables selected for testing were primarily drawn from 

research about agriculture as a family business, their utility 

for explaining the impact of family structure, indebtedness and 

decision-making on involvement in agroforestry was uncertain. 

In the first instance, previous research identified that the 

structure of farm families had influenced their decision

making. In particular, the size of a family and its stage of 

development were important factors which influenced the 

availability of funds for farm expenditures. Likewise, the 

present study has considered the effects of non-farm experience 

and employment on the respondents' involvement in agroforestry . 

Finally, several additional family structure-related variables 

were selected for use which described the extent to which the 

availability of family labour, as well as use of non-family 

labour had affected their involvement in agroforestry. 

In addition to family structure having possibly influenced the 

decisions of farmers about agroforestry, their indebtedness has 

also been considered . While there has been considerable 

research about indebtedness and agriculture in general, several 

studies in this country have identified the impact of financial 

constraints on the decisions of farmers about land degradation 

control and tree planting. In the present study, the 

relationship between indebtedness and the involvement of 

farmers in agroforestry has been considered within the context 

of the level of respondents' farm equity and interest payments. 

Finally, several variables were used to test the impact of 

family decision-making on the respondents' involvement in 
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agroforestry . In this country, as well as in other 

industrialised and industrialising countries, research has 

identified divisions of decision-making within farm families, 

as well as problems with control. The present study has added 

to this previous work by having considered the extent to which 

these, as well as the other family structure and indebtedness

related factors influenced the decisions of respondents about 

agroforestry . 

(2) Information, Incentives, Attitudes and Management Decision-making Variables 

This second group of variables contains three sets of variables 

which describe the relationship between involvement in 

agroforestry and information, incentives, attitudes and 

management decision-making. The theoretical background for 

selecting these sets is summarised in the following three 

subsections. 

(i) Technical lnfonnation and Financial Incentives for Agroforestry 

From this diverse background of Australian and international 

research, the present study developed a series of variables to 

explore the relationship between the involvement of farmers in 

agroforestry and their views about technical information and 

financial incentives . Limited comparative research was 

identified about these subjects, as most studies have been 

undertaken in higher rainfall zones where commercial tree 

growing is generally feasible. For example, no other research 

had queried the extent to which farmers in regions similar to 

the study area had a general understanding about agrof orestry 

as a land management practice . However, relevant work from 

other parts of this country and Western Australia was 

identified which had considered the specific use of 

agroforestry practices for fire and wind control. 

In addition, research in this and other industrialised 

countries had also reported on the impact of a range of formal 

and informal technical information sources on farmers' 

decisions about agroforestry, as well as agriculture, forestry 

and soil conservation. A similar broad base of national and 

international research was also identified that had explored 

the relationship between farmers' involvement with these same 

land management activities and the availability of financial 
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incentives. However, no studies, other than the present one in 

southern Western Australia, have considered this issue in 

conditions similar to the study area where there was generally 

insufficient rainfall for commercial tree growing. Hence this 

study has added to previous research in this and other 

industrialised countries by reporting the unique perspective of 

the respondents in the study area about the relevance of 

financial incentives and technical information for encouraging 

their involvement in agroforestry. 

(ii) Attitudes to Agroforestry Practices and Management 

While previous studies in this country and overseas have 

reported on the attitudes of farmers to agroforestry, this 

research has identified the extent to which these attitudes 

influenced farmer involvement in agroforestry. Within this 

context, the respondents in the study area provided new 

information which has added to previous research about the 

attitudes of farmers in three general areas of enquiry. The 

results of the present study have described not only the 

respondents' level of commitment and experience, and their 

reasons for bush management, and the growing of shrubs and 

trees, but their views about several aspects of the economics 

of applying agroforestry practices. 

With regard to the respondents' level of commitment and 

experience, no relevant research in other parts of WA, in other 

states of Australia, or in other industrialised nations was 

identified which considered the extent to which the preferences 

of farmers for native or exotic species had influenced their 

attitudes. Likewise, nine studies in Australia and New Zealand 

were identified which were similar to the present study by 

having reported the reasons farmers gave for involvement in 

agroforestry. Although there was variation in the rankings, 

these studies reported a range of reasons for the involvement 

of farmers in bush management, and shrub and tree growing which 

were used for comparison with this aspect of the results of the 

present study. In relation to farmers' views about the 

economics of agroforestry, no other studies were found to have 

been directly comparable to the present study. However, the 

results of previous research in Queensland (Rickson et al. 

1987) influenced the approach taken in the present study to 
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collect information about the farmers' attitudes towards the 

economics, risks and perceived benefits of agroforestry. 

In summary, the attitudes to agroforestry of the respondents in 

the study area have been described within the context of three 

general areas of enquiry. Similar studies about the attitudes 

of farmers to agroforestry and related land management 

practices have been identified in both industrialised and 

industrialising countries. The results of the present study 

will, however, provide new information which describes the 

impact of these attitudes of farmers on their involvement in 

agroforestry. 

(iii) Management Decision-making 

This review of research about management decision-making has 

considered not only farmers' decisions about agroforestry, but 

also family farm business management, and land management in 

general. Considerable work on this subject has been done within 

the context of agriculture in both industrialised and 

industrialising countries; however, only within the last decade 

has there been much research about management decision-making 

and the involvement of farmers in agroforestry. Research has 

been identified which was relevant to the present study on the 

business decision-making of farmers about issues such as 

tenure, duration of business operation, property management and 

expansion. However, with regard to farmers' specific decisions 

about integrating agrof orestry practices into their management 

programmes, previous research which was relevant to the 

situation in the study area has only provided descriptive 

information. The present study has, however, focused on 

evaluating if involvement in agroforestry was influenced by 

farmers' decisions about budgeting, sources of funds and the 

risks associated with bush management, and shrub and tree 

growing practices. In addition, new information has been 

collected about the relationship between the respondents' 

involvement in agrofor~stry and their management decisions 

about fire control, as well as tillage and grazing strategies 

for wind erosion control. 
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(3) Biophysical and Practical Applicability Variables 

The third and last group of variables describes the 

relationship between farmer involvement in agroforestry and the 

physical environment. The theoretical background for selecting 

these variables is summarised in the next three subsections. 

(i) Biophysical Characteristics and Problems on the Respondents ' Properties 

From this review of the literature, limited research has been 

identified which was relevant to explaining the relationship in 

the study area between biophysical factors and involvement in 

agroforestry. Most research about this subject has emphasised 

the benefits of using agroforestry practices for reducing land 

degradation and improving farm productivity in either the 

industrialising nations or the temperate climate zones of 

industrialised countries. The present study has thus added new 

information about the relationship of biophysical factors in 

the mediterranean climatic conditions of a western 

industrialised country, Australia, to the involvement of 

f armers in agroforestry. Hence the biophysical characteristics 

of the respondents' properties such as rainfall, soil type and 

native vegetation clearing levels have been considered. 

As with other research in this country, the present study has 

identified the extent to which the respondents were aware of 

l and degradation problems on their properties. While one study 

in Victoria identified that the farmers' perception of the 

severity of such problems directly influenced their involvement 

in agroforestry, there has been no research other than the 

present study about this in Western Australia. In addition the 

relationship between involvement in agroforestry and various 

types of land degradation and tree growing problems on the 

properties of respondents have been considered . Hence the 

present study has not only added to previous research about the 

effects of biophysical factors on the decisions of farmers, but 

identified further information about aspects of agroforestry 

which have not been previously considered. 

(ii) Practicability and Success with Applying Agroforestry Practices 

No other studies in industrialised countries have reported on 

the impact of the opinions of farmers about the practicability 

of applying agroforestry practices. Neither has the extent to 

which success with applying these practices influenced farmers' 
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involvement in agroforestry been considered. Considerably more 

research, however, has been undertaken within the context of 

industrialising nations which described the use of agrof orestry 

practices by farmers. 

While there has been a substantial increase in industrialised 

country interest about agroforestry practices, particularly by 

foresters, most work associated with describing these practices 

has come from experiences in research stations and forests 

managed by governments. Research in other countries as well as 

Australia has, however, been identif~.ed which reported on 

farmers' use of bush management, and shrub and tree growing 

practices. No work has been done · to relate this to their 

decisions about involvement in agroforestry. Hence the present 

study's description of the impact of the experiences of farmers 

with applying such practices on their involvement in 

agroforestry has provided a perspective which substantially 

adds to previous research both in this country and overseas. 

(iii) Species Preferences 

While species selection has been an important part of 

agroforestry research throughout the world, comparatively less 

work has been done to characterise farmers' decisions about 

this. This situation has been found to be the case, 

particularly in industrialised countries in general, and 

mediterranean climates in particular, where fewer choices of 

multipurpose shrubs and trees were available for farmers. While 

concerns about the availability of multipurpose species for 

combined conservation and production oriented objectives have 

been raised in Australia, New Zealand, the U.S., and the U.K., 

substantial research had been instigated in Western Australia 

to overcome this. By the time of the present study's survey, 

fast growing stock fodder and eucalypt oil producing species 

had been planted to varying extents on properties throughout 

the agricultural areas of Western Australia and parts of the 

study area in particular. However, the extent to which this 

background of research and on-farm experience with species 

selection had shaped the decisions of farmers in the study area 

to become involved with agroforestry was uncertain at the time 

of the present study. 
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2.6 CHAPTER SUMMARY 
This chapte r has established t he theoretical foundation s f o r 

i dentifying the factors which might have influenced apparent 

di fferences between farmers. The theoretical rationale has been 

discussed for selection of eight sets of variables which 

characterise the internal farmer and family farm business 

r elations of production. These variables were drawn from a 

t heoretical review of the literature about the adoption of 

i nnovations , the farm as a family business and sustainable 

agriculture. Chapter Three operationalises the conceptual model 

by developing measures and categories of agroforestry 

i nvolvement in the study area. 
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3.1 INTRODUCTION 
The purpose of s chapter is to establish a basis for 

measuring differences in farmer involvement in agroforestry. 

The agrof orestry practices in the study area are distinctly 

different from forestry options in higher rainfall zones where 

economic objectives are of paramount concern, rather than land 

conservation objectives with secondary economic benefits. As 

discussed in Chapter One, previous research in agroforestry has 

mainly concentrated on describing farmer involvement in the 

high rainfall zones, having considered the growing of shrubs 

and trees, or bush management, in isolation from each other. 

While the agrof orestry systems used throughout Australia have 

been classified to enhance their evaluation, development and 

extension (Reid, 1986), farmers have not been categorised 

according to their involvement with these land-use practices. 

Various criteria have, however, been used by others to classify 

Australian farmers in relation to their attitudes towards soil 

conservation. These vary from 'protectors' and 'non-protectors' 

in Queensland (Rickson et al. 1987) to 'the old school' and 

'the young turks' in the wheatbelt of Western Australia (Fry 

and Goss, 1985). The findings of these and other researchers 

have been drawn upon in this chapter to classi farmers 

according to several empirical measures of the types of ir 

involvement in agrofore . The classification is also based 

on the definition adopted by the National Agroforestry Working 

Group and applied in Western Australia (see Glossary, and 

Chapter 1.1 : 'Introduction to the Study'). 

For the purpose of describing contemporary agroforestry in the 

study area the commonly used practices have been grouped into 

three main categories of activity which are with 

agriculture in different parts of the environment. These 

categor s of agroforestry activity are : (1) growing trees on 

farmed land, (2) growing shrubs and trees on discharge areas 

and waterways, and (3) bush management (see 'Glossary' for 

descriptions of these terms) . Hence, agroforestry in the study 

area includes bush management practices, and the growing of 

shrubs and trees by either planting or allowing the natural 

vegetation to regenerate. The focus of this chapter is 

therefore upon the centre of the conceptual model where these 
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practices are postulated as indicators of agroforestry 

involvement (Chapter One, Figure 1.2). To describe farmer 

involvement in agroforestry, two questions can be posed : 

(a) what are the broad dimensions and characteristics of farmer 
involvement in agroforestry in southern Western Australia? 

(b) do distinct groups of farmers with different kinds of 
agroforestry involvement exist in southern Western 
Australia? 

With comparable data unavailable, nor similar research which 

compared and described farmers and farm family businesses in 

relation to their agroforestry involvement, two random sample 

surveys were undertaken to collect data in the study area. In 

the first instance, a random sample survey of farmers in 1988-

1989, the Great Southern Tree Growing Survey, provided the main 

source of data used for explaining the farmers' perspectives on 

involvement in agroforestry. A total of 655 survey responses 

was received, with a response rate of 63.65 per cent. This 

encouraging response rate appears to reflect general interest 

in the subject of the survey, as well as general community 

awareness of the survey being undertaken through publicity in 

the local press. The survey respondents represent about 21 per 

cent of the total number of 'broadacre' establishments 

producing cereal grains or livestock, or both, in the fifteen 

shires surveyed (Table 3.1). 

Having sufficient size, the sample is a reasonably accurate 

representation of the total population of broadacre farming 

establishments with 95 per cent reliability, plus or minus 4 

per cent (de Vaus, 1991 : 71). The Great Southern Tree Growing 

Survey was supplemented by a 1991 survey, the Family Structure, 

Indebtedness and Decision-making Survey. In the second survey, 

a randomly selected subset of the original respondents (except 

for the eight who did not give their names) was interviewed to 

collect personal data which was not asked for in the first 

survey because of its sensitivity (see Chapter 2.2.2 'Family 

Business Variables'). The personal information collected from 

this random sample survey of 112 (17 per cent) of the original 

respondents in all fifteen shires was obtained by using 
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TOTAL RANDOM PERCENT TOTAL TOTAL PER CENT % SUR VEYS 
RANDOM SAMPLE RCVD AG RIC. BROADACRE BROADACRE RCVD 

SAMPLE RECEIVED EST ABS. FARMING EST ABS. OF TOTAL 
SHIRE DISTRIBUTED (RCVD) EST ABS. BROADACRE 

E.STABS. 

1. E.SPERANCE 233 135 57.93 539 534 99.07 25.28 
2. CRANBROOK 43 25 58.14 194 193 99.48 12.95 
3. PLANTAGENET 193 Ill 57.51 441 438 99.32 25.34 
4. LAKE GRACE 95 68 71.58 291 290 99.66 23.45 
5. KATANNING 35 20 57.14 110 108 98.18 18.52 
6. KENT 36 19 52.78 185 185 100.00 10.27 
7. KOJONUP 75 44 58.67 268 267 99.63 16.48 
8. JERRAMUNGUP 57 34 59.65 195 195 100.00 17.44 
9. WOODANILLING 33 21 63.64 78 77 98.72 27.27 
10. DUMBLEYUNG 30 15 50.00 133 132 99.25 11.36 
11. T AMBELLUP 29 20 68.97 92 88 95.65 22.73 
12. GNOWANGERUP 47 30 63.83 201 201 100.00 14.93 
13. ALBANY (1) 47 47 100.00 125 125 100.00 37.60 
14. BROOMEHILL 40 24 60.00 80 80 100.00 30.00 
15. RA VENSTHORPE 36 34 94.44 191 190 99.48 17.89 
No name for respondent given 8 

TOTAL STUDY AREA 1029 655 63.65 3123 3103 99.36 21.11 

( 1) Selected subset of establishments with rainfall of 800mm or less 

telephone interviews. The pre-testing procedures, format and 

structure of these two surveys are outlined in Appendices 1 3, 

along with cop of the questionnaires. 

Figure 3.1 identi the location of the respondents' 

properties in relation to the national parks and nature 

reserves over 2000 hectares in the study area. The other areas 

on this map without farm locations can be assumed to consist of 

smaller nature reserves and vacant Crown Land. 

3.2 THE MEASURES OF FARMER INVOLVE!mNT IN 
AGROFORESTRY 

The following two sections describe the measures of 

agroforestry activity in the study area and use these measures 

to define categories of farmer involvement with these 

practices. The theoretical background is first provided for 

selection of the variables which are employed for measuring 

involvement in agroforestry. This is followed by a discussion 

of the methods used and the results of the multivariate 

analyses applied to speci these dimensions of agroforestry 

involvement. The classification system is then used in the 

second part of this section to characterise in a general way 

rly distinct groups of farmers with differing types of 

involvement in agrofore 



This first subsection is divided into three parts in order to 

describe the methods used for identifying the main dimensions 

of agroforestry involvement in the study area 

• variable selection 
• dimensions of involvement in agroforestry : PCA 
• spatial factors influencing agroforestry involvement. 

Variable Selection 

To measure farmer involvement in agroforestry, eight variables 

have been selected from the Great Southern Tree Growing Survey. 

These variables measure 

(1) bush area (ha) as percentage of main income earning 
property 

(2) percentage of bush area fenced from livestock 
(3) percentage of bush area grazed 
(4) number of trees planted in 1987 
(5) number of trees planted pre-1987 
(6) number of trees planted in 1988 
(7) shrubs planted pre-1987 through 1988 (yes/no) 
(8) shrub and tree growing only on discharge areas and 

waterways in 1988 (yes/no). 

The present study is unique for having used all of these 

measures of agroforestry involvement to classify farmers. In 

some instances these variables have been used by other 

researchers for measuring changes in the performance and 

activities of agricultural enterprises, while in others they 

have not been previously tested. 

The three variables in the present study used for measuring 

bush management (the percentage of bushland which remains on 

farms and the extent to which this is fenced or grazed by 

livestock) have not been employed in other industrialised 

country situations to describe agroforestry involvement. This 

is most likely due to other researchers having considered that 

this was not a useful measure of agrof orestry because of the 

low percentages, if any, of farmers who have retained native 

vegetation. However, in Australian studies which are relevant 

to the study area, the percentage of bushland has been found to 

be a useful variable for describing the decisions of farmers 

about tree growing in Victoria (Barr et al. 1992) and South 

Australia (Craig, Smith and Sheahan, 1983; Howett and Lothian, 

1988). It appears from these studies that the farmers with less 

bushland planted more trees. Findings to the contrary, however, 



have been reported in relation to forestry in the Manjimup area 

of southwestern Australia. In this instance, the farmers with 

high percentages of bushland were more likely than others to be 

willing to enter into pine sharefarming agreements with the 

State government (Soutar and Wallis, 1986). With regard to the 

two remaining bush management variables in this study, the 

percentages of bushland that are either fenced from livestock 

or grazed by them have not been reported in similar studies 

about farmers in other parts of Australia. However, low bush 

fencing levels were in the WA wheatbelt study of 

native vegetation management by Coates (1987), but no 

comparisons were made with involvement in growing shrubs and 

trees. 

The five variables measuring involvement with growing trees and 

shrubs in the study area are similar to those used in other 

studies about agroforestry. Tree planting levels were reported 

by many farmers for the time period pre-1987 and 1987, but 

fewer reported plantings in 1988. Even fewer having 

planted shrubs at all during the total time period. Hence a 

variable was created which measures the presence or absence of 

shrub plant during all three time ods. Another binary 

variable has also been constructed which describes only the 

non-farmland siting of shrub and tree growing practices. While 

these five variables provide some measures of the 'degree' of 

farmer involvement in agroforestry, this research has primarily 

employed them, along with the other bush management and 

locational variables, to identify the 'types' of stry 

involvement. The combining of continuous and variables 

is, however, likely to reduce the precision of measuring 

agroforestry involvement compared to having purely continuous 

variables. 

Once the present study identifies these types, and then 

classifies farmers according to their involvement with them 

(see Chapter 1.1.2 'Aim, Goals and Objectives'), subsequent 

studies will be better able to empirical measure degrees o 

farmer involvement in agroforestry - thus accounting for more 

than just the volume of plant . Other Australian researchers 

have, however, reported a range of relationships between the 

sties of farmers and the number of shrubs and trees 
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they have planted. Such studies have been done, for example, in 

Queensland (Lesleighter and Shelton, 1986), New South Wales 

(Sinden and Schaefer, 1969), Victoria (Cary et al. 1986; Barr 

et al. 1992), South Australia (Dowling, 1985; Howett and 

Lothian, 1988), and Western Australia (Fry and Goss, 1985; 

Coates, 1987). Similar variables measuring involvement in shrub 

and tree growing have also been employed in other 

industrialised countries such as America (Greene and Blatner, 

1986), New Zealand (Morey, 1988), and Scotland (Scambler, 

1989). 

The eighth, and last, variable measures the extent to which 

respondents in the study area grew shrubs and trees only on 

discharge areas and waterways on their farms. Similar questions 

have also been tested in other studies about agrof orestry in 

relation to the use of unproductive farmland sites. In the 

industrialised country situation, for example in New Zealand, 

the farmers most actively involved in agroforestry preferred 

their plantings to be located on steep and/or relatively 

unproductive land (Morey, 1988). Australian research, for 

example, in Victoria (Vanclay and Cary, 1989; Barr et al. 1992) 

and South Australia (Dowling, 1985; Howett and Lothian, 1988), 

found that farmers mainly planted unproductive, discharge areas 

and waterways rather than paddocks, hilltops and other recharge 

sites. 

These findings in other states suggest that farmers have not 

widely adopted the current knowledge in agrof orestry - that the 

growing of shrubs and trees on discharge areas and waterways 

can be effective in some situations, but that recharge site 

plantings are also necessary in most cases for controlling 

salinity (Schofield et al. 1989; Schofield, 1991). No studies 

describing where farmers located their farm tree plantings have 

been conducted in WA, but research into attitudes towards pine 

afforestation to the west of the study area found that farmers 

were mainly willing to commit marginal land to forestry (Soutar 

and Wallis, 1986). 

Dimensions of Involvement in Agroforestry : PCA 

To reveal the underlying dimensions of agroforestry involvement 

in the variables described in the previous section, principal 



components analysis (PCA) has been used. PCA operates on the 

intercorrelation matrix of the variables (see Appendix 9) . This 

technique is commonly used to compress complex data sets and 

makes fewer prior assumptions than common factor analysis. 

Considerable loss of information and detail can, however, occur 

because low response variables are removed so that only those 

variables which all observations (farmers) respond to are 

included in the analysis. Despite this limitation, this form of 

factor analysis has been widely used as an exploratory 

technique to reduce the number of variables for analysis by 

creating smaller numbers of composite variables which are 

independent of each other (Johnston, 1978; Marradi, 1981; Sokal 

and Rohlf, 1981; Dillon and Goldstein, 1984; Blank, 1986; 

Ginsburg et al. 1986). A more complete description of the 

procedures used for applying PCA in this study is reported in 

Appendix 4. 

To provide answers to this first question posed of the data, as 

well as undertake other multivariate analyses of the farmer 

surveys, the SAS System has been used (SAS Institute, 1989) . 

Where appropriate, logarithmic transformations have been used 

to normalise the seven variables incorporated into the analysis 

(see Appendix 4.3). One low frequency variable ('number of 

trees planted in 1988') was removed, leaving seven variables to 

be ultimately subjected to PCA. After orthogonal rotat of 

the factor matrix for improved interpretation of the factors, 

the components were clearly separated and three broad 

dimensions of agroforestry involvement in the study area were 

distinguished (Table 3.2). 



Source: 

Variable description 

Percentage o f bwh area fenced fro m live.stock (l og) 

Percentage o f bush area grazed 

Number o f trees planted in 1987 OogJ 

Number of trees planted before 1987 ( logJ 

Bwh area( ha) as percentage o f f\.llE property area(lC1g) 

Shrubs planted before 1987, during 1987 or 1988 

Shrub an:1 tree growing oaly on discharge 
areas and waterways m 1988 

Vanance expl:uned by each factor: 

Tola! vanance explained : 63.46% 

Eigeovalue.o1 

Rolated FactC1r Pattern 

Number o f observations : 175 

F net or Loedings 

FACTOR I 

0.88388 

-0.86156 

-0.06029 

0.0!009 

0.39651 

-0.15348 

-0.021 70 

26.50% 

J.854 

Great Southern Tree Growing Survey, 1989 

FACTOR 2 FACTOR 3 

-0.01592 0.01432 

0.01()73 0.1 0695 

0.89623 0.00227 

0.8937 0 0.05931 

-0.13241 0.48361 

0.23853 0.56324 

0.04601 0.69ll04 

22.1 2% 14.85% 

J.548 l.03Q 

The first factor from this analysis of invo lvement in 

agroforestry is an indicator of 'bush management'. It explains 

26 per cent o f the original variance in the data set and has 

three var i ables with loadings greater than 0.25 on this factor 

(Table 3. 3) . 

FACTOR I Label 

Bush management 

Item 

percentage of bush area 
fenced from livestock 

percentage of bush area grazed 

bush area (ha) as percentage 
of MIE property 

Source: Great Southern Tree Growing Survey, 1989 

Loading 

0.88388 

-0.86156 

0.3965 1 

The strongest positive loading on the variables is for the 

percentage of bush fenced, while negatively ass ociated with 

this factor is the percentage o f bush grazed on respondents' 

properties. The percentage of bush on a farm is less strongly , 

but positively, associated with the percentage fenced. Hence 

this factor mainly distinguishes differences in bush management 

- at the positive end are the bush managers who are fencing it 

o ff fr om their livest ock, and at the opposite end are tho se who 

have less bushland on their farms and are grazing more o f it . 
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The second factor is composed of variables which are indicators 

of 'tree growing on farmed land' (Table 3.4). 

FACTOR 2 Label 

tree growing on 
farmed land 

Item 

number of trees planted in 1987 

number of trees planted before 1987 

Source: Great Southern Tree Growing Survey, 1989 

Loading 

0.89623 

0.89370 

Factor 2 accounts for 22 per cent of the total variance in the 

data set on measures of farmer involvement in agroforestry. 

This new composite variable draws together two individual 

variables measuring the volume of trees grown before 1987, and 

in 1987. Both have positive impacts, with the 

strongest being, respectively, the number of trees planted in 

1987, and before 1987. 

The third dimension of involvement in agroforestry in the study 

area is an indicator of 'shrub and tree growing on discharge 

areas and waterways' (Table 3.5). 

FACTOR 3 Label 

Shrub and tree growing on 
discharge areas and 
waterways 

Item 

shrub and tree growing only on 
discharge areas and waterways in 1988 

shrubs planted before 1987, 
during 1987 or 1988 

bush area (ha) as percentage 

Source: Great Southern Tree Growing Survey. 1989 

Loading 

0.69904 

0.56324 

0.48361 

This third factor explains comparatively less of the original 

variance in the data set than the previous two (14 per cent), 

and has three variables. The rst two loadings describe a 

positive commitment to the growing of shrubs and trees only on 

discharge areas and waterways in 1988, and to shrub growing, 

possibly.since before 1987. Although the weakest loading is on 

the percentage of bush remaining, the presence of this variable 

adds further credence to the relevance of bush management for 

measuring agroforestry involvement. 

There is an important locational variable associated with this 

dimension of agroforestry involvement - the growing of shrubs 

and trees only on discharge areas and waterways in 1988. The 



variables in this third dimension of agroforestry involvement 

thus describe the increased emphasis of farmers during the late 

1980s on growing shrubs, particularly on discharge areas and 

waterways. Hence the description of this new composite variable 

has been abbreviated to reflect this location specific emphasi s 

by the label 'shrub and tree growing on discharge areas and 

waterways'. This factor thus provides a measure of activities 

re l ated to the growing of shrubs and trees, mainly on 

unproductive sites which are not located on farmed land but are 

waterlogged or inundated for varying periods of time. 

Spatial Factors Influencing Agroforestry Involvement 

The three new composite variables - bush management, tree 

growing on farmed land, and shrub and tree growing on discharge 

areas and waterways - provide a reasonable distillation of the 

main dimensions of agroforestry involvement in the study area. 

In addition, the spatial distribution of the involvement of 

farmers with these three dimensions possibly varies. For each 

of these new composite variables measuring the dimensions of 

agroforestry involvement a factor score can be generated from 

PCA for each farmer. These are used in nearest neighbour 

analysis to see if any spatial groupings occur which may be 

associated with locational or other influences. To accomplish 

this, twenty kilometre square grids were used to identify if 

there is any spatial clustering of the respondents' grid mean 

scores in relation to these new dimensions of agroforestry 

involvement (Figure 3.2). A histogram reports the number of 

responding farmers per grid square. As the study area has a 

mixture of small and large farm sizes, the 164 grids which had 

responding farmers have an average of 3.66 farms in each. Blank 

grid squares either had no farmers in them (e.g. parks and 

reserves), or no farmers who responded to the survey 

questionnaires. No minimum number of farmers per grid square 

was designated for this research. Despite the possibility of 

low frequencies of farms per grid square, this provides the 

opportunity to identify if there are any distributional trends 

in the spatial data. For example, in this PCA there are 45 

grids with only one farmer in each, 25 grids with two farmers, 

10 grids with three farmers, and 10 grids with four or more 
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(c) 

KEY 
High Grid Mean Score 

+ 1.00 or more 

-t-0.01 to -t-0.99 

-1.00 or less 

no data available 

Low Grid Mean Score 

4or 
More 

#Farmers I Grid 

0 1020304050 
#Grids 

Figure 3.2 : The dimensions of agroforestry in the study area : mean factor scores for 20 km square grids 
(a) bush management, (b) tree growing on farmed land, (c) shrub and tree growing on 
discharge areas and waterways 

Source: Great Southern Tree Growing Survey, 1989 
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farmers in each. Hence half of the grid squares have more than 

one responding farm in each. Nearest neighbour analysis applied 

at the grid square level (see Appendix 4 for a more complete 

description of the procedures used) found that spatial 

clustering has occurred in relation to all three composite 

variables which describe the dimensions of involvement in 

agroforestry (Table 3.6). 

Factor Grid Mean 
No. Mean Density of Obsen1ed Nearest 

Score No.of Farmers per Distance Neighbour ZR p 
Variable Rank* Farmers square km (km) (Ra) Statistic (RY. Test Value 

1 Bush management A 36 0.0004 24.915 22.838 1.090 -1.043 0.1492 b 
B 50 0.0006 19.493 19.379 1.005 -0.079 0.4721 b 
c 47 0.0006 17.791 19.988 0.890 1.441 0.0749 c 
D 36 0.0004 19.416 22.838 0.850 1.719 0.0436 c 

2 Tree growing on A 36 0.0004 21.154 22.838 0.926 0.846 0.2005 b 
farmed land B 46 0.0006 16.657 20.204 0.824 2.277 0.0116 c 

c 50 0.0006 16.208 19.379 0.836 2.213 0.0136 c 
D 37 0.0004 20.104 22.528 0.892 1.251 0.1056 b 

3 Shrub and tree A 26 0.0003 26.423 26.874 0.983 0.163 0.4364 b 
growing on discharge B 37 0.0004 20.114 22.528 0.892 1.246 0.1075 b 
areas and waterways c 90 0.0011 13.992 14.444 0.968 0.567 0.2877 b 

D 16 0.0002 26.301 34.258 0.767 1.777 0.0384 c 

* Grid Mean Score Rank : ** Pattern Type : 
A + 1.00 or more a - more dispersed than random (1) R= RaJRe 
B +0.01 to +0.99 b -random 
c 0.00 to -0.99 c - more clustered than random 
D -1.00 or less 

Source: Great Southern Tree Growing Survey, 1989 

The spatial clustering of the grid mean factor scores for 

farmer involvement with bush management was found to differ 

statistically from the random expected pattern (p < 0.10), as 

did the mean scores for tree growing on farmed land, (p < 

0.05), and shrub and tree growing on discharge areas and 

waterways (p < 0.05). The mean factor scores in the grids 

distinguish the location of bush management activities from 

shrub and tree growing in the study area. 

In relation to the first dimension, bush management, the grids 

with a mean score rank of less than 0.00 appear to be clustered 

in the western part of the study area. While these low grid 

mean scores indicate minimal farmer involvement with bush 

management, in the same region the grid squares were clustered 

which have the highest mean score ranks for tree growing on 

farmed land. In addition, ranks with lower grid mean scores 

(0.00 to -0.99) for the second dimension, tree growing on 
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farmed land, are mainly clustered in the southwest and 

northwest. In relation to the third map, depicting shrub and 

tree growing on discharge areas and waterways, limited 

clustering occurs for ranks with the lowest mean scores in the 

central to eastern parts of the study area. 

These findings indicate that this factor analytic definition of 

involvement in agroforestry has the potential to enhance 

understanding of the farmers' perspectives on involvement with 

these land-use practices in varying parts of southern Western 

Australia. The first question asked of the survey data - define 

the main dimensions of farmers' involvement in agroforestry -

has thus been answered. In addition, there are some inferences 

and unique findings from the foregoing analysis. 

At the outset, the first factor characterising agroforestry 

activities in the study area, labelled 'bush management', is an 

interesting and unexpected feature resulting from this initial 

stage of multivariate analysis. As discussed in Chapter One, 

this composite variable has not been used by other researchers 

in an integrated manner with measures of shrub and tree growing 

for explaining farmer involvement in agroforestry. In no other 

studies has such a series of inter-related bush management 

questions (percentage of farm in bush, percentage bush fenced 

and grazed) been tested. Similar research about agroforestry in 

Australia and other industrialised countries has implicitly 

assumed that measurements of planting amounts, locations, and 

types will be the most precise indicators of farmer 

involvement. However, the present study's measurement of the 

combination of farmer involvement in bush management, tree 

growing on farmed land, and shrub and tree growing on discharge 

areas and waterways may well be more precise indicators of 

agroforestry activity. 

The second factor, 'growing trees on farmed land', was not a 

surprising result of the principal components analysis. This 

agroforestry activity is increasingly being practised on farms 

in the study area, and throughout Australia. However, the third 

independent set of relationships provides unique inferences for 

describing agroforestry involvement on land unsuited to 

traditional forms of agriculture. The clearing of bushlands for 
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agricultural enterprises during the last century has caused 

salinisation to spread to productive soils on farmed land from 

adjacent discharge areas and waterways (Conacher, 1982, 1990). 

Secondary soil salinisation has widely reduced the productivity 

of traditional crops and pastures, particularly on the most 

fertile farmlands. To reduce further land degradation, farmers 

have increasingly been managing discharge areas and waterways 

by fencing them from livestock, allowing natural regeneration 

to occur, as well as growing salt-tolerant fodder shrubs, and 

native and exotic species. Other agroforestry practices which 

have been applied on farms to reduce salinity problems include 

midslope, upper slope and recharge zone plantings. In general, 

however, farmers the world over have resisted such vegetative 

interventions on farmed land. Hence this third factor describes 

an important new composite variable that contributes to 

explaining the dimensions of agroforestry as a land-use 

practice in the study area. 

With land degradation problems, as well as rainfall and 

economic aspirations having been found to influence farmers' 

decisions about agroforestry, it is apparent that use of these 

new land-use practices may be affected by a range of factors. 

The potential importance of spatially- related factors in the 

physical environment is reflected by seventy per cent of the 

survey respondents who reported land degradation problems in 

the five years preceding the survey of 1988-89. The locations 

of the worst land degradation problems that they identified are 

illustrated in Figure 3.3. 

The older agricultural areas in the western, higher rainfall 

zones appear to have more salinity and waterlogging problems. 

These problems were reported as the worst land degradation 

problem on 32 per cent of the farms. Wind erosion was mainly 

reported as the worst problem on the sandplains in the 

southern, central and eastern parts of the study area by 22 per 

cent of the farmers . Other land degradation problems, such as 

water erosion, were also reported by the remaining farmers to 

have occurred. However, there is no apparent spatial pattern 

for these other problems in the study area. 
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3.3 THE CATEGORIES OF FARMER INVOLVEMENT IN 
AGROFORESTRY 

The second question posed in this chapter seeks to find out if 

there are distinctive groups of farmers in the study area who 

have similar kinds of agroforestry involvement. Having 

ous identified three dimensions of farmer involvement in 

ry, cluster analysis was used to uncover the 

structure in these multivariate data. This analytical approach, 

employing two conceptually different techniques of data 

reduction, has been used by other researchers to veri 

assumptions of homogeneity within data sets (Anderberg, 1973; 

Everitt, 1980; Manly, 1991). After common logarithmic 

transformation of the skewed variables and removing the 

outliers, the density method (Anderberg, 1973) optimally 

separated the data from a collection of observations lacking 

pattern into three reasonably distinct groups of farmers with a 

range of mean values for each variable (Table 3.7). 

Source: 

Density cluster pattern 

Number of observations : 175 

Mean Values 

Variable description CLUSTER! 

Percen.tage bush area fenced 
from livestock (antilog) 2.06 

Percentage of bush area grazed 99. 99 

Number of trees planted in 1987 (antilog) 436.0 

Number of trees planted before 1987 (antilog) 933. 0 

6. 50 

0. 21 

Shrub and tree only on discharge areas 
and waterways 

notes: 
( l) mean values closest to 1. 0 0 indica.te the most shrub 
( 2) mean values closest to 1. 00 indicate the most use 

Great Southern Tree Growing Survey, 1989 

0. 05 

CLUSTER2 CLUSTER3 

26. 91 7. 60 

9. 79 73 .14 

323. 0 407. 0 

1071.0 1202. 0 

10.23 . 91 

0.20 o. 33 

0.11 0.16 

Based upon interpreting the results of this cluster analysis, 

the three groups of farmers in the study area which were 

identified have the following general characteristics relative 

to each other 
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The first cluster group, labelled the 'bush grazers/planters', 

have the least amount of bush compared to the other 

respondents. They have the smallest percentage area of bush 

fenced, with the largest percentage area of bush grazed by 

livestock. Despite having fenced 2.06 per cent of their bush, 

they allow their stock access to these areas as well as the 

unfenced bushland, most likely for shade, shelter and dry 

season drought fodder. These farmers planted the fewest trees 

pre-1987, but they planted more than other farmers in 1987. As 

many other farmers have done, they most likely have planted 

mainly for aesthetic reasons around the drive, sheds and 

homesteads. They also planted about the same small amount of 

shrubs as other farmers during s period of time. 

The second group, which represents the biggest number of 

farmers in this survey, have kept the amount of bush. 

These farmers, labelled the 'bush fencers/planters', were 

average planters pre-1987, and again average tree planters in 

1987. They have also grown average amounts of shrubs compared 

to the others in the survey. This is possibly because they 

consider that with adequate bush, there is limited need to 

expand their involvement with growing shrubs and trees. These 

farmers have planted about the same amount of discharge area 

and waterway locations as other s . They are careful 

bush, having fenced the most, and allowed their livestock to 

graze the least. Control over bush grazing is 1 ly to have 

resulted less from favourable attitudes towards the 

of biological diversity (see Coates, 1987; Greening Western 

Australia, 1991; Pigott, 1991) than the farmers' historic 

to prevent their livestock from being harmed by toxic nat 

plants. Poisonous plants have been eradicated from bushland 

areas that were developed for agricultural use by clearing, 

burning, repeated root removal operations, and cultivation. 

However, in bushland that was unsuitable for crops and pasture, 

fencing off the areas where poison plants were suspected was a 

more effective management since removing these native plants 

was not certain to prevent their regeneration. This problem is 

particularly severe in bushland areas of southwestern Austral 
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Figure 3.4 : Means of the variables measuring farmer involvement in agroforestry by cluster group 
Source: Great Southern Tree Growing Survey, 1989 
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which have mixed mallee and sandplain soils, like much of the 

study area (Burvill, 1971; Meadl y, 1979). 

The third cluster group of farmers, labelled the 'planters/bush 

fencers', have kept about the same percentage of bush as other 

farmers. These farmers have planted the most pre-1987, and 

again the most in 1987. The largest amount of this planting 

activity was on discharge areas and waterways compared to other 

sites. They have fenced about the same amount of bush as 

cluster one, and their livestock graze comparable percentages 

of this. They are, however, the largest shrub planters. This 

group appears to be characterised by a mixture of clusters one 

and two, but distinguished by the location and large volume of 

their plantings. 

The mean values for the variables which were found to describe 

the dimensions of agrof orestry illustrate the hierarchy of 

relationships differentiating the three cluster groups (Figure 

3.4). Some general differences can be identified between these 

groups of farmers in relation to the types of their involvement 

with the three dimensions of agroforestry. Even though the bush 

grazers/planters in cluster one planted more trees in 1987 than 

other farmers, they are generally the least innovative with 

respect to their overall involvement in shrub and tree growing 

or bush management practices. The cluster two bush 

fencers/planters represent a group of farmers who are clearly 

less involved in grazing their bushland areas than other 

respondents, having also planted more than cluster one. The 

planters/bush fencers in cluster three are less involved with 

bush fencing, but more committed than any of the other 

respondents to the growing of shrubs and trees, particularly on 

discharge areas and waterways. 

166 



Factor 1 
3 -

(a) 

2 -

1 -

0 -

-1 -

-2 -

-3 

CLUSTER *** 

Factor 1 
3 - (b) 

2 -

1 -

0 -

-1 -

-2 -

-3 

+ 
+ + 

+ + + ++ 
+-ii-

+ 

+ ~. 

+ 

. 
* 

. . 

* * * * 
* 

-2 -1 

+ + 
+ + + 

+ ++ + 
+ t 

+• t + 

--+ + + 

+ . 
'-* . . . 

*• 
*" * •* 1: 

* * 

++ + + ++ 

* + 
+ 
++ 

+ + . 
+ 

. 
*; 

.* *.* * * * 

* 

0 

Factor 2 

t 
. 

+ 

+++ 
.++ . 

··+ 
+ 

t· + 
*· . . 

* * 
** * 

+ + 

+ 

.. 

(1) Bush Grazers/Planters +++ (2) Bush Fencers/Planters 

+ 

-2 

* 
* 

+ + + 
+++ + 

+ + )!.++ +t: + 
+ + '1-+.f 

+ 
+ • 

iJ+ + 

• + . . . 
. 

*. ·* 
*ii:* *:t * ... * 

-1 

* 

+ + 

** * • * * 
* 

0 

Factor 3 

+ 
+ ++ + 

.+ + 
+ + . 

+ •• + 
+ 

+ + 

* ~ . 
* * 

.... ·** 
* * 

+ 

++ + 
+ + 

.. + 

. . 
•* 

* 

2 3 

... (3) Planters/Bush Fencers 

+ 

+ 

+ 

* 

2 3 
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Source: Great Southern Tree Growing Survey, 1989 
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This pattern of relationships thus permits classification of 

all farmers responding to the sample survey into somewhat 

distinct groups, so that it is possible to quantify the extent 

to which there are differences in types of agrof orestry 

involvement. The three clusters of farmers were not, however, 

found to be equally differentiated by all three dimensions of 

agroforestry involvement. The cluster groups have been plotted 

against the factor scores for each farmer in relation to their 

relative involvement with the three dimensions of agroforestry 

(Figure 3.5). These plots illustrate that the clusters are not 

completely distinct groupings of farmers. 

These two plots indicate that factors one and two, as well as 

factors one and three, differentiated the three clusters of 

farmers. In both plots, the first factor separates the three 

cluster groups reasonably well along the vertical axis, with 

clusters one and two the most clearly differentiated from each 

other. A third plot, which has not been reproduced, revealed no 

differentiation between any of the cluster groups in relation 

to factors two and three. From these findings it appears that 

the relationship between factors two (growing trees on farmed 

land) and three (growing shrubs and trees on discharge areas 

and waterways) is based upon variables other than the three 

clusters. Hence this study's classification of the categories 

of farmer involvement in agroforestry is best described by the 

relationship of the first factor, bush management, with the 

second and third factors. 

As it was not an objective of this study to identify if there. 

was any continuum of degree of agroforestry involvement, no 

such inference can be made. While the three dimensions of 

agroforestry involvement are not equally differentiated by the 

classification scheme, this succession of statistical 

techniques has produced a sufficiently robust model to 

differentiate between varying forms of farmer involvement in 

bush management and the growing of shrubs and trees. These 

results statistically confirm the validity of classifying 

farmers according to the three general types of agroforestry

related activity which were postulated in the first chapter's 

conceptual framework for analysis. The number of farmers in 
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Mbany(A) *17 14 9 40 
~roomehill (B) *10 3 *12 25 

ranbrook (C) *12 5 *11 28 
Qumbleyung (D) 4 *7 *7 18 
Esperance (E) 43 *74 27 144 
(tnowaogerop (G) *10 5 *13 28 
Jerramungup (J) 12 *14 9 35 
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~nup(Ko) *20 11 *14 45 
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~tagenet (P) *57 21 *39 117 

ensthorpe (R) 7 *14 6 27 
TIUilbellup (f) *10 2 *8 20 
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* observed value greater than expected value 
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169 

t 
I 





each of the three clusters ca11 now be identified in the fifteen 

shires surveyed (see Table in Figure 3.6). 

While there are fewer planters/bush fencers (cluster 3), almost 

exactly the same number of farmers are found in clusters one 

and two. In addition, the location of the three cluster groups 

in the study area was found by a chi square test to differ at 

the 1 per cent significance level from the distribution they 

would have had if they were distributed proportionally to the 

total population (their 'expected distribution'). 

The bush grazers/planters (cluster 1) are numerically 

predominant in the western part of the study area, and the bush 

fencers/planters (cluster 2) are in the central, eastern and 

northern parts. As with the overlap found in the cluster plots 

(Figure 3.5), in the western part of the study area the 

planters/bush fencers are located in three shires between 

clusters one and two. They also overlap in another shire, 

Dumbleyung, with the bush fencers/planters (cluster 2) . Their 

differential distribution and overlap are also indicated in the 

Table in Figure 3.6, where there is no overlap between clusters 

one and two in terms of the shires with observed values 

exceeding the expected values. There is only one shire 

(Woodanilling) where an excess of observed over expected values 

is unique to cluster three. 

The spatial distribution of these cluster groups of farmers in 

relation to the three categories of agroforestry involvement is 

also illustrated in Figure 3.6. This general mixing of clusters 

suggests that a range of factors, which are not necessarily 

dependent upon physical locations, may be influencing the 

involvement of farmers in agroforestry. A further series of 

analytical steps will be taken in the next chapter to identify 

more explicitly these and other relationships which may be 

affecting agroforestry involvement. 

3.4 CHAPTER SUMMARY 
At the outset, this chapter used PCA to identify the broad 

dimensions and characteristics of farmer involvement in 

agroforestry in southern Western Australia. Subsequently, using 

cluster analysis, reasonably distinct groups of farmers with 

different kinds of agroforestry involvement were found. The 655 



survey respondents have thus been classified into three general 

categories (bush grazers/planters, bush fencers/planters, and 

planters/bush fencers) according to the nature of their 

involvement with the three dimensions, or types, of 

agroforestry in the study area. These dimensions are managing 

bushland, growing trees on farmed land, and growing shrubs and 

trees on discharge areas and waterways. 

This operational definition of farmer involvement in 

agroforestry lends firm, quantitative support to the first 

chapter's conceptual framework which depicts three variables 

for measuring the innovation adoption process. While previous 

researchers have concentrated on assessing the amounts, types 

and on-farm locations of shrub and tree growing to describe the 

involvement of farmers in agroforestry, the findings of this 

chapter confirm that farmers can be more precisely classified 

by measuring their bush management activities as well. Spatial 

variation in the location of farmers according to the 

dimensions of agroforestry involvement is shown in Figure 3.2, 

and according to cluster group in Figure 3.6. 

The next three chapters build upon these foundations to : 

(1) describe the characteristics of farmers, farm families and 

their farming operations which influence their decisions 

about using agrof orestry practices 

(2) generate new, composite variables to describe and analyse 

the main factors influencing the differential involvement 

in agroforestry of this study's random sample population 

of 655 farmers 

(3) identify the possible effects of spatial factors by 

producing a series of statistical maps, and using nearest 

neighbour analysis to ascertain if there are significant 

distributional patterns. 

The original survey had 281 questions, with an additional 25 

questions resulting from a random follow-up telephone survey of 

112 of the responding farmers to collect data on family 

structure and indebtedness. From these questions, 1340 separate 

non-parametric analysis of variance (ANOVA) relationships will 

be tested, using the eight sets of variables, against the three 



cluster groups which were previously defined by hierarchical 

grouping analysis in this chapter. The lack of stinct 

clustering, however, constrains interpretation of these results 

group membership does not indicate clearly defined 

homogeneity of commonly shared characterist 

The eight groups of variables in this study's data set are 

useful indicators of the range of general types of independent 

variables which could be tested for inter-group differences 

with the three reasonably distinct clusters of farmers. Several 

procedures are used to derive new composite variables from this 

data set for describing and analysing not only the three 

different categories of farmer involvement in agroforestry, but 

also the possible influence of spatial factors. These 

procedures are det led in Appendix 4. 

A range of influences can be postulated, albeit from a limited 

l erature on the subject which will be discussed in relation 

to the variables tested by ANOVA. These were derived from a few 

elements of previous work by others, mainly complemented by a 

larger number of variables specifically developed for this 

study's data set. These variables describe not only the 

respondents' general characteristics and management activities 

on their properties, but inter-related aspects of their 

decision-making, ence and opinions about practicabil 

and success with applying agroforestry ices. 

Mindful of the limitations associated with the three indistinct 

farmer groupings, the ANOVA procedure has been applied to 

reduce the large amount of descriptive data and identi 

characteristics of the data which are significantly associated 

with the cluster groups that describe agroforestry involvement. 

In some cases with low group means it must be borne in mind 

that these differences apply to only a small number of farmers 

in each cluster group. Another limitation can also result from 

using ANOVA to test for significance of difference between 

group means when a range of class intervals have been 

constructed from binary classified data. In cases with extreme 

class intervals and few respondents, there may be low group 

mean scores on particular variables which differentiate the 

respondents according to the cluster groupings. Hence, 



variables with low, but significantly different group means, 

are treated the same by ANOVA as those with comparatively 

higher group means. For example, in relation to the variable 

'over 40 years farming experience' (see Chapter Four, Table 

4.1), the group means were found to significantly differ, with 

cluster two having a value of only 0.06 on this extreme 

category. The low mean scores on this variable reflect the 

small number of farmers (sixty-four - 9.8 per cent of the 

sample population) who have this much experience. In other 

instances where there were too few responses (<5 per cent of 

the sample population), after evaluating the F-statistic, some 

of these results have only been recorded in the Appendices 

(Appendices 7 & 8) . 

The ANOVA results are systematically reported in the next three 

chapters. The p-values are reported for each response variable 

to indicate the confidence level to which the null hypothesis 

of no difference between the cluster groups can be rejected. 

Use of these procedures substantially reduces the data set to 

the more significant and important suites of variables in each 

of the eight sets of influences on the farmers' perspectives 

about agroforestry involvement. ANOVA is also an alternative 

model to the cluster analysis techniques which were used in 

this third chapter to define the three groups of farmers. 

Despite different methodologies, application of these two 

techniques can have overlapping outcomes which are useful for 

checking research results (Anderberg, 1973; Blank, 1986) . 

The statistically significant variables produced by ANOVA 

provide the bulk of the framework for generating new composite 

variables by PCA and determining the extent to which both 

spatial and human factors influence agroforestry involvement. 

With the exception of the family structure variables, because 

only four were significant at the 10 per cent level, the PCA 

analyses are based upon the variables which were significant at 

the 10 per cent level. Before submitting them to PCA, variables 

with low response rates were removed, as well as conceptually 

similar variables (e.g. talked with '6 - 10 others, and 11 or 

more others' was replaced by '6 or more others'). 

1~ 



Chapter Four considers the influence of socioeconomic and 

family structure variables on agroforestry involvement. After 

discussing the results from subjecting the data to ANOVA, the 

PCA findings which describe the main factors influencing these 

aspects of farmer involvement in agroforestry are reported. 

Chapters Five and Six discuss the six remaining sets of 

possible influences which are depicted in the conceptual model. 
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CHAPTER FOUR 
THE INFLUENCE OF SOCIOECONOMIC AND FAMILY 

STRUCTURE VARIABLES ON THE PERSPECTIVES OFF ARMERS 
AND FARM FAMILIES ABOUT INVOLVEMENT IN 

AGROFORESTRY 

4.1 Socioeconomic Characteristics of Farmers and Farm Families 

4.2 Family Structure, Indebtedness, and Decision-making 
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4.1 SOCIOECONOMIC CHARACTERISTICS OF FARMERS AND 
FARM FAMILIES 

This chapter provides the results about the first of thre 

general groups of independent variables which have been tested 

for their impact on agroforestry involvement. The first part of 

the chapter reports the results from subjecting the 

socioeconomic data to ANOVA (section 4.lA) and PCA (sect ion 

4.lB) to identify the main factors influencing agroforestry 

involvement. In a similar manner, the second part reports the 

results for the family structure data. Hence this chapter is 

divided into two parts to facilitate reporting and discussing 

the results : 

1 socioeconomic characteristics of farmers and farm families 
2 family structure, indebtedness , and decision-making. 

A summary of the findings concludes the chapter. 

4.lA ANOVA Results : Socioeconomic Characteristics of Farmers 
and Farm Families 

The extent to which the socioeconomic status of farmers 

influences their decisions to become involved in new land-use 

practices such as agroforestry has not been adequately 

explained in the industrialised country context. To identify 

whi ch socioeconomic characteristics influence agrof orestry 

involvement in the study area, 48 presence/absence variab les 

were constructed from the survey questionnaire. These variables 

are used in simple one-way a nalys is of variance to determine 

their re lationships with the three categories of farmer 

involvement in agroforestry, defined in Chapter Three (see 

Table 3 .7). 

Of the nine sets of socioeconomic variables which were tested 

using ANOVA , five were found to be significantly associated at 

the 10 per cent significance level with agroforestry 

involvement . The following socioeconomic c haracteristics of 

farmers, farm families and their farming operations appear to 

have an influence on agroforestry involvement : 

1 years of farming experience 
2 the locatio n of previous farming exper i ence 
3 education level 
4 farm type 
5 farm size 
6 property expansion goals . 
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'Hush Grazers/ 'Bush Fcm·ers/ 'Planters/ 
Planters' l'lanfrrs' Rush Fencers' 
(Cluster (Cluster (Cluster Sign if 

Varialill' No. One) Two) Thrcl') F Proh -iranl 
Ocscripl ion Responses Mean l\fcan Mean Vuluc > 1' (0.10) 

\Vhnt s.-.x ure you? 
male/female 447 0 .86 0.89 0.93 1.80 0.16" 
llow old nre you? 

0.08 0.o9 0.09 0.20 less than 30 years 654 0.814 
30-40 years 6.54 O.<H 0.68 0.64 0.39 0.675 
50-60 year> 654 0.26 0.22 0.25 0.64 0.52(> 
less than 40 years 654 0.43 0.43 0.4.5 0.06 0.938 
4CJ..50ycan 654 0.29 0.33 0.29 056 0.568 
How many years farrning1 

0.12 less Utan 10 years 651 OJI/ 0.09 1.15 0.315 
less than :!O years 651 0.36 0.40 0.39 0.28 0.755 
less than 30 years 651 0.74 0.78 0.71 1.46 0.231 
11-20 years 651 0.29 0.30 0.27 0.3 1 0.733 
21-30 yeari 651 0.37 0.38 0.31 1.13 0.321 
31-40 years 651 0.14 0.15 0.1 6 0 .26 0.770 
more than 40 years 651 0 .11 0 .06 0.1 2 2.83 0.059 
Farmed in other shires oulside 
Western Australia (WA)? 
no r~poase or in sttdy area (composite) 232 0.24 0.27 0.35 1.03 0.356 
in stuiy area 232 0.24 0.27 0.35 l.03 0.356 
other WA •hire 232 0.38 0.28 0.33 0 .87 0.416 
outs ide WA fcorn(X)site) 232 0.39 0.42 0.25 2.92 0.055 
South Austtalia 232 0.15 0.25 0.17 1.47 0.231 
Victoria 232 0.17 0.08 0.01 5.71 0.003 
Tasmania 232 O.Ql 0.02 0.00 0.73 0.481 
New South Wales 232 0.04 0.06 0.05 0.24 0.786 
Queensland 232 0.01 0.00 0.00 l.09 0.338 
N. Territory 232 0.05 0.05 O.Q7 0.14 0.864 
Education level you have reached? 
primary or junior high (year 10) 483 0.42 0.38 0.37 0.42 0.659 
scnic.- high (year 12}, tcclmical college or T AFE 483 0.42 0.39 0.37 0.52 0.592 
agricultural colJcgc or university 483 0.16 0.22 0.26 2 .71 0.067 
Predominant in<'ome earning activity? 
Fann type : mainly sheep (meat) 611 O.Q7 0.10 O.ITT 1.06 0.345 
Farm type : mainly sheep (wool) 611 0.30 0.30 0.24 0.99 0.370 
Fann type : mainly sheep (meal ar<I wool) 611 0.30 0.1 8 O.TI 4.38 0.012 
Farm type : mainly beef 6 11 0.03 0.01 0.02 0.74 0.477 
Fann type: wheal/ sheep 611 0.20 0.23 0.29 2.18 0.113 
Fann type : sheep/ beef 611 0.04 0.Dl 0.04 1.95 0.143 
Fann type: wheal/ beef 611 0 .00 0.00 0.00 0.95 0.385 
non farm inve:1 tment.s : < 20% 29 0.8 1.0 1.0 l.34 0.278 
Farm size (main income earning propE'rly)? 
< lOOOba 643 0.48 0.20 0.35 20.78 0.0001 
> lOOOba 643 0.51 0.79 0.64 20.78 0.0001 
Please compare your net income 
lo other farmers in lhe area : 
above average 617 0.17 0.19 0.24 1.39 0.247 
average 617 0 .69 0.71 0.67 0.36 0.694 
below average 617 o.rn 0.06 0.04 0.63 0.533 
above average or average (composite) 617 0.86 0.91 0.92 1.92 0.147 
Current properly expansion goals? 
expand- no expansion history 636 0.17 0.11 0.16 2.04 0.129 
not expand· expansion history 636 0.25 0.41 0.35 6.50 0.001 
not expand- no expansion histocy 636 0.25 025 0.18 1.48 0.228 
other 636 o.rn 0.06 0.04 t.10 0.332 
expand- UIK:lear history 636 0.41 0.27 0.41 5.85 0.003 
expand- with or without expansion 
history (composite) 

636 0.41 0.27 0.41 6.26 0 .002 

Source : Great Southern Tree Growing Survey, 1989 

4.IA.I Years of Farming Experience 

It appears from Tabl e 4.1 that the duration of the respondents' 

farming experience h as influenced thei r involvement in 

agroforestry (p = 0 . 059 ). The bush grazers/planters (c l uster 

1), and the planters/bush f e n cers (cluster 3) have farmed for 

forty years while the remaining survey farmers , the bush 

fencers / planters, are less experienced . Hence there a r e two 

groups of farmers having had more than for t y years of farming 

experience, but differing types of agroforestry involvement . 

These findings lend support to previous research in this 

country which has correlated this characteristic with 

involvement in fodder tree planting i n Queens land (Lesleighter 

and Shelton , 1986) . 
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some what similar results to the present study were also 

reported in research on New Zealand farmers' attitudes to farm 

forestry (Morey , 1 988 ). While the number of years of farmi ng 

and tree planting are not necessarily equivalent measu res of 

experience , in that study t he farmers with the l ongest 

experience in tree planting were more likely to intend to plant 

in the future. These results have suggested that there was a 

relationship between the extent of farmers' experience a nd 

their involvement in agroforestry. To the contrary , however, 

years of farming experience was found to be negatively 

correlated with the tree growing attitudes of progressive 

Victorian farmers involved in the Potter Farmland Trust (Cary 

et al. 1986). Hence, even though t he socioeconomic variabl e 

'years of farming' was found to influence positivel y 

agroforestry involvement in the study area and Queens land , the 

impact of this characteristic appears to differ from one part 

of Australia to another. 

4.lA .2 Farming Experience Elsewhere 

The second set of socioeconomic variables in Table 4.1 which 

were found to influence involvement in agroforest ry identified 

if survey respondents had previously farmed in parts of 

Australia other than Western Australia. The b ush 

grazers/planters (cluster 1) and the bush f encers/planters 

(cluster two) were associated with having previously farmed 

outside of Western Australia (p = 0.055) . The b ush 

grazers/planters were, h oweve r, most strongly associated with 

having farmed in Victoria (significant at the 1 per cent 

level) . Comparab le studies have not used this set of variables 

in Australia or other industrialised countries to describe 

agroforestry involvement. Hence thes e findings provide new 

information f or explaining the socio-economic, human capital , 

factors influencing the i nvolvement of farmers in agroforestry . 

In addition, these results also pos s ibly reflect regional 

differen ces between states in farming practices and attitudes 

which reinforce the previous findings of the present study that 

the farmers' experience can influence their involvement in 

agrofore s try. 
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4.IA.3 Education 

The c ommonly tested socioeconomic variable , ' e ducat i on l vel', 

also diffe r e ntiated the farmers in t he present s tudy accordi ng 

to the i r involvement in agroforestry . The bush f ncers/planters 

and the planters /bush fencers were the mos t l i kely to have 

reached the level of university o r agricult ure college 

educat i on (p = 0.067). However , only 13 per cent of respondents 

in t he study area reported this l evel of education. While no 

research, other than the present study, has i dentified a 

relationship between involvement in agroforestry and education 

levels , these findi ngs were similar to those of two studies in 

the wheatbel t of· Western Australia. Coates (1 987 ) reported that 

16 per cent of her survey farmers had university or agr i culture 

college levels of education, a nd Fry and Goss (1985) f ound even 

fewer, 6 per cent, with these qualifications. These results 

associating education with agroforestry involvement in a 

mediterranean climate zone were to be expected, as similar 

results have been reported in other regions with higher 

rainf al l. The present study ' s findings replicat e the results of 

s t udies into the factors influ encing adoption of woodland

rel ated production practices in the U.S. (Greene a nd Blatner, 

1986; Jones and Thompson, 1981 ) . Likewise, in a survey of 

f a rmers in Victoria a sta tistically significant relat i onship 

between education and farmer i nvolvemen t in tree planting was 

i dentified (Ca ry et al . 1986 ) . I n that study , the farmers who 

p articipated i n the demonstration soi l conservation and tree 

planting project , ca l led the Pott er Farmland Trust , were a more 

highly educated group than the others. 

4.JA.4 Farm Type 

'Farm t ype ' was also shown by analysis of variance to be 

related to farmer involvement in agroforestry. The bush 

fencers/planters were found to have been least associated o f 

al l respondent s with h aving had enterprises mainly for 

producing sheep meat and wool (p = 0 . 012). These findings 

contrasted with researc h i n Ne w Zealand whic h f ound t hat 

graziers were more l ikely than other farmers to have been 

involved with shel terbelts a nd woodlots (Morey , 1 988) . The 

infl uence of farm type on agro forestry involvement has also 

been ide nti fied in other parts of Australia. In Victori a , Cary 

et al . (1986) reported similar associations in relat i n to tr~e 
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plant ing . The cereal growers were not as committed to tree 

planting as farmers with predominantly grazing ent erprises , 

principally because the y reported that tree s ge t in the way of 

their large machinery . 

4.JA.5 Farm Size 

The variable 'farm size' differentiated the c luster groups of 

farmers at the 99 per cent confidence level. The bush 

grazers/planters (cluster 1) were f ound to be most associated 

with having farm s izes less than 1,000 hectares, while the 

second group (the bush fencers/planters) differed the most from 

the first cluster group by havi ng farm sizes great er than that . 

These r esults illustrate another o f the differences between 

these two groups of farmers, with the planters/bush fencers 

(cluster 3) less clearly differentiated (see Chapter 3 . 3 : The 

Categories of Farmer Involveme nt in Agroforestry). 

These results confirm the r elevance of assessing the impact of 

farm size on the three generalised types of agroforestry 

involvement in southern WA . However, farm size has not been 

correlated with the presence of farm wi ndbreak plant ings in 

America (Disongh, 1991). The present study also d i d not measure 

differences in the 'degree ' o f farmer i nvolvement with this 

agroforestry practice, but researchers elsewh ere in this 

country have f ound an inverse relationship between farm s ize 

and l evels of farm tree growing in general (Dowling, 1985; 

Barr, Wilkinson and Cary , 1 992) . In contrast, others have shown 

that farm size p ositively influences forestry involvement in 

the s outhwest of WA (Soutar and Wallis , 1986 ), and in America 

(Greene and Blatner , 1986 ) and Scot l and (S cambler, 1989). 

4.JA.6 Property Expansion Goals 

The l ast set of socioeconomi c variables which were 

significantly associated with farmer involvement in 

agroforestry , as defined in the study , describes the c urrent 

goals o f farmers in relation to their h istory of prope rty 

expansion . The re l ationship between property expans i on goals of 

farmers and their involvement i n agroforestry has not b een 

previously tested. Three variables on property expansi on and 

farmers ' goa l s i n the study a r ea were identified which varied 
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significantly between the three clusters of farmers defined by 

this study. 

With the first variable there was a distinct preference at the 

1 per cent level on the part of the bush fencers/planters 

(cluster two) not to expand their property holdings in the next 

five years, even though they have had a history of expansion in 

the last decade. However, the first and third clusters, 

representing the bush grazers/planters and the planters/bush 

fencers, were associated in each instance at the 1 per cent 

level with the two other variables which described farmers' 

goals to expand their properties. 

These results were consistent with the previous findings of 

Cary and Holmes (1982) that the property expansion goals of 

Queensland farmers were socioeconomic indicators which 

differentiated them. For example, farmers were identified who 

had expansionary backgrounds and whose goals were associated 

with income maximization and related socially progressive 

behaviour. On the other hand, the Queensland farmers with no 

previous expansion history had social and income-related goals 

that were likely to be compromised by government adjustment 

strategies which encouraged their property expansion. In the 

only other comparable survey of Western Australian farmers 

which tested this variable, Fry and Goss (1985) found that 

expanding the farm business by increasing the property size was 

not as highly ranked a goal as achieving farm and income 

stability. No correlations were made with tree growing 

behaviour as the present study has done. 

Of the remaining sets of socioeconomic variables tested using 

ANOVA, there was no differentiation in relation to farmer 

involvement in agroforestry that was significant at the 10 per 

cent level for gender, age, non-farm investments, and the 

relative income level of farmers. 

On the issue of gender, there has been an increasing number of 

western industrialised country studies on changes in the 

employment patterns of rural women, and in their involvement 

with land management decision-making on family farms (Gasson et 

al. 1988; Whatmore, 1988; Benediktsson et al. 1990; Cloke and 
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Thrift, 1990) . While research in industrialising countries has 

found that the interests of men and women may be 

different in relation to agroforestry (Fortmann and Rocheleau, 

1984, 1985), unforeseen defi ies in the present survey 

questionnaire leave the impact of gender on agrofore 

involvement in rialised countries an open question. The 

possibility for both males and females to fill in the survey 

questionnaire was not controlled, which is a problem that has 

also been encountered with the drop and collect design of 

survey distr ion (Walker, 1976). S it was not possible 

to assess accurately the of gender in this , the 

results of the survey should be considered as having described 

the involvement of farmers and farm families in agroforestry, 

rather than the involvement of a specific group. 

With to the second of the socioeconomic sets of 

variables, the age of the survey farmers, there was no 

statistical fferentiation according to their involvement in 

agroforestry. A similar lack of evidence to substantiate the 

effects of age on farmer sposition to tree plant has 

been reported in Victoria et al. 1986). These findings 

differ from those of Scambler (1989), and Malajczuk et al. 

(1984) who associ respect , older Scottish and Western 

Australian farmers having had no interest in commercial 

tree growing. In contrast, younger farmers in New South Wales 

were found to have given less cons ion to farm forestry 

than their older counte s (Sinden and Schaefer, 1969). 

In addition, there was no statistical differentiat of the 

survey farmers according to the three clusters with to 

their having made non-farm investments. 4 per cent of 

respondents reported such investments. In Victoria, however, 

most commercial euc woodlot owners who icipated in a 

federal funded plant scheme APM ian Paper 

Mills) Forests were not dependent on farm income (Dunchue, 

1990). Likewise, no ass ation was ified between farm 

income level and agroforestry involvement. Sixty-five per cent 

of respondents reported that their farm incomes were average in 

relation to other farmers in the area, while 19 per cent stated 

that had than average incomes. Income levels were, 

however, reported to have been an issue which limited the 
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willingness of farmers in Victoria to grow trees, particularly 

in relation to their increased labour and fencing requirements 

(Cary et al. 1986). The results of the present study were also 

found to have contrasted with the findings of Craig et al. 

(1983) who reported that farmers in the older districts of 

South Australia who had relatively successful farms and outside 

income were in favour of bush retention. Hence while enterprise 

type differentiated the survey farmers according to their 

involvement in agroforestry, income diversification and 

financial success were not associated with farmer involvement 

in agroforestry. 

4.1B PCA Results : Dominant Socioeconomic Characteristics of 
Farmers and Farm Families Influencing Agroforestry 
Involvement 

In the previous section, fifty socioeconomic variables were 

tested by ANOVA for their association with the three categories 

of involvement in agroforestry. The farmers were statistically 

differentiated into the three clusters to at least the 10 per 

cent level in relation to ten of these socioeconomic variables. 

After removing low frequency and conceptually similar 

variables, six were ultimately subjected to PCA. Three new sets 

of composite variables defining the main socioeconomic 

dimensions of farmer involvement in agroforestry have been 

revealed (Table 4.2). 

The first factor accounts for 23 per cent of the total variance 

in the data set on socioeconomic characteristics of farmers and 

farm families. This factor is labelled 'non-expansionary 

farmers' to describe respondents with non-expansionary goals in 

relation to their property holdings (Table 4.3). These 

characteristics are negatively associated with their property 

expansion goals - having made the decision not to expand their 

property holdings in the next five years, with a history of 

expansion in the last decade. 
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Source: 

Variable Description 

Current goals : not expand property 
(with history of property expansion) 

Current goals : expand property 
(with history of property expansion) 

Farm size less than lOOOba 

Mainly sheep enterprise type (meat 
and wool) 

E.ducation level reached : agricultural 
college or university 

Farmed for more than forty years 

Variance explained by each factor: 

Total vari.a.ooe explained: 60.15% 

Eigenvalues 

Rotated Factor Pattern 

Number of Observations : 4-t6 

Factor Loadings 

FACT ORI 

0.83645 

-0.77944 

-0.07701 

0.09660 

0.14793 

0.24349 

23.43% 

1.4059 

Great Southern Tree Growing Survey, 1989 

FACTOR 1 Label Item 

Non-expansionary farmers current goals : not expand property 
(with history of property expansion) 

current goals : expand property 
(with history of property expansion) 

Source: Great Southern Tree Growing Survey, 1989 

The second factor is labelled 'small, 

(Table 4.4). These are the smallest ho 

FACTOR2 FACTOR3 

-0.10779 0.12323 

-0.11356 0.15351 

0.79545 -0.27498 

0.66919 036115 

-0.01902 0.64618 

-0.01252 -0.66145 

18.57% 18.15% 

1.l 1~3 1.0889 

Loading 

0.83645 

-0.77944 

sheep farms' 

in the area, 

primari produc sheep meat and wool. It is likely that such 

enterprises are located in the hi 

part of the study area. 

rainfall southwestern 

FACTOR Label Item 

Small, mainly sheep farms farm size less than 1 OOOha 

mainly sheep type enterprise 

Source: Great Southern Tree Growing Survey, 1989 

The third factor, labelled 'educated, less 

farmers', refers to a ation group in the 

Loading 

0.79545 

0.66919 

sheep 

area who 

are mainly 

last socioe 

rs of meat and wool (Table 4.5). This 

factor differentiates involvement in 
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agroforestry according to four variables, which are education 

level, years farming, and enterprise type and size. 

FACTOR 3 Label 

Educated, less 
experienced sheep 
farmers 

Item 

education level reached : agricultural 
college or university level 

farmed for more than forty years 

mainly sheep enterprise type 
(meat and wool) 

farm size less than l OOOha 

Source: Great Southern Tree Growing Survey, 1989 

;;,:-:·::: ;. ;.;: ;. ;. ::::::::::::"::: 
;:::::: :;:::;:::::;:::;::::::::::: 

:::: :::/: :;:::::::::::::::::: 

Loading 

0.64618 

-0.66145 

0.36115 

-0.27498 

Educat ion l evel in this study is defined by the variable which 

describes the highest level possible, which is agricultural 

college or university. Education level in this third factor is, 

however, negatively correlated with the number of years the 

respondent has been farming, which in this case is the maximum, 

over forty years. While this composite also describes mainly 

sheep farming enterprise types, it is negatively associated 

with the smallest farms in the study area (less than lOO Oha) . 

This third socioeconomic composite variable thus describes a 

group of less experienced farmers during the buoyant times of 

the survey in 1988- 89, when economic trends had encouraged the 

expansion of sheep enterprises for meat and wool production. 

In this third dimension, the most experienced farmers were 

negatively associated with having had the most education. This 

is reasonable as only limited numbers of such farmers, who are 

likely to be older people, would have been able to take 

advantage of agricultural college and university education in 

this state or elsewhere in Australia. This third factor thus 

reflects the extent to which education, experience, and farm 

type and size differentiate the types of agroforestry 

involvement of two different groups of farmers. This composite, 

when combined with the others - particularly in relation to 

property expansion goals - provides a compressed description of 

the dominant socioeconomic factors which influence survey 

farmers' involvement in agroforestry. 
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(c) 

KEY 
High Grid Mean Score 

+ 1.00 or more 

+0.01 to +0.99 

0.00 to -0.99 

-1.00orless 

no data available 

Low Grid Mean Score 

#Farmers I Grid 

4orl ...... Morel• 3-
0 1020304050 

#Grids 

Figure 4.1 : The socioeconomic characteristics of farmers and farm families: mean factor scores for 20 
kilometre square grids (a) non-expansionary farmers, (b) small, mainly sheep farms 
(c) educated, less experienced sheep farmers 

Source: Great Southern Tree Growing Survey, 1989 
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Spatial Patterns 

Using the grid mean scores which are produced from this 

principal components analysis, three maps have been created 

which depict the spatial patterns associated with the dominant 

socioeconomic characteristics of farmers and farm families in 

the study area (Figure 4.1). The histogram indicates that while 

forty two grids had four or more farms in each of them (33 per 

cent), there were numerous others with less than that number 

qualifying the grid squares. Nearest neighbour analysis 

identified that spatial clustering has occurred in relation to 

the respondents' grid mean scores produced from this principal 

components analysis (Table 4.6). 

Table 4~6 : Nearest neighbour analysis results : socioeconomic cbaracteristj.es of: farmers and .. fanil ·· 
families · : · ·. · · · ·· ·< · .. : ··· · 

Factor 
No. 

Variable 

1 non-expansionary 
farmers 

2 small, mainly 
sheep farms 

3 educated, less 
experienced sheep 
farmers 

*Grid Mean Score Rank: 
A + 1.00 or more 
B +0.01 to +0.99 
C 0.00 to -0. 99 
D -1.00 or less 

Grid 
Mean 
Score No. of 
Rank * Farmers 

Density of 
Farmers per 
square km 

Mean 
Observed 
Distance 
(km) (Ra) 

A 
B 
c 
D 

A 
B 
c 
D 

A 
B 
c 
D 

118 
56 

146 
93 

56 
172 
80 

105 

63 
154 
157 
39 

0.0015 
0.0007 
0.0019 
0.0012 

0.0007 
0.0022 
0.0010 
0.0013 

0.0008 
0.0020 
0.0020 
0.0005 

11.013 
14.353 
9.505 

11.092 

11. 751 
6.862 

13.992 
11.304 

14.871 
10.010 
8.969 

16.513 

** Pattern Type : 
a - more dispersed than random 
b - random 
c - more clustered than random 

Source: Ureat Southern ·1ree Urowmg Survey, lY~Y 

Expected 
Mean Distance 

in Random 
Distribution 

(km) (Re) 

12.614 
18.311 
11.340 
14.209 

18.311 
10.448 
15.320 
13.373 

17.264 
11.042 
10.936 
21.942 

.. 

Nearest 
Neighbour 

Statistic (R) I 

0.873 
0.783 
0.838 
0.780 

0.641 
0.656 
0.913 
0.845 

0.861 
0.906 
0.820 
0.752 

(1) R = Ra/Re 

p 
Value 

Patt em 
Type 
** 

2.637 0 .0043 c 
3.094 0.0010 c 
3.741 0.0001 c 
4.046 0.0000 c 

5.128 0.0000 c 
8.610 0.0000 c 
1.483 0.0694 c 
3.032 0.0012 c 

2.105 0.0179 c 
2.218 0.0146 c 
4.310 0.0000 c 
2.956 0.0016 c 

All three of the dominant socioeconomic characteristics of 

farmers and farm families exhibit more clustered than random 

spatial patterns in the study area. The spatial clustering for 

most of the grid mean score ranks of these three dimensions of 

farmer involvement in agroforestry were found to differ from 

the random expected pattern at the 1 per cent significance 

level. While the first factor's non-expansionary farmers appear 

to be scattered in clusters throughout the study area, there is 

a particularly clear spatial grouping with high grid mean 

scores near one of the oldest settled parts of the study area -

north of Esperance in the Salmon Gums district (see Chapter 1 -

Figure 1.1). In contrast, the small, mainly sheep farms (factor 

2) are logically clustered in the west of the study area, 
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particularly near the high rainfall southern coastl . For the 

most part, the positive score grids for factor three (educated, 

less experienced sheep farmers) appear to be clustered towards 

the study area's western limit. 

4.2 FAMILY STRUCTURE, INDEBTEDNESS, AND DECISION
MAKING 

This second part of Chapter Four describes the impact of the 

second general grouping of socioeconomic and family structure 

variables on farmer involvement in agroforestry. The data 

collected for the analyses come from the Family Structure, 

Indebtedness and Decision-making Survey questionnaire (see 

Chapter 3.1 : 'Introduction', and Appendix 3). The 112 

respondents are a subset of the original 655 farmers who 

responded to the Great Southern Tree Growing Survey. Hence low 

response rates limit extrapolation of the findings to the whole 

population. 

4.2A ANOVA Results : Family Structure, Indebtedness, and 
Decision-making 

Sixty-eight presence/absence variables describing family 

structure, indebtedness, and decision-making were subjected to 

analysis of variance for identifying the extent to which they 

influence agroforestry involvement. Those sets of variables 

which were found significant will be first discussed, followed 

by consideration of other relationships which were not 

found to influence involvement. The results and commentary have 

been separated into three separate sub-sections to facilitate 

explaining the findings from ANOVA in regard to 

1 family structure 
2 indebtedness 
3 decision-making. 

A summary of the general findings concludes this section of 

Chapter Four which characterises the three clusters of farmers 

according to the impact of family structure, indebtedness and 

decision-making on their involvement in agroforestry. 

These results are followed by reporting the impact of 

subjecting the statistically significant variables to PCA in 

order to identify main family structure related factors 

influencing agroforestry involvement. 



4.2A.1 Family Structure 

Fifty-six presence/absence variables were constructed from the 

survey questionnaire to determine the impact of family 

structure on agroforestry involvement in the study area . Their 

relat i onship to the three cluster groups of farmers who have 

differing types of involvement in agroforestry is reported in 

Table 4.7. 

The impact of family structure on involvement i n agroforestry 

appears to have been very limited from the survey data 

collected in this study. There is little to add to the previous 

section's description of the socioeconomic characteristics of 

farmers involved with different types of agroforestry in the 

study area . Of seventeen sets of variables describing the 

characteristics of family structure on survey farms in the 

study area, only two were associated with agroforestry 

involvement 

. the number of children who left the farm 

. non - farm experience in another job. 

While similar studies have found that other aspects of family 

structure, indebtedness and decision-making influenced 

involvement in farm tree growing, the present study did not . 

The first set of statistically significant variables identified 

in Table 4.7 suggest that involvement in agroforestry was 

associated with the actual number of children who had left the 

respondents' farms . Despite 77 per cent of respondents having 

reported that none of their children had left the farm, the 

bush grazers/planters (cluster 1) and the bush fencers/planters 

(cluster 2) were equally differentiated from the planters/bush 

fencers with regard to their having had one or more children 

leave the farm (p = 0 . 064). There was thus slight evidence that 

the number of dependents on the farm may have indirectly 

influenced agroforestry involvement . In addition, these 

findings have indicated that the planters/bush fencers, who had 

the smallest properties, have not reported any children leaving 

their property. These results have once again contrasted with 

research about family farm businesses in the U.K . and New 

Zealand. Children having left farms were associated with 
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Table:4a .·• Summary·statistics :of the'ANOVA:between variables:and:cltister:.groups -·:·.faniily 
structure· · · 

'Bush Grazers/ 'Bush Fencers/ 'Planters/ 
Planters' Planters' Bush Fencers' 
(Cluster (Cluster (Cluster Signif 

Variable No. One) Two) Three) F Prob -icant 
Description Responses Mean Mean Mean Value >F (0.10) 

How many people including yourself 
did this farm directly support in 1989? 
< 4 people farm supported 112 0.43 0.52 0.44 0.34 0.712 
5-7 people farm supported 112 0.46 0.35 0.41 0.47 0.622 
> 8 people farm supported 112 0.09 0. 11 0.13 0. 13 0.874 
< = 7 people farm supported 112 0.90 0.88 0.86 0.13 0.874 
Were you married in 1989? 112 0.9 1.0 0.9 0.98 0.377 

Do you have children? 112 0.92 0.92 0.89 0.13 0.871 

How many were pre-schoolers? 
none (0) pre-schoolers 112 0.75 0.78 0.72 0.17 0 .839 
> = I pre-schoolers 112 0.24 0.21 0.27 0. 17 0.839 
How many were living at home 
and away at school? 
2 living at home or away at school 112 0.31 0.50 0.34 1.64 0 .197 
I or 2 living at home or away at school (composite) 112 0.60 0.69 0.72 0.55 0.573 
< = 3 living at home or away at school (composite) 112 0.78 0.83 0.86 0.41 0.664 
> = I living at home or away at school (composite) 112 0.80 0.88 0.82 0.45 0.634 
How many were children away at 
boarding school or university? 
none (0) at boarding school or university 112 0.65 0.64 0.79 1.01 0.364 
1 at boarding school or university 112 0.24 0.16 0.06 1.85 0. 160 
2 at boarding school or university 112 0.04 0.14 0.10 1.03 0.359 
> = 3 at boarding school or university 112 0.04 0.04 0.03 0.04 0.954 
< = I at boarding school or university (composite) 112 0.90 0.80 0.86 0.72 0.486 
< = 2 at boarding school or university (composite) 112 0.95 0.95 0.96 0 .04 0.954 
> = I at boarding school or university (composite) 112 0.34 0.35 0.20 1.01 0.364 
Family stage 
early family stage Ill 0.46 0.50 0.53 0.17 0.841 
middle family stage Ill 0.39 0.40 0.28 0.56 0.571 
late family stage Ill 0.14 0.09 0.17 0.52 0.593 
early or middle family stage (composite) Ill 0.85 0 .90 0.82 0.52 0.593 
middle or late family stage (composite) Ill 0.53 0.50 0.46 0.17 0.841 
Family stage (composite) Ill 1.6 1.5 1.6 0. 15 0.855 
Family with older dependents at boarding school 112 0.56 0.52 0.44 0.42 0.652 
or university (composite) 
Family with young and old dependents (composite} 112 0.73 0.69 0.68 0.10 0.900 
Responder's age : < 40 years (composite) 654 0.43 0.43 0.45 0 .06 0.938 

How many finished school by 1989 
and are working here now? 
none (0) finished school and working here 112 0.63 0.71 0.68 0.31 0.734 
I finished school and working here 112 0.24 0.23 0.24 0.00 0.998 
2 finished school and working here 112 0.04 0.04 0.03 0.04 0.954 
> = 3 finished school and working here 112 O.Q7 0.00 0.03 1.61 0.203 
< = 1 finished school and working here (composite) 112 0.87 0.95 0.93 0 .80 0.452 
< = 2 finished school and working here (composite) 112 0.9 1.0 0.9 1.61 0.203 
> = I finished school and working here (composite) 112 0.36 0.28 0.31 0 .31 0.734 
How many left the farm? 
None left 112 0.65 0.69 0.72 0.16 0.846 
I left 112 0.19 0. 19 0.03 2.11 0. 125 
2 left 112 0.02 0.04 0.06 0.39 0.674 
3 left 112 0.09 0.04 0.03 0.69 0.502 
>= 4 left 112 0.02 0.02 0.13 2.81 0.064 * 
< = I left (composite) 112 0.85 0.88 0.75 0.99 0.374 
< = 2 left (composite) 112 0.87 0.92 0.82 0.85 0.428 
> = I left the farm (composite) 112 0.97 0.97 0.86 2.81 0.064 * 
Do you have any non-farm experience 112 0.48 0.50 0.51 0.02 0.971 
in another job? 
Husband/wife with non-farm job exper.(composite) 112 0.65 0.88 0.79 3.07 0.050 * 
Spouse with non-farm job experience 112 0 .51 0.64 0.62 0.80 0.451 
If yes, what type? 
myself: mixed, rural or urban (composite) 112 0.19 0.16 0.17 0 .06 0.941 
spouse : mixed, rural or urban 112 0.24 0.38 0.27 0.98 0.377 
Involved in outside paid 112 0.17 0.14 0.13 0.08 0.914 
non-farm work? 
responder/ spouse: paid non-farm work (composite) 112 0.34 0.38 0.31 0. 19 0.826 
Spouse-outside paid non-farm work? 112 0.24 0 .30 0.27 0.21 0.804 
Involved in outside 112 0.75 0.78 0.68 0.42 0.657 
voluntary activities? 

Spouse- outside voluntary activities? 112 0.65 0.71 0.75 0.41 0.662 

Does this farm operate on 112 0.51 0.33 0.41 1.36 0.260 
an extended family basis? 

Did you use contract 112 0.8 0.9 1.0 2.31 0.103 
labour in 1989? 
Did you use other 112 0.46 0.59 0.48 0.80 0.448 
non-family labour? 

Source: Great Southern Tree Growm g Surve y 
' 

1989 andFarml· y Structure, Indebtedness and Dec1s10n-
making Survey, 1991 

i nsufficient farm sizes in the U.K . (Gasson et al. 1988) and 

the decreasing intensity of farm work in New Zealand 

(Benediktsson et al. 1990). No research in the industrialised 

country context, other than the present study, has been 

identified which found a correlation between the involvement of 

farmers in agroforestry and demographic changes in family size. 
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The second set of family business structure variables also 

differentiated the farmers according to the three clusters. In 

that unique case, the bush fencers/planters (cluster 2) were 

associated with the composite variable which described either 

the husband or the wife having had experience with non-farm 

work (p = 0 . 050). These results were consistent with this 

study's original classification of respondents according to 

their involvement in agroforestry . The bush fencers/planters 

had become increasingly involved in shrub and tree growing 

since 1987, with more bush fenced than any of the other 

respondents. 

Similar research in other industrialised countries likewise 

correlated off-farm employment with progressive family farm and 

woodland management (Greene and Blatner, 1986; Gasson, 1988; 

Gasson et al. 1988; Benediktsson et al. 1990). The progressive 

behaviour of the bush fencers/planters in the present study was 

also consistent with other research in this country. In the 

first instance, the majority of farmers who were already 

involved with using agroforestry practices were found to have 

had non-farm experience or alternative professions (Reid, 

1986). Likewise, researchers in Australia had also identified 

relationships between farmers who had non-farm income and their 

heightened concern about controlling soil salting by the 

planting of trees and other species in Victoria (Barr et al. 

1992). Also, outside income was associated with farmer 

willingness to enter into legal agreements with the South 

Australian government to preserve native bushlands (Craig et 

al. 1983). Contrary to findings of the present study, and those 

of Craig et al. (1983), another South Australian study reported 

that full time farmers were less likely than others to have 

signed up for Heritage Agreements to preserve their native bush 

(Craig et al. 1983). Within the context of Western Australian 

research, two studies have collected data from farmers about 

their income sources from non-farm jobs. These studies did not 

report if there was any association with, respectively, shrub 

and tree growing (Fry and Goss, 1985) or native vegetation 

retention (Coates, 1987). 

While the number of children who left farms in the study area 

and non-farm experience were found to influence agroforestry 
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involvement, other sets of variables reported in Table 4.7 

did not significantly differentiate the three cluster groups. 

These other family structure-related relationships are reported 

in the following subsections. 

Family Size, Composition and Stage of Development 

With regard to the set of variables which identified the number 

of people supported by the farm during the time of the survey, 

no association with involvement in agroforestry was identified. 

Most survey respondents (41 per cent) reported that their farms 

supported between five and seven others, with the remainder 

having fewer dependents. These findings have differed from 

overseas research which correlated larger families with 

increased agroforestry involvement (FAO, 1983; Cook and Grut, 

19~9). There have been, however, no such relationships 

identified in the industrialised country context. 

The next two sets of variables, which described the marriage 

status of farmers and whether or not they had children, were 

also not correlated with involvement in agroforestry. Likewise, 

no correlation was found with several other sets of variables 

about stages of family development, the composition of farm 

families and their education levels. These and other variables 

have been used elsewhere to describe changes the social 

class distinctions and labour relations of farm family 

businesses (see, for example, Gasson et al. 1988; Benediktsson 

et al. 1990; Cloke and Thrift, 1990). However, no other work 

has been identified within the context of similar Australian 

social science research which considered the influence of such 

family business-related factors on involvement in agroforestry. 

Family Labour and Management Relations 

The number of children who had finished school and returned to 

work on the farm was not associated with involvement in 

agroforestry. These results have contrasted with research in 

the U.K. and New Zealand. In the first instance, the presence 

of heirs on farm properties in the U.K. was correlated with not 

only long term investments in tree growing (Scambler, 1989), 

but the continued development of successful family farm 

businesses (Gasson et al. 1988). In New Zealand, heirs working 

on the family property were identi ed as having been important 
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influences on the performance of smaller intensive farms, 

rather than the larger ones which utilised more outside labour 

(Benediktsson et al . 1990) . 

Three other variables explored the extent to which involvement 

in agrof orestry was influenced by the presence of extended 

family members in the farm business, or the use of contract and 

other non - family labour. No statistical association was 

identified, with over half of the survey farmers having 

reported that their farms operated on an extended family basis 

in 1989. Only six per cent of these did not use contract 

labour . These results have not confirmed the findings of 

similar research in the U.K. that the presence of extended 

families and use of non-family labour were factors which 

influenced the performance of farm businesses (Gasson et al. 

1988; Whatmore et al . 1988a; Whatmore et al . 1988b). In 

addition, the present study's findings have contrasted with 

another project in this state which found that the availability 

of seasonal labour was a limiting factor in the development of 

agroforestry for timber production in the high rainfall zones 

of the south-west (Malajczuk et al. 1984) . 

Non-farm Experience and Income 

Finally, five other variables describing the income levels of 

farmers and detailing various types of non - farm experience were 

not found to have been associated with involvement in 

agroforestry . The respondents were equally divided with respect 

to their having had non-farm experience in another job . Those 

who had such experience reported mostly rural non-farm 

employment rather than urban or a mixture of the two. In 1989, 

over 75 per cent of respondents had no outside paid non-farm 

activities, while 73 per cent reported having been involved in 

outside voluntary non-farm activities . 
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'.T~ble 4~8: Summary statistics ofthe AN OVA between variables and cluster groups : family farm 
indebtedness 

1Bush Grazers/ 1Bush Fencers/ 'Planters/ 
Planters 1 Planters' Bush Fencers 1 

(Cluster (Cluster (Cluster Signif 
Variable No. One) Two) Three) F Prob -icant 
Description Responses Mean Mean Mean Value >F (0.10) 

Level of equity you had 
in this fann business in 1989? 
< 803 equity 109 0.27 0.25 0.44 1.74 0.179 
81-903 equity 109 0.30 0.37 0.20 I.II 0.330 
91-1003 equity 109 0.42 0.37 0.34 0.23 0.789 
< = 903 equity 
or your total outlay in 1989, 

109 0.57 0.62 0.65 0.23 0.789 

what percentage was interest? 
< = 103 of 1989 outlay was interest 107 0.53 0.67 0.46 l.62 0.202 
11-193 of 1989 outlay was interest 107 0.20 0.17 0.25 0.27 0.758 
20-1003 of 1989 outlay was interest 107 0.25 0.15 0.28 1.04 0.355 
< 203 of 1989 outlay was interest 107 0.74 0.85 0.71 1.04 0.355 
Of your gross expenditure on loans in 1989, 
what percentage was interest for land purchase? 
none (0 % ) of interest due to land purchase 106 0.57 0.57 0.50 0.21 0.804 
1-90% of interest due to land purchase 106 0.17 0.22 0.19 0.15 0.855 
or your gross expenditure in 1989, what 
percentage was interest on other investments? 
none (03) of interest due to other investments 106 0.60 0.55 0.65 0.34 0.706 
1-90% of interest due to other investments 106 0.32 0.27 0.26 0.16 0.851 
or your gross expenditure, what percentage 
was interest for production inputs in 1989? 

0.02 none (0%) of interest due to production inputs 106 0.52 0.55 0.53 0.975 
1-903 of interest due to production inputs 106 0.27 0.35 0.26 0.34 0.708 

ource: mg Survey, 1991 

4.2A.2 Indebtedness 

The second group of family business variables describes the 

impact of various aspects of farm indebtedness on agroforestry 

involvement the study area (Table 4.8). 

While three of the previous table's variables about family 

structure were found to have been associated to at least the 90 

per cent confidence level with involvement in agroforestry, 

there was no such statistical relationship identified with any 

of the variables that described farm indebtedness. Hence, 

agroforestry involvement in the study area was not found to be 

influenced by the variables which were tested describing farm 

indebtedness. These findings may be explained by the small 

sample size of the equity survey (106 - 109 respondents) . 

The following commentary discusses these results in light of 

other research about agroforestry and the farm as a family 

business which is comparable to the present study. The 

variables in Table 4.8 have been divided into two subject 

groups to facilitate discussion 

equity levels 
interest payments. 

Equity Levels 

With regard to the first set of variables which described farm 

equity levels, there was no relationship identified with the 

involvement of respondents in agroforestry. Whi only 25 per 
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cent of respondents had complete equity in their farm 

businesses in 1989, slightly more, 30 per cent, had less than 

80 per cent equity. No comparable research about levels of 

indebtedness and agroforestry has been identified. However, the 

deleterious impact of indebtedness on the agricultural 

decisions of farmers has been reported not only in other 

industrialised countries (Whatmore et al. 1987a; Whatmore et 

al . 1987b; Gasson et al. 1988; Benediktsson et al. 1990), but 

also in other parts of this country (Cary et al. 1986; Vanclay 

and Cary, 1989), and Western Australia (Gwynn et al. 1987; 

Crane, 1988). 

These findings (bearing in mind the limitation of the small 

sample size) that involvement in agroforestry was not 

associated with farm indebtedness have also contrasted with two 

studies which evaluated the potential for commercial farm tree 

growing to the west of the study area, in the high rainfall 

zone of south western Australia. Those studies implicitly 

assumed that there was a need to assist farmers with financial 

support to encourage their involvement, but they did not 

identify if it was due to problems with levels of farm equity 

or interest payments, cash flow or other constraints (Malajczuk 

et al. 1984; Soutar and Wallis, 1986). 

Interest Payments 

As with indebtedness in the study area, no relationship was 

identified between the respondents' involvement in agroforestry 

and the extent of their interest payments for commercial debts 

on land purchase, production or other investments. Most of the 

respondents reported that they had interest payments which were 

less than 20 per cent of their gross farm expenditures. These 

findings were not consistent with research in Victoria which 

identified that farmers' interest payments on farm debts were 

constraints to their involvement with tree growing for salinity 

control (Cary et al. 1986; Vanclay and Cary, 1989; Barr et al Q 

1992) . No similar studies to the present one have been 

identified which reported that the involvement of farmers in 

agroforestry was not influenced by the level of their interest 

payments for either land purchase, production expenditures, or 

other investments. However the problems of farmers meeting 

interest payments have been reported in the U.K (Whatmore et 
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1987a; Gasson et al. 1988), New Zealand (Benediktsson et 

al. 1990), as well as in Western Australia (Mauldon and 

Schapper, 1974; Crane, 1988; Select Committee into Land 

Conservation, 1991) . 

4.2A.3 Family Decision-making 

The relationship between involvement in agroforestry and the 

structure of decision-making by different members of farm 

families has not been explored in this country or other 

industrialised countries. Five sets of variables were tested 

using analysis of variance to describe the extent to which 

involvement agroforestry has been influenced by the 

structure of decision-making between different members of the 

family (Table 4.9). 

Table4.9. : Suritinary statistic:S ofthe ANOVA between variables arid clusier·grollps : family 
~ecision-.makirig · · · · · 

1Bush Grazers/ 'Bush Fencers/ 'Planters/ 
Planters' Planters' Bush Fencers' 
(Cluster (Cluster (Cluster Signif 

Variable No. One) Two) Three) F Prob -icant 
Description Responses Mean Mean Mean Value >F (0.10) 

Who makes the major d~ions about 
growing shrubs or trees in the paddocks, 
along fencelines, roads? 
men 457 0.86 0.87 0.87 0.03 0.961 
women 457 0.25 0.29 0.29 0.52 0.592 
Who makes the major decisions about 
growing shrubs or trees around the 
homestead, sheds, drive or laneways? 
men 455 0.68 0.72 0.67 0.51 0.600 
women 455 0.51 0.50 0.55 0.36 0.697 
Who makes the decisions about overall 
farm management? 
men 458 0.81 0.87 0.85 1.06 0.346 
women 458 0.19 0.22 0.17 0.49 0.613 
Does anyone have a veto 112 0.04 0.11 0.20 2.09 0.128 
over fann decisions? 

If someone does have a veto over 
decisions made on your farm, who? 
nobody has veto ll2 0.97 0.85 0.82 2.43 0.092 

ource: 

The lack of a veto over decisions made on farms by any person 

was the only characteristic of family decision-making that was 

found to significantly influence agroforestry involvement. No 

other variables differentiated the respondents. 

Family Decision-making Control 

While 90 per cent of respondents reported that only fami 

members were responsible decisions on the properties, the 

remainder were divided equally in relation to having reported 

either a non-family veto or a family member veto which 

controlled decision-making. The bush grazers/planters were most 

associated with having reported that no veto over farm 
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decisions was held by a family member or outside party, such as 

the bank (p = 0.092) . 

No other studies about family decision - making control in 

relation to agrof orestry in this or other industrialised 

countries have been identified . The present study's results 

have not confirmed previous research in this (Woolcott 

Research, 1990) , and other industrialised countries about 

decision - making control on family farms (Gasson et al . 1988; 

Benediktsson et al . 1990). 

While the absence of veto power over family decision-making 

differentiated farmer involvement in agroforestry, there were 

no similar relationships identified with the three other sets 

of variables tested (Table 4 . 9). Involvement in agroforestry 

was not found to have been associated with family decision 

making about (1) growing shrubs or trees in the paddocks, (2) 

plantings around the homestead, sheds, drive or laneways, or 

(3) farm management issues . 

With regard to these relationships not influencing involvement 

in agroforestry, ninety- seven women (15 per cent of 

respondents) were nominated as having been responsible for the 

major decisions about growing trees or shrubs in the paddocks, 

along fencelines, or roads on their main income earning 

property . Twenty-seven per cent were reported as being 

responsible for the major aesthetics-related decisions about 

growing trees and shrubs around the homestead, sheds, drive or 

laneways. In contrast, only 52 women (8 per cent) were 

nominated as having been responsible for the major decisions 

about overall farm management, such as planting dates, 

fertilisers, and new equipment . 

These findings were not consistent with industrialising country 

studies which had identified the important role of women in 

decision - making about farm management, and increasingly in 

relation to agroforestry (Fortmann and Rocheleau, 1984; 

Hoskins, 1987). Within the industrialised country context, 

however, similar studies to the present one have also found a 

separation of decision-making within farm families in the 

wheatbelt of Western Australia (Fry and Goss, 1985), as well as 

200 



in New Zealand (Benediktsson et al. 1990) and the U.K. (Gasson 

et al . 1988) . 

4.2B PCA Results : Dominant Family Business Characteristics 
Influencing Agroforestry Involvement 

The results of ANOVA have shown that certain family business 

characteristics of farmers and farm families in the study area 

are broadly associated with their agroforestry involvement . As 

in the first instance with the socioeconomic variables, the 

family business variables which were found to differentiate the 

involvement of the three cluster groups of farmers are 

subjected to PCA . Hence this procedure is once again followed 

to identify the predominant family business related composite 

variables which influence agroforestry involvement in the study 

area. 

Having identified the dimensions of involvement in agroforestry 

associated with the socioeconomic characteristics of farmers 

and farm families in the study area, this second subsection 

presents the PCA results for the family structure variables. 

The previous ANOVA tests identified that few of these variables 

were significantly associated with agroforestry involvement . 

None of the indebtedness variables was statistically associated 

with involvement in agroforestry, and insufficient sample 

population numbers were available to use the variables which 

differentiated farmers in relation to the structure of farm 

decision-making. Small changes in these variables had big 

effects on the model and distorted the clearness of 

interpretation. Hence, after removing the low frequency and 

conceptually similar variables, nine variables describing 

family structure, but not indebtedness and family decision

making, have been compressed by PCA (Table 4.10). 
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Sources : 

Rotated Factor Pattern 

Number of Observations : 111 

Factor Loedin~ 

Variable Description FACTORl FACTOR2 FACTORJ FACTOR4 

Fanner !en than 40 ycan old 0.78501 -0.14543 0.13110 0.IOZ71 

One or mere pre-scboolcn 0.69897 -0.05716 -0.03103 0.07582 

Early family stage - all UDdcr 0.66474 -O.Z7373 -0.12928 -0.26433 
school leaving age 

Oldu dependents al boarding -0.68797 -0.60943 0.02372 0.05218 
school or univcniiy (composite) 

Late family stage -0.29327 0.82883 0.06145 0.01514 

Earn psid. oon-fann income -0.08406 -0.03137 0.84988 0.12876 

Have oon-fann cxpcricoce (compositcl 0.09895 0.10430 0.61128 -0.38475 

Extended family O.Z7929 -0.29512 0.09517 0.7Z754 

Use oon-family labour 0.15071 -0.25579 0.13319 -0.61092 

V ariancc explained by cacb factor : 25.53% 14.68% 13.15% 11.80% 

Total variance explainai: 65.15% 

Eigmvaluca 2.2973 1.3208 1.1837 1.0621 

Great Southern Tree Growing Survey, 1989, and Family Structure, Indebtedness and Decision
making Survey, 1991 

Four factors are distinguished in this principal components 

analysis which define the dimensions of the major family 

structure-related factors influencing farmer involvement in 

agroforestry. The first factor explains 25 per cent of the 

total variance in the data set and describes the young farmers 

and families in the study area (Table 4.11). 

FACTOR Label Item Loading 

Young farmers 
and families 

Sources: 

farmer less than 40 years old 0.78501 

one or more pre-schoolers 0.69897 
in family 

early family stage - all 0.66474 
under school leaving age 

older dependents at boarding -0.68797 
school or university 

late family stage -0.29327 

extended family 0.27929 

Great Southern Tree Growing Survey, 1989, and Family Structure, Indebtedness and Decision
making Survey, 1991 

Young farmers and families who are sometimes part of extended 

families represent the first dimension in this analysis of the 
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family structure-related factors which influence involvement in 

agroforestry. This stage in the family development cycle has 

thus been found to exert an important influence on decisions 

about agroforestry. It is reasonable that the early stage of 

family development is negatively correlated with the other 

variables describing older dependents and the late family stage 

when children have left the farm, or the wife is past 

childbearing or has no children. 

The second factor, which defines the impact of family structure 

on agroforestry involvement, identifies a dimension which is 

the opposite of the first factor. These are the farmers in the 

late stage of the family cycle with no older dependents, who 

also are sometimes not part of an extended family (Table 4.12). 

FACTOR Label 

Older farm families 

Item 

late family stage 

older dependents at 
boarding school or 
university 

extended family 

early family stage : all 
under school leaving age 

use non-family labour 

·>'.· '. 

Source: Family Stmcture, Indebtedness and Decision-making Survey, 1991 

Loading 

0.82883 

-0.60943 

-0.29512 

-0.27373 

-0.25579 

This dimension, labelled 'older farm families', also identifies 

people who have already established businesses with adequate 

farming equipment to do their own work without substantial use 

of contractors and other hired assistance. 

The third factor describes an entirely different aspect of the 

structure of family businesses in the study area. These are the 

farmers whose l ivelihoods are not dependent upon livestock and 

grains, but instead are earning outside income, most likely 

from contracting jobs (Tab l e 4.13). 

Factor Label Item Loading 

Diversified family businesses earn, paid non-farm income 0.84988 

have non-farm experience 0.61128 

Source: Fan1ily Stmcture, Indebtedness and Decision-making Survey, 1991 
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These families also have non-farm experience in another job, 

which has possibly proven useful for their developing 

supplemental income sources. Such diversification of employment 

and income may be easing financial pressures related to the 

cycles of farm prosperity, as well as influencing involvement 

in agroforestry. 

The fourth and final dimension in this study's family structure 

variables identifies the importance of the older, extended 

family businesses who have no young children, and use their own 

labour (Table 4.14). 

Factor Label 

Older, extended family 
businesses 

Item 

extended family 

use non-family labour 

have non-farm experience 

early family stage - all 
under school leaving age 

Source: Family Structure, Indebtedness and Decision-making Survey, 1991 

Loading 

0.72754 

-0.61092 

-0.38475 

-0.26433 

Although this type of family business structure is also 

representative of a segment of the farming community who lack 

non-farm experience, it contributes to only eleven per cent of 

the variance explained by the family business variables. It 

does, however, complement the other factors by providing a 

reasonably accurate dimension describing the range of family 

structures in the study area which may have some impact on 

agroforestry involvement. 

Spatial Patterns 

The four maps of the factor scores produced from this principal 

components analysis illustrate the limited extent to which 

spatial parameters associated with family structures in the 

study area influence involvement in agroforestry (Figure 4.2). 

Sixty two per cent of grid squares have but one farm in 

each.The nearest neighbour analysis technique identified only 

two instances where the patterns significantly differed from 

random (Table 4.15). In the first instance, the grids with 

older farm families which had positive mean factor scores 

(+0.01 - +0.99) were found to have a more clustered than random 

pattern in the study area (p < 0.05). In the second instance, 
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(d) 

KEY 
High Grid Mean Score 

+ 1.00 or more 

+0.01 to +0.99 

0.00 to -0.99 

-1.00 orless 

no data available 

Low Grid Mean Score 

#Farmers I Grid 

0 1020304050 
#Grids 

Figure 4.2 : Family structure, indebtedness and decision-making: mean factor scores for 20 kilometre 
square grids(a) young farmers and families, (b) older farm families, (c) diversified family 
businesses, (d) older, extended family businesses 

Sources: Great Southern Tree Growing Survey, 1989, and Family Structure, Indebtedness and Decision
making Survey, 1991 
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the grids with older, extended family businesses which have 

very positive mean factor scores are significantly dispersed 

throughout the reg i on (p = 0.0934). 

Factor 
No. 

Gri.d 
Mean Density of 

Farmers per 
square km 

Mean 
Observed 
Distance 
(km) (Ra) 

Expected 
Mean Distance 

in Random 
Distribution 

(km) (Re) 

Nearest 
Neighbour 

Statistic (R>1 

Pattern 

Variable 

1 Young farmers 
and families 

2 Older farm families 

3 Diversified family 
businesses 

4 Older, extended 
family businesses 

*Grid Mean Score Rank: 
A + 1.00 or more 
B +0.01 to +o.99 
C 0.00 to -0.99 
D -1.00 or less 

Score No. of 
Rank* Farmers 

A 25 0.0003 24.367 
B 27 0.0003 26.238 
c 34 0.0004 24.166 
D 25 0.0003 25.654 

A 14 0.0001 40.571 
B 35 0.0004 19.668 
c 53 0.0007 19.000 
D 9 0.0001 55.187 

A 32 0.0004 22.945 
B 9 0.0001 45.451 
c 51 0.0006 18.939 
D 19 0.0002 33.061 

A 20 0.0002 35.379 
B 37 0.0004 24.339 
c 29 0.0003 23.776 
D 25 0.0003 26.728 

* * Pattern Type : 
a - more dispersed than random 
b -random 
c - more clustered than random 

27.406 
26.371 
23.500 
27.406 

36.623 
23.162 
18.822 
45.677 

24.224 
45.677 
19.188 
31.437 

30.641 
22.528 
25.446 
27.406 

0.889 
0.994 
1.028 
0.936 

1.107 
0.849 
1.009 
1.208 

0.947 
0.995 
0.987 
1.051 

1.154 
1.080 
0.934 
0.975 

ZR 
Test 

1.060 
0.050 

-0.316 
0.611 

-0.771 
1.707 

-0.131 
-1.194 

0.571 
0.028 
0.176 

-0.430 

-1.322 
-0.935 
0.676 
0.236 

(1) R =Ra/Re 

p Type 
Value ** 

0.1446 b 
0.4801 b 
0.3783 b 
0.2709 b 

0.2206 b 
0.0446 c 
0.4483 b 
0.1170 b 

0.2843 b 
0.4920 b 
0.4325 b 
0.3336 b 

0.0934 a 
0.1762 b 
0.2514 b 
0.4090 b 

Sources: Great Southern Tree Growing Survey, 1989, and Family Structure, Indebtedness and Decision-
making Survey, 1991 

4.3 Chapter Summary 

In order to summarise the impact of socioeconomic and farm 

business characteristics of farmers and farm families on their 

involvement in agroforestry, the results of the individual 

ANOVA tests are first reported in relation to the three cluster 

groups defining involvement in agroforestry. This is followed 

by summaries of the PCA results defining the dominant 

socioeconomic and family business characteristics influencing 

agroforestry involvement. 

4.3.1 Socioeconomic Characteristics of Farmers and Farm Families 

While gender, age and income levels were found by several 

researchers to have influenced the decision-mak i ng of farmers 

about tree growing, these variables did not differentiate 

involvement in the study area. However, several other 

socioeconomic attributes were identified which influenced 

agroforestry involvement in the study area. In the first 

instance, the bush grazers/planters (cluster 1) were 

differentiated from the other respondents by their having in 
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some cases come from farms in Victoria. However, these farmers 

and the planters/bush fencers (cluster 3) were similar in 

having had the greatest farming experience (over forty years) . 

These two groups of farmers were also mainly involved in the 

production of meat and wool from sheep. In addition, a goal of 

t he bush grazers/planters, as well as the planters/bush 

fencers, was to expand their property size, whether they had a 

history of expansion or not. This is logical, particularly in 

relation to the former who were found to be associated with 

operating the smallest farms in the study area (<lOOOha) . 

The second group of farmers, labelled the bush fencers/planters 

(cluster 2), had several distinctive socioeconomic 

characteristics. These were associated with their farming 

experience, as well as their farming experience outside of 

Western Australia, and property expansion goals. They were 

similar to the bush grazers/planters in relation to having had 

some farming experience outside of Western Australia. Although 

they had less farming experience than the other farmers, they 

were similar to the planters/bush fencers with regard to having 

had either agricultural college or university level education. 

The bush fencers/planters, however, had quite different goals 

from the other respondents. They had no intention to expand 

their properties in the next five years, even if they had a 

past history of expansion. Possibly this is related to their 

having been found to be operating the largest farms in the 

study area - in direct contrast to the bush grazers/planters. 

The planters/bush fencers (cluster 3) were characterised by 

five sets of socioeconomic variables education level, years 

farming and experience elsewhere, farm type and property 

expansion goals. With regard to education, they were similar to 

the bush fencers/planters in relation to their having been 

highly educated. In contrast, they were found to have been 

similar to the bush grazers/planters by having had more than 

forty years of farming experience, as well as operating mainly 

sheep farming enterprises. Likewise, these same two groups of 

farmers had the goal of expanding their property holdings in 

the next five years, with or without a prior history of 

property expansion. Finally, the planters/bush fencers were 
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distinguished from all other farmers by not having had farming 

experience in other parts of Australia. 

Dominant Socioeconomic Characteristics of Fanners and Fann Families Influencing Agroforestry Involvement 

The three new composite variables created from principal 

components analysis provide a concise characterisation of the 

socioeconomic attributes of the survey farmers. The five sets 

of variables which comprise these factors, describing property 

expansion goals, farm size and type, and education and farming 

experience levels, have all been previously tested by other 

researchers. However, no other research in the industrialised 

country context has identified which of the socioeconomic 

characteristics of farmers and farm families exert the greatest 

influence on types of agroforestry involvement. Neither has 

consideration been given to the spatial patterns associated 

with these socioeconomic dimensions of agroforestry involvement 

in southern Western Australia. 

Education level, farming experience, and farm type and size 

have all been found to contribute to differentiating the survey 

farmers in relation to their property expansion goals and 

consequent type of involvement in agroforestry. An unexpected 

result from this analysis is that the current goals of farmers 

in relation to property expansion are of primary importance for 

describing the impact of the socioeconomic characteristics of 

farmers and farm families on agroforestry involvement. The 

extent to which farmers use agroforestry practices along with 
other more traditional soil conservation practices for 

maintaining the productivity of their properties instead of 

purchasing more land is a contemporary issue related to these 

general results. 

Subtle spatial issues may also be involved that are described 

by these socioeconomic characteristics of the three cluster 

groups of survey farmers. The first dimension, describing 

farmers with non-expansionary property goals, appears to be 

most clearly located near one of the older settled areas in 

southern WA. As expected, the small, mainly sheep farms are 

found in the higher rainfall western and southwestern 

districts. The third factor's educated, less experienced sheep 
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farmers are mostly distributed in clustered patterns towards 

the western limit of the study area. 

4.3.2 Family Structure, Indebtedness and Decision-mal..'ing 

The results from ANOVA have indicated that there was a very 

limited relationship between involvement in agroforestry and 

the characteristics of farming families and their businesses. 

Hence there is little to add to the previous section's 

identification of the socioeconomic characteristics of farmers 

and farm family businesses involved with different types of 

agroforestry. The presence of control over family decisions, 

whether by another family member or an outsider such as a 

banker, was not reported as a factor in the family decision

making process, while it had been in Victoria, New Zealand and 

the U.K. However, there was slight evidence that the number of 

dependents indirectly influenced agroforestry involvement. In 

addition, the spouse's off-farm experience was important and 

could have been a factor in encouraging agroforestry 

involvement. 

Even though there was no association found between farm 

indebtedness and agroforestry involvement in the study area, 

this problem has been directly correlated with constraining the 

capacity of Australian farmers to maintain their businesses, as 

well as adopt progressive land management practices. Hence it 

appears that the impact of family structure, indebtedness and 

decision-making on agroforestry involvement was different from 

what could have been expected in this country and overseas. The 

following descriptions of the three cluster groups, as defined 

by this study, enhance understanding of the limited impact of 

family structure, indebtedness and decision-making on 

involvement in agroforestry. 

The bush grazers/planters (cluster 1) reported equally with the 

bush fencers/planters that they had one or more children leave 

the farm. Likewise, these survey farmers, who have been least 

involved in agroforestry, were associated with having stated 

that nobody had a veto on their decision-making about the farm 

business. The bush fencers/planters (cluster 2) reported their 

having had at least one child leave the farm. Also they and 

their spouses have had outside non-farm experience. In 
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contrast, the planters/bush fencers (cluster 3) were the least 

associated of the survey farmers with these characteristics. 

The only difference which has been identified between these 

farmers and the others was that either they, or their spouses, 

were more likely to have had non - farm experience than the bush 

grazers/planters. 

Dominant Family Business Characteristics of Farmers and Farm Families Influencing Involvement in Agroforestry 

The four dimensions which characterise farm family businesses 

in the study area describe varying aspects of their structure, 

rather than their indebtedness or decision-making. Several 

variables associated with the structure of family businesses in 

the study area contribute to explaining the main dimensions of 

this aspect of agroforestry involvement. The indebtedness 

variables were not found significant, and the family decision

making variables had insufficient sample sizes to be included 

in the PCA. 

After compressing the nine family business variables by 

principal components analysis, four factors account for 65 per 

cent of the total variance in the data set. No statistically 

significant clustering of the grids was found in relation to 

the first factor, 'young farmers and families'. The second 

factor identifies the importance of the late stage in the 

family cycle, where older farm families have no ties with 

dependents or an extended family. The grids with the second 

highest mean scores associated with this dimension of 

involvement in agroforestry were found to be clustered in a 

spatial pattern which is statistically different from a random 

distribution in the study area. In addition, the farmers most 

associated with operating older, extended family businesses 

were significantly dispersed throughout the study area. These 

findings indicate the relevance of identifying the stages in 

the family life cycle which may exert influence upon the 

decisions of farmers about their involvement in agroforestry. 

There appears to be a greater incidence of older farm families 

in the western third of the study area, which is logical as 

this is the earliest settled part of the study area. While the 

impact of the family's stage of development on farm management 

in general has been identified by other researchers, no such 
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influences have been reported within the industrialised country 

context of studies about agroforestry. 

Despite the last two dimensions having less impact than those 

which describe stages in the family cycle, they do provide the 

basis for a broader explanation of the main family business

related factors influencing agroforestry involvement. The third 

dimension describes the extent to which respondents in the 

study area have diversified their enterprises by having non

farm experience and income. The last dimension identifies the 

potential influence of older, extended family businesses who do 

not use non-farm labour on involvement in agroforestry. Grid 

squares with the highest mean score rank for this dimension are 

l ocated in a more dispersed than random pattern in the study 

area (p < 0.10). These four composite variables explain the 

majority of the variance in the data set - 65 per cent. This 

favourably compares with the previously reported sets of new 

composite socioeconomic variables that explain 49 per cent of 

the total variance. 

Chapter Five will consider the influence of information, 

incentives, attitudes and management decision-making variables 

on involvement in agroforestry. 
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5.1 TECHNICAL INFORMATION AND FINANCIAL INCENTIVES 
FOR AGROFORESTRY 

The previous chapter reported the impact of socioeconomic and 

family business variables on farmer involvement in 

agroforestry . In a similar manner, this chapter reports the 

results of using ANOVA and PCA to test the impact of three more 

groups of variables. These sets of variables also were 

described in this study's conceptual model as elements of the 

internal farmer and family farm business relations of 

production : 

1 technical information and financial incentives for 
agrof orestry 

2 attitudes to agroforestry practices and management 
3 management decision-making. 

5.1A ANOVA Results : Technical Information and Financial 
Incentives for Agroforestry 

The involvement of study area farmers in agroforestry was found 

to have been associated with some of their views about 

technical information and financial incentives. Eleven of the 

analysis of variance tests in this section were significant to 

at least the 10 per cent level. Of these variables, eight were 

found to have been significantly associated with involvement in 

agrof orestry at the 5 per cent level and two at the 1 per cent 

level . The following three sub-sections describe the results of 

these analyses. 

5.lA.1 General Understanding of Agroforestry 

In the first instance, the extent to which the respondents' 

understanding about agrof orestry as a management practice had 

influenced their involvement with bush management, and shrub 

and tree growing practices was uncertain at the time of the 

present study. The following table reports the results of the 

analysis of variance tests which were undertaken to collect 

this information (Table 5.1). 

Only one of the sets of variables statistically differentiated 

the three cluster groups of farmers. Windbreak protection 

knowledge is least understood by the bush fencers/planters. It 

is surprising that the results from testing the other sets of 

variables did not indicate that the three different groups of 

farmers in the study area differ in relation to their knowledge 

about these practices. While comparative results from other 
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researchers are unavailable, it appears that there is a degree 

of general understanding about agroforestry in the study area. 

The ANOVA results in this table are discussed in two 

subsections the respondents' general agroforestry awareness, 

and their specific knowledge of fire and wind erosion control. 

'Bush Grazers/ 'Bush Fencers/ 'Planters/ 
Planters' Planters' Bush Fencers' 
(C luster (Cluster (Cluster Sign if 

Variable No. One) Two) Three) F Prob -icant 
Description Responses Mean Mean Mean Value >F (0.10) 

Plesse describe the lerm egroforestry 
end its relevance to your property: 
clo•e or correct definition 466 0.83 0.80 0.86 1.08 0.337 
not relevant 466 0.01 0.00 0.01 0.23 0.787 
Fire hazards increasing with 646 0.11 0.10 O.O'J 0.22 0.802 
lrees planted in your shire? 
A were of info : trees vs. lire? 633 0.28 0.30 0.28 0.10 0.901 

Know where lo get 611 0.31 0.33 0.26 1.21 0.296 
fire retardant trees? 

Can well managed windbreaks reduce economic losses 
to crops, stock and soils from strong winds? 
ye& 640 0.88 0.87 0.89 0.08 0.922 
no, or do not know (composite) 640 0.12 0.12 0.10 0.08 0.922 
What distance downwind can well 
managed windbreaks protect? 
<2 lree heights 621 0.06 0.11 0.05 2.87 0.057 
<11 tree heights 621 0.35 0.35 038 0.26 0.766 
<20 tree heighll 621 0.15 0.16 0.18 036 0.692 
<30 tree heights 621 0.11 0.10 0.13 052 0.589 
do not know 621 0.31 0.25 0.22 2.08 0.124 
<I I tree heights, or do not know (composite) 621 0.41 0.47 0.44 0.76 0.467 
<20 heights, or <30 tree heights (co~itc) 621 0.26 0.27 0.32 0.94 0.389 

Source: Great Southern Tree Growing Survey, 1989 

General Awareness of Agroforestry, and Fire Control Practices 

With regard to the first set of variables in Table 5.1, 

involvement in agroforestry was not found to have been 

associated with the respondents' awareness of agroforestry and 

its relevance for their property. Over 80 per cent of the 

respondents reported that they had heard of agroforestry, and 

nearly 60 per cent described it as a land-use relevant to their 

property, using either a correct or close definition of the 

term. In relation to the next three sets of variables which 

described their knowledge about agroforestry management and 

fire control, no differentiation was identified in relation to 

the three cluster groups. Nearly 75 per cent of farmers stated 

that they did not think that fire hazards had been increasing 

with more tree growing in recent years. These views were 

similar to what Coates (1987) found in her study of Western 

Australian wheatbelt farmers who did not associate the presence 

of native vegetation with fire hazards. In contrast, the 

management of bushlands and tree planting sites to reduce fire 

hazards has been considered by the CSIRO's National Bush Fire 

Research Unit (Cheney, 1985) to be an increasingly important 
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activity throughout Australia. In relation to other fire

rel ated variables, 69 per cent of survey respondents did not 

know where to get information about using agrof orestry 

practices to control fire, and somewhat less did not know where 

they could purchase fire resistant species of shrubs and trees 

for planting. 

Windbreaks Knowledge 

Involvement in agroforestry was not found to been have 

associated with the fifth set of variables in Table 5.1 which 

described the respondents' knowledge about their use of an 

agroforestry practice, windbreaks, for reducing economic 

losses. Eighty-seven per cent of survey farmers were familiar 

with the benefits of windbreaks for reducing economic losses to 

crops, stock and soils from strong winds. Despite low mean 

values, the bush fencers/planters (cluster 2) were, however, 

differentiated from the other farmers at the 10 per cent level 

for having incorrectly thought that well managed windbreaks 

protected only two tree heights downwind. 

This response has highlighted the bush fencers/planters' lack 

of understanding about the benefits of windbreak plantings as 

an agroforestry practice. This is likely because their stock 

would seek shelter immediately behind their areas of fenced off 

bush, which are not aerodynamically designed windbreaks 

providing maximum downwind protection benefits. In contrast to 

fenced off bushland, well designed windbreaks can provide 

downwind protection for crops, stock and soil up to twenty 

times their height in the study area, as elsewhere (Bicknell, 

1991). 

5.JA.2 Technical Information and Agroforestry 

The results of the analysis of variance tests which described 

the relationship between involvement in agroforestry and the 

respondents' relative levels of understanding about technical 

information are reported in Table 5.2. 

Of the eight sets of information-related variables which were 

tested for their impact on farmer involvement in agroforestry, 

half of them differentiated the three categories of farmers. 

The following influences on agroforestry involvement will be 

discussed in the next section : 
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tech~ical level of information used 
• main information sources 
• knowledge of others successfully involved with agroforestry 

technical information needs. 

'Bush Grazers/ 'Bush Fencers/ 'Planters/ 
Planters' Planters' Bush Fencers' 
(Cluster (C luster (Cluster Sign if 

Variable No. One) Two) Three) F Prob -icanl 
Description Responses Mean !\lean Mean Value >F (0.10) 

Written information sources? 
non-technical, none (composite) 465 0.76 0.58 0.65 5.88 0.003 
semi-technical, professional (composite) 465 0.49 0.60 0.66 4.60 0.010 
none 465 0.08 0.10 0.07 0.48 0.613 
Information on tree growing: radio, tv? 
monthly 600 0.15 0.13 0.12 0.37 0.685 
rarely 600 0.80 0.80 0.81 0.08 0.915 
monthly or rarely (composite} 600 0.04 0.05 0.06 0.18 0.827 
Is information readily available on 437 0.84 0.86 0.90 1.61 0.200 
farm tree growing? 

Main information sources? 
a. seminars, or field days 437 0.83 0.86 0.90 1.61 0.200 
b. other farmers 605 0.47 0.46 0.52 0.79 0.452 
c. non fann friends 605 0.03 0.10 0.10 4.05 0.017 
d. private companies 605 0.59 0.66 0.67 1.80 0.165 
e. non farm friends, personal exper. (composite) 605 0.32 0.44 0.42 3.78 0.023 
f. Department of Agriculture (DAW A) 605 0.64 0.65 0.67 0.16 0.851 
g. Conservation and Land Management (CALM) 605 0.21 0.28 0.32 2.74 0.065 
h. bank 605 O.QJ 0.00 0.00 1.71 0.180 
i. personal 605 0.30 0.37 0.38 1.80 0.165 
j. books, videos, rural press 605 0.65 0 .52 0.60 3.64 0.026 
Who has arranged seminars or field days in your area 
in tree plenting and management in the last 5 years? 
1.DAWA 359 0.44 0.45 0.48 0.16 0.845 
2.CALM 359 0.20 0.25 0.20 0.46 0.627 
3. private companies 359 0.13 0.14 0.17 0.35 0.700 
4. Land Conservation District 359 0.41 0.47 0.40 0.58 0.557 
5. semi-government 359 0.18 0.23 0.24 0.61 0.539 
6. government 359 0.01 0.04 O.QI 1.07 0.342 
7 . inter es tcd farmers 359 0.23 0.19 0.17 0.61 0.541 
8. do not know 359 0.08 0.05 0.06 0.60 0.547 
9. nobody 359 0.04 0.02 0.05 0.83 0.434 
JO. unclear 359 0.00 0.00 0.00 0.01 0.980 
see above: 3, 4, 6, 7 (ccmposite) 655 0.31 0.40 0.38 2.09 0.123 
do not know, nobody (composite) 655 0.06 0.04 0.07 0.87 0.417 
Know anyone successful in your 
district or elsewhere? 
using shrub.'I or trees (composite) 370 0.83 0.84 0.89 0.96 0.381 
using shrub.'I 262 0.64 0.64 0.65 0.03 0.970 
using trees 354 0.80 0.80 0.87 1.37 0.253 
using shrub.'I vs land degradation 220 0.41 0.46 0.49 0.49 0.612 
using trees v•. land degradation 323 0.68 0.70 0.77 1.19 0.303 
using shrub.'I - increase income 191 0.14 0.26 0.17 1.52 0.220 
using trees - increase income 247 0.23 0.30 0.30 0.69 0.502 
using shrubs - shade, shelter 216 0.49 0.52 0.50 0.05 0.944 
using trees - shade, shelter 308 0.78 0.77 0.84 1.05 0.350 
using shrubs - rev egetatc bush 189 0.28 0.28 0.28 0.00 0.998 
using trees - rcvcgetate bush 253 0.30 0.39 0.50 3A9 0.031 
using shrubs - drought feed 205 0.33 0.38 0.29 0.70 0.495 
using trees - drought feed 249 0.28 0.40 0.21 3.69 0.0:?.6 
Any technical help you can use? 315 0.42 0.43 0.54 1.89 0.152 

If you need techuical help, 
please de;oc ri be 
species selection 133 0.42 0.41 0.24 2.24 0.109 
planting and management assistance 133 0.26 0.21 0.33 0.77 0.463 
weed, or pest control 133 0.34 0.36 0.14 3.59 0.030 
problem specific assistance 133 0.05 0.02 0.05 0.29 0.747 
time, or money 133 0.02 0.00 0.01 0.49 0.613 

Source : Great Southern Tree Growing Survey, 1989 

While the literature review indicated that the other four sets 

of information-related variables in Table 5.2 might have 

influenced the decisions of farmers about agroforestry 

involvement, this was not found to be the case in the study 

area. 

Technical Level of Information Used 

The first set of variables which differentiated the three 

cluster groups of farmers identified how the technical level of 

information about agroforestry varies in the study area. The 
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bush grazers/planters (cluster 1) were associated at the 1 per 

cent level with either having used non-technical sources or 

none at all. These results contrast with the bush 

fencers/planters (cluster 2) and the planters/bush fencers 

(cluster 3) who were differentiated at the 5 per cent level for 

their use of semi-technical or professional written information 

sources. 

Similar findings to the present study have been reported in 

relation to the propensity of progressive farmers to use 

written information sources for learning about new land-use 

practices in agriculture (Rogers, 1983) . These results also 

confirm previous research about innovators in Australian 

agroforestry who used a range of written information sources 

for developing their properties (Reid, 1986). However, no 

research , other than the present study, has identified 

differences between farmers in the levels of their information 

assessment about agroforestry. 

Main Information Sources 

This set of variables in Table 5 .2 described the respondents' 

main information sources about agroforestry. The bush 

fencers/planters (cluster 2) and planters/bush fencers (cluster 

3) were found to have been considerably more aggressive in 

their search. These two groups of farmers had developed a wider 

network of information sources than the bush grazers/planters 

by having used non-farming friends, acquaintances, and the 

Department of Conservation and Land Management for information 

about agroforestry. The planters/bush fencers were, however, 

associated at the 5 per cent level with the bush 

grazers/planters (cluster 1) in relation to having used books, 

videos and the rural press as their main sources of information 

about agroforestry. 

While similar findings in relation to farmers' sources of 

agrof orestry information were not previously reported in this 

state, they have been identified in Victoria (Cary et al. 

1986), and South Australia (Craig et al. 1983; Howett and 

Lothian, 1988). Hence similar findings in other states have 

confirmed the results of the present study that the farmers 

most associated with agroforestry used semi-technical or 
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professional written information about agroforestry, and had a 

comparatively wide network of information sources. 

Knowledge of Others Successfully Involved With Agroforestry 

The respondents were differentiated in relation to the extent 

to which they knew others who were successfully using two types 

of agroforestry practices. The planters/bush fencers were 

associated at the 5 per cent level with reporting that they 

knew others who had been successfully using trees to revegetate 

bush . Likewise , the bush fencers/planters were differentiated 

from the other farmers for their having known people 

successfully using trees for drought fodder (p = 0 . 026) . These 

findings were consistent with regard to research in South 

Australia which correlated another form of communications 

exposure, the membership of farmers in environmental 

organisations, to their applying for Heritage Agreements to 

conserve native vegetation (Craig et al. 1983). These results 

also confirmed similar research in the Western Australian 

wheatbelt which had identified an association between the 

communication patterns among farmers and progressive soil 

conservation behaviour (Fry and Goss, 1985). 

Technical Information Needs 

Nearly 80 per cent of respondents to the present study did not 

report what specific types of technical help they could use . 

This was a similar situation to research in Victoria which 

found that the farmers who were least involved in agroforestry 

were most associated with having reported a lack of technical 

barriers to tree planting (Vanclay and Cary , 1989) . Despite the 

relatively small percentage of respondents who responded to 

this question in the present study, involvement in agroforestry 

was found to have been associated with the bush 

grazers/planters and the bush fencers/planters who reported 

their needs for weed or pest control information (p = 0 . 030) . 

These findings were consistent with research in South Australia 

which also identified farmers' needs for technical help with 

maintenance of trees they had planted (Dowling , 1985; Howett 

and Lothian, 1988). 

Table 5.2 indicates that there are four sets of variables which 

were found to have no influence on agroforestry involvement in 
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the study area. In the first instance, the mass media's 

usefulness as an information source did not differentiate the 

respondents according to their involvement in agroforestry. In 

this case, 86 per cent of respondents reported that they 

thought the radio or the television had useful information on 

tree growing, either monthly or rarely. These findings in the 

study area contrast with the importance of the mass media in 

Victoria for encouraging increased awareness of conservation 

problems, as well as possible solutions (Cary et al. 1986). 

In relation to the respondents' views about the general 

availability of information about tree growing, again there was 

no association identified with involvement in agroforestry. 

With just over half of respondents (58 per cent) stating that 

information about farm tree growing was readily available, 

these results confirm reports of the limited availability of 

such information in Australia generally (Reid and Wilson, 1985; 

Anderson, 1991; Prinsley, 1991), in south-eastern Australia 

(Ritchie, 1988a), and in this state (Batini, 1978; Scott, 

1990) . 

Involvement in agroforestry was also not found to have been 

associated with the respondents' awareness about who had 

arranged tree growing-related field days and seminars over the 

last five years. Of all possible organisers, the Soil 

Conservation District Advisory Committees (renamed Land 

Conservation Districts [LCD] in 1990) were recognised by the 

highest percentage of farmers (24 per cent) for having arranged 

seminars or field days on tree planting and management in the· 

last five years. 

The respondents were not differentiated in relation to their 

knowing people who were successfully using agroforestry 

practices on a scale that might have had some impact on either 

reducing land degradation, increasing income or providing shade 

and shelter . About 25 per cent of respondents reported having 

known people in their district or elsewhere who were 

successfully using shrubs or trees to reduce either land 

degradation or provide shade and shelter. Only 8 per cent of 

respondents indicated that they knew others who had increased 

their incomes by growing shrubs or trees. These findings were 
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consistent with other research which found that tree planting 

invo l vement was not necessarily associated with farmers having 

known about Victoria's formally constituted Farm Tree Groups 

(Cary et al. 1986). 

In a similar way, the communication patterns of progressive 

farmers in the Western Australian wheatbelt were not found to 

have influenced their adoption of minimum tillage, despite 

their having done so for other conservation practices (Fry and 

Goss, 1985) . These researchers reasoned that minimum tillage 

required not only general awareness of procedures, but a 

systematic approach to its implementation for successful on 

farm application. The present study's findings were similar in 

the sense that involvement in agroforestry was not associated 

with the respondents' knowledge of others who were successfully 

using agrof orestry practices such as growing shrubs or trees to 

reduce land degradation, provide shade and shelter or increase 

farm incomes. The similarity between minimum tillage and these 

agroforestry practices has not been previously reported. In 

addition, these findings have suggested that these conservation 

farming practices, while being outwardly quite different, may 

both require other than informal information sources for their 

successful implementation by farmers. 

Finally, there was no differentiation of the farmers according 

to cluster group in relation to their needs for technical help. 

Half of the respondents did not respond to the question, and 

the remainder were equally divided between either needing 

technical information or not. These findings about low levels 

of technical information needs in the study area were similar 

to the results of research about farmers in New Zealand (Morey, 

1988), but less than what had been reported about farmers in 

South Australia (Dowling, 1985; Howett and Lothian, 1988), and 

Victoria (Cary et al. 1986). 

5.JA.3 Financial Incentives and Agroforestry 

In this third and last section about the impact of technical 

information and financial incentives on agroforestry 

involvement, nine sets of variables were tested using ANOVA. 

These variables identify if there is a relationship between 
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involvement in agroforestry and the respondents' views about 

financial incentives. The results are reported in Table 5.3. 

'Bush Grazers/ 'Bush Fencers/ 'Planters/ 
Planters' Planters' Bush Fencers' 
(Cluster (Cluster (Cluster Signif 

Variable No. One) Two) Three) F Prob -icant 
Description Responses Mean Mean Mean Value >F (0.10) 

Taxation familiarity : trees? 
mfficiently 439 0.32 0.37 0.40 0.96 0.381 
uocertain 439 0.55 0.48 0.50 0.75 0.470 
not concerned 439 0.12 0.13 0.09 0.54 0.580 
uocertain or not concerned (composite) 655 0.38 0.43 0.44 0.84 0.431 
Economic advantage - CALM Softwood Shereferming Scheme? 
acme 394 0.31 0.31 0.33 0.15 0.857 
low 394 0.10 0.09 0.10 0.02 0.971 
do not know 394 0.18 0.18 0.13 0.69 0.498 
have not heard of this 394 0.20 0.18 0.19 0.12 0.883 
not applicable here 394 0.16 0.17 0.13 0.36 0.695 
none or not applicable here (composite) 394 0.47 0.48 0.47 0.02 0.977 
do nor know, or have not heard of this (composite) 394 0.38 0.37 0.33 0.46 0.625 
Economic a<lventege - CALM Hardwood Shereferming Scheme? 
none 361 0.29 0.31 0.29 0.06 0.9'+1 
low 361 0.12 0.10 0.11 0.08 0.9'.!2 
do no t know 361 0. 18 0.20 0.19 0.05 0.9'+4 
have not heard of this 361 0.15 0.20 0.19 0.39 0.676 
not applic. here 361 0.17 0.15 0.12 0.65 0.520 
none, or not applic here (composite) 361 0.47 0.47 0.42 0.46 0.630 
do not know, or have not heard of this (composite) 361 0.34 0.4-0 0.38 0.45 0.635 
Economic advantage - W.A. Chip end Pulp Scheme? 
none 387 0.29 0.27 0.25 0.22 0.799 
low 387 0.08 0.08 0.10 0.17 0.840 
do not know 387 0.14 0.17 0.18 0.22 0.796 
have not heard of th.is 387 0.25 023 0.18 ).()() 0.366 
not applic. here 387 0.15 0.17 0.14 0.33 0.715 
none, or not applic here (composite) 387 0.45 0.45 0.40 0.47 0.623 
do noL know, or have not heard of th.is (composite) 387 0.40 0.4-0 0.36 0.30 0.734 
Economic advantage - All Forest Tree Services 
Warranty Scheme? 
none 269 0.24 0.17 0.25 0.97 0.379 
do not know 269 0.13 0.18 0.19 0.69 0.499 
have not heard of th.is 269 0.34 0.27 0.29 0.50 0.6ITT 
not applic. here 269 0.09 0.17 0.10 1.36 0.258 
none, or not applic here (composite) 269 0.34 0.34 0.35 0.03 0.967 
do not know, or have not heard of this (composite) 269 0.47 0.45 0.49 0.10 0.901 
Financial incentives needed for bush fencing? 437 0.80 0.73 0.84 2.81 0.060 

Comments : bush feocing incentives: 
doing without incentives 2ITT 0.24 0.27 0.20 0.43 0.647 
incentives needed 2ITT 0.75 0.73 0.83 1.28 0.279 
doing without, or incentives needed (composite) 207 0.94 0.95 0.98 097 0.379 
Financial incenth·es needed for paddock trees? 434 0.69 0.68 0.75 1.05 0.349 

Comments : paddock tree fencing incentives? 
doing without incentives 158 0.30 0.31 0.22 0.58 0.557 
incentives needed 158 0.71 0.62 0.77 1.62 0.199 
doing without, or incentives needed (composite) 158 0.97 0.91 0.88 1.25 0.287 

Source: Great Southern Tree Growing Survey, 1989 

Of the nine sets of variables which were tested, only one was 

found to be significantly associated at the 10 per cent level 

with the involvement of farmers in agroforestry. The need for 

financial incentives to fence bush appears to have an influence 

on the decisions of farmers in the study area . 

In relation to the views of the respondents in the present 

study about bush fencing incentives, it is logical that the 

bush fencers/planters (cluster 2) were found to be less 

associated than other farmers with the need for them - these 

farmers thus have the highest percentage of their bush fenced 

and the lowest percentage grazed (see Chapter Three, Figure 

3.4). However, the planters/bush fencers (cluster 3) and the 

bush grazers/planters (cluster 1) indicated that they needed 
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bush fencing incentives (p = 0.060). Just over half of the 

respondents (53 per cent) reported that incentives for this 

purpose were needed. These results have confirmed similar 

research in the Western Australian wheatbelt which reported 

that farmers were highly in favour of financial incentives for 

bush fencing (Coates, 1987), However, no research, other than 

the present study, has identified differences between groups of 

farmers in their views about bush fencing incentives. These 

findings were also consistent with South Australian surveys 

which reported farmers' needs for tree growing incentives 

(Dowling, 1985; Howett and Lothian, 1988), and studies in the 

south-west of WA about the financial needs of farmers for 

commercial timber production (Malajczuk et al. 1984; Soutar and 

Wallis, 1986). 

The literature review suggested that the other financially

related sets of variables in Table 5.3 which were tested might 

have had some impact on agroforestry involvement. However, in 

the first instance, involvement in agroforestry was not found 

to have been associated with the respondents' familiarity with 

tree growing-related taxation matters. Nearly 70 per cent of 

respondents were either uncertain about the relationship of 

taxation to tree growing, or did not respond to the question. 

While there has been no comparable research, these results have 

identified a low level of awareness among farmers during the 

time of the survey about the impact of taxation matters on tree 

growing, possibly because of their limited benefit (Grewar, 

1986; Senate Select Committee into Land Conservation, 1991) . 

In the second instance, involvement in agroforestry was not 

associated with the respondents' experiences with any of the 

tree growing incentive schemes in the study area. Forty six per 

cent of respondents did not provide information about the 

economic value of these schemes to their farming enterprises. 

Of those who did respond, half reported that there was either 

no potential economic advantage of these incentive schemes or 

they had not heard of them. The CALM Softwood Share Farming 

Scheme was reported to have had the least overall economic 

value, while the least heard of was the Warranty Scheme 

operated by All Forest Tree Services Pty. Ltd. This scheme was 

available to all of the farmers in the study area, whereas 
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applications for the Softwood Sharefarming Scheme and the other 

two incentive schemes were only open to farmers who were 

located in the western parts of the study area. 

Hence these findings have differed from research in the higher 

rainfall areas of the south-west of Western Australia which 

found that a major group of farmers had positive attitudes 

towards participating in a cost sharing incentive scheme for 

pine production (Soutar and Wallis, 1986). However, the views 

of respondents in the study area about incentives were similar 

to the results of a study of farmers' attitudes towards 

financial incentives for a different objective, native 

vegetation retention in South Australia (Craig et al . 1983). 

Those researchers reported that farmers had a general lack of 

understanding, uncertainty and critical attitudes to the 

incentives available at that time. 

The survey farmers were also not differentiated in relation to 

their assessment of the need for financial incentives to fence 

off trees which they had planted in their paddocks to reduce 

livestock damage. Since 47 per cent of respondents reported 

that they needed financial assistance for this purpose, fencing 

was a reasonably common problem facing farmers who intended to 

embark upon shrub and tree growing projects. These results were 

similar to research in Victoria which found that farmers were 

generally in favour of incentives, especially if they could 

assist with replanting hill lands and other non-productive 

sites (Vanclay and Cary, 1989). In a similar manner, the 

farmers who participated in the Potter Farmland Plan in 

southern Victoria had reported favourably on the project's 

financial incentives which speeded up their efforts to control 

land degradation (Cary et al . 1986) . In addition, that selected 

group of farmers thought that the state government should 

provide tree growing and bush fencing incentives, such as 

taxation relief, subsidies and grants, to all farmers in 

Victoria. Hence, in general, the results of the present study 

as well as those of other studies in this country have 

confirmed the continuing validity of concerns raised over a 

decade ago about the limited acceptance of agroforestry in 

Australia, except with government financial support (Batini, 

1978 ) . 
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5.1B PCA Results : Dominant Technical Information and 
Financial Incentives Related Factors Influencing 
Agroforestry Involvement 

The extent to which farmers are aware of information and 

incentives about agroforestry, and make use of them for 

improving their properties, is an important aspect of 

describing the farmers in the three cluster groups. In this 

study 123 variables were tested using ANOVA to describe the 

farmers' awareness and use of agroforestry information and 

incentives. There were seventeen variables which were 

significant at the 90 per cent confidence level or better. 

After removing the low frequency and conceptually similar 

variables, six were finally used in PCA. Three dimensions of 

farmer awareness and use of agrof orestry information and 

incentives in the study area were defined (Table 5.4). They 

explain nearly 58 per cent of the total variance in the 

original data. 

Source: 

Variable Description 

Written, professional sources 
for agroforestry information 

CALM med for agroforestry infonnal..lon 

Non-farm friends used for 
agroforestry information 

Rural press, videos, books used 
for agroforestry information 

Bush fencing financial incentives needed 

Incorrect urxlerstarxling of windbreak theory 
( <'.! tree heights downwind protcc1ion) 

Variance explained by each factor : 

To1al variance explained : 57 .89% 

Eigenvalues 

Rotated Factor Pattern 

Number ofObservatioru: 410 

Factor Loedings 

FACTOR! 

0.81439 

0.69771 

0.09750 

-0.04107 

0.15224 

0.12901 

21.18% 

l.:!708 

Great Southern Tree Growing Survey, 1989 

FACTOR2 FACTOR3 

-0.18820 0.04069 

0.37761 -0.02967 

0.67956 -0.21917 

0.62272 0.20869 

-0.27478 0.72768 

-0.31210 -0.(,6935 

l<l.02% 17.69% 

1.1410 1.0614 

The first dimension identified from the principal components 

analysis of farmer awareness and use of agroforestry 

information and incentives is labelled 'written, professional 

information sources' (Table 5. 5) . This new composite factor 

describes a grouping of farmers in the study area who seek 

written, professional information and use a non-agricultural 

industry source, the Department of Conservation and Land 
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Management (CALM) . The type of information they use is semi

technical, being from sources other than the rural press, clubs 

and advertising firms. While the respondents reported that DAWA 

advisors and publications were more widely used than other 

sources for information about agroforestry, this composite also 

identifies the importance of the farm tree growing expertise 

within CALM . 

Factor Label 

Written, professional 
information sources 

Item 

written, professional sources 
for agroforestry information 

CALM used for agroforestry 
information 

Source: Great Southern Tree Growing Survey, 1989 

Loading 

0.81439 

0.69771 

The second factor describes an entirely different approach by 

farmers in the study area towards agrof orestry information 

which is defined as 'mainly non-professional, non-farm 

information sources' (Table 5. 6) . 

Factor Label 

Mainly non-professional, 
non-farm information sources 

Item 

non-farm friends used for 
agroforestry information 

rural press, videos, books used 
for agroforestry information 

CALM used for agroforestry 
information 

incorrect understanding of 
windbreak theory ( < 2 tree 
heights downwind protection) 

bush fencing financial 
incentives needed 

Source: Great Southern Tree Growing Survey, 1989 

Loading 

0.67956 

0.62272 

0.37761 

-0.31210 

-0.27478 

These items, when combined as they are in this second factor, 

are an important contrast to the first dimension. They describe 

farmers who reported their having mainly not used professional 

sources of information, but instead non-farm friends, the rural 

press, videos and books which require limited searching. The 

use of non-farm friends in this case suggests the importance of 

non-industry type information sources for encouraging 

a groforestry. This certainly reflects the situation in the 

study area during the time of the survey when there was 
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considerable interest in agroforestry, but not a coordinated 

agricultural industry extension programme about this innovation 

for the farmers. It may well be that during this time the 

influence of people outside the agricultural industry was 

important enough for farmers to report this. These people may 

well have had considerable impact on farmers' decisions to get 

involved with shrub and tree growing. The extent to which non

farm friends have provided information which complements the 

other types of readily available information that they would 

have collected is uncertain. However, it is likely that a 

passive attitude towards professional information sources is 

associated with this descriptor of the farmers. 

Several additional variables of lesser significance are 

represented by this composite which do not substantially 

contribute to explaining this particular data set. They 

identify use of CALM for agroforestry information, awareness of 

the theoretical downwind protection benefits from windbreaks, 

and absence of a need for financial incentives to fence 

bushland areas. The loading of this factor indicates that CALM 

is far less important as an information source than the farm 

press, videos, books, or non-farm friends. Therefore it is 

reasonable that this factor also incorporates non-technical, 

non-professional information use, which is the logical outcome 

of CALM being the least used of the information sources 

reported. Nonetheless, this dimension also portrays an 

awareness of windbreak theory, and the viewpoint that financial 

incentives for bush fencing are unnecessary. 

The third and final dimension produced by this PCA describes 

both the awareness of respondents for financial incentives to 

apply bush management practices, and their knowledge about the 

theory of protection benefits from windbreaks (Table 5.7). This 

dimension portrays the awareness of farmers about financial 

incentives and windbreak theory for applying agroforestry 

practices on bushland and farmland. In the first instance, the 

financial incentives limiting involvement in bush fencing are 

identified. In this case, awareness of the need for bush 

fencing incentives is distinguished from the previous dimension 

which identified the opposing viewpoint . 
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(c) 

KEY 
High Grid Mean Score 

+ 1.00 or more 

+0.01 to +0.99 

0.00 to -0.99 

- 1. 00 or less 

no data available 

Low Grid Mean Score 

#Farmers I Grid 

4orl ..... Morel• 

0 1020304050 
#Grids 

Figure 5.1 : Technical information and financial incentives for agroforestry: mean factor scores for 20 
kilometre square grids (a) written, professional information sources, (b) mainly non
professional, non-farm information sources, (c) awareness about windbreak theory, and the 
need for bush management incentives 

Source: Great Southern Tree Growing Survey, 1989 
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Factor Label 

Awareness about windbreak 
theory, and the need for 
bush management incentives 

Item 

bush fencing financial 
incentives needed 

incorrect understanding 
of windbreak theory 
( < 2 tree heights 
down wind .protection) 

Source: Great Southern Tree Growing Survey, 1989 

Loading 

0.72768 

-0.66935 

Awareness of this need is complemented by the farmers' 

knowledge about the theoretical aspects of another agroforestry 

practice, windbreak planting. While seemingly unrelated to bush 

management, this variable describes the farmland-related 

aspects of the respondents' awareness and use of information 

and incentives for agroforestry. Windbreaks can provide 

considerably more than two tree heights downwind protection 

benefit to crops and soil. Awareness of this information is 

likely to be an essential prerequisite to involvement with 

applying this agroforestry practice in the study area. Hence 

the two inter-related aspects of this third dimension portray 

the relevance for involvement in agroforestry of financial 

incentives for bush management, and theoretical knowledge about 

windbreaks. 

Spatial Patterns 

In order to identify if there is any spatial clustering in 

relation to the dimensions of technical information and 

financial incentives, three maps have been produced from the 

grid mean scores for each of the 410 observations (farmers) in 

this particular PCA (Figure 5.1). 

Nearest neighbour analysis applied at the grid level identified 

that in three instances there was deviation from a random 

pattern (Table 5.8). Seventy one per cent of grids have more 

than one farm in them. 
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Factor 
No . 

Grid 
Mean 
Score No. of 

Density of 
Farmers per 
square km 

Mean 
Obsen·ed 
Distance 
(km) (Ra) Variable Rank* Farmers 

1 Written professional 
information sources 

A 
B 
c 
D 

2 Mainly non-professional, A 
non-farm information B 
sources C 

D 

3 Awareness about A 
windbreak theory, B 
and the need for bush C 
management incentives D 

* Grid Mean Score Rank : 
A + 1.00 or more 
B +0.0 l to +0.99 
C 0.00 to -0.99 
D -1. 00 orless 

56 0.0007 19.492 
125 0.0016 12.797 
110 0.0014 11.976 
97 0.0012 13.692 

47 0.0006 20.009 
138 0.0018 11.176 
148 0.0019 11.686 
55 0.0007 21.551 

0 
274 0.0036 7.998 

37 0.0004 19.345 
77 0.0010 16.173 

* * Pattern Type : 
a - more dispersed than random 
b - random 
c - more clustered than random 

Source: Great Southern Tree Growing Survey, 1989 

Expected 
Mean Distance 

in Random 
Distribution 

(km) (Re) 

18.311 
12.256 
13.065 
13.913 

19.988 
11.665 
11.264 
18.477 

8.278 
22.528 
15.616 

Nearest 
Neighbour 

Statistic (R}1 

1.064 
1.044 
0.916 
0.984 

l.001 
0.958 
1.037 
1.166 

0.966 
0.858 
1.035 

ZR 
Test 

-0.923 
-0.944 
1.672 
0.299 

-0.013 
0.941 

-0.871 
-2.360 

1.069 
l.643 

-0.598 

(I) R =Ra/Re 

Pattern 
p Type 

Value ** 

0.1788 b 
0.1736 b 
0.0475 c 
0.3859 b 

0.4960 b 
0.1736 b 
0.1922 b 
0.0091 a 

0.1446 b 
0.0505 c 
0.2776 b 

There are some spatial influences upon the respondents who have 

a negative association with all three of these dimensions of 

involvement in agroforestry. In the first and third instances, 

the grid squares with a mean score rank of 0.00 to -0.99 (p < 
0.10) are clustered in no discernible pattern throughout much 

of the study area. In contrast, the grid squares with mean 

scores which are the most negatively associated with the second 

dimension (use of non-professional, non-farm information 

sources) are located in a more dispersed than random pattern (p 

< 0.01) . 

5.2 ATTITUDES TO AGROFORESTRY PRACTICES AND 
MANAGEMENT INFLUENCING AGROFORESTRY INVOLVEMENT 

Having discussed in the previous section the impact of 

technical information and financial incentives on agroforestry 

involvement in the study area, this second section identifies 

the influence of farmers' attitudes to agroforestry practices 

and management . 

5.2A ANOVA Results : Attitudes to Agroforestry Practices and 
Management Influencing Agroforestry Involvement 

This section has been divided into two subsections for ease of 

discussion : 

1 commitment and experience with agroforestry 
2 reasons for involvement in agroforestry. 
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5.2A.1 Commitment and Experience with Agroforestry 

The extent to which the respondents' commitment and experience 

with agroforestry influences their decisions was tested using 

ANOVA. The results are reported from the variables which were 

found significant to at least the 10 per cent level, of which 

about 70 per cent were significant at the 5 per cent level. 

These variables are reported in three separate tables. The 

first eight sets of variables which described the relationship 

between involvement in agroforestry and the extent of 

respondents' commitment and experience with agroforestry are 

reported in Table 5.9. 

'Bush Grazers/ 'Bush Fencers/ 'Planters/ 
Planters' Planters' Bush Fencers' 
(Cluster (Cluster (Cluster Sign if 

Variable No. One) Two) Three) F Prob -icant 
Description Responses Mean Mean Mean Value >F (0.10) 

Mede e conscious effort? 
I . grow farm trees 618 0.70 0.79 0.84 5.33 0.005 
2. grow forage shrubs 520 0.17 0.25 0.30 4.08 0.017 
3. graze your bush 493 0.56 0.21 0.42 24.36 0.000 
4. regenerate bush 538 0.33 0.47 0.63 14.45 0.000 
5. reduce salting by shrub, tree planting 564 0.58 0.60 0.73 4.84 0.008 
6. grow your own trees 550 0.25 0.29 0.30 0.51 0.598 
see above: 1, 2, 4, 5, 6 (composite) 641 0.03 0.07 0.07 1.38 0.250 
How much experience with growing rarm trees! 
very 643 0.06 0.06 0.08 0.30 0.736 
a litUe 643 0.49 0.57 0.57 1.80 0.164 
no experience - just started 643 0.21 0.17 0.22 1.03 0.356 
no experience al all 643 0.21 0.18 0.12 3.28 0.038 
very, or a litUc (composite) 643 0.56 0.64 0.65 2.38 0.093 
Do you see the need to grow: 
I. native plant.- timber, posts 633 0.39 0.32 0.38 1.22 0.294 
2. pine plant.- timber, posts 633 0.18 0.23 0.21 1.11 0.3Z7 
3. exotic plant.- timber, posts (blue gums) 633 0.23 0.18 0.21 0.84 0.432 
4 . windbreaks- stock 633 0.80 0.80 0.80 0.00 0.999 
5. windbreaks- crops, soil 633 0.63 0.69 0.67 0.91 0.401 
6. shelterbelts- shade, sheller 633 0.70 0.73 0.67 0.90 0.405 
7. shrubs, trees on saltJand to reduce 633 0.58 0.64 0.68 2.52 0.081 
8. shrubs, trees on catchment/recharge vs. salt 633 0.42 0.45 0.45 0.32 0.719 
9. saltbush, etc - stock fodder 633 0.26 0.34 0.38 3.65 0.026 
JO. tagasaste, etc - stock fodder 633 0.35 0.34 0.35 0.02 0.972 
11. wide-spaced trees in pasture, cropland 633 0.21 0.26 0.22 0.99 0.371 
12. shrubs, trees - property value 633 0.41 0.47 0.39 1.46 0.231 
13. shrubs , trees - property beauty 633 0.52 0.54 0.52 0.07 0.924 
14. ornamental shrubs, trees - shade, shelter, etc 633 0.58 0.60 0.60 0.07 0.924 
15. shrubs, trees - waterlogging control 633 0.42 0.37 0.41 0.52 0.591 
16. shrub!>, trees - water er<."6100 control 633 0.38 0.37 0.48 3.04 0.048 
17. shrubs, trees - wildlife corridors 633 0.26 0.29 0.26 0.37 0.684 
18. shrubs, trees - bush regeneration 633 0.30 0.27 0.34 1.13 0.323 
19. see J, 2, 3 above (composite) 633 0.45 0.43 0.47 0.35 0.698 
20. see 4, 5, 6 above (composite) 633 0.87 0.91 0.88 0.87 0.419 
21. see 7, 8 above (composite) 633 0.66 0.69 0.74 1.61 0.200 
22. see 9, 10 above (composite) 633 0.44 0.52 0.52 1.67 0.187 
23. see 11, 19, 20, 21, 22, 25, 26 (composite) 633 0.9 0.9 1.0 1.61 0.199 
24. see 12, 13, 14 above (composite) 633 0.71 0.76 0.73 0.62 0.533 
25. see 15, 16 above (composite) 633 0.53 0.48 0.56 1.24 0.287 
see 17, 18 above C"ompooite) 633 0.38 0.40 0.42 0.21 0.806 
see 7, 9, 16 above (composite) 633 0.69 0.72 0.79 3.09 0.046 
Do you hllve eny preference for native or exotic 
species on your property? 
yes 420 0.59 0.57 0.51 0.92 0.396 
Would you initiate e seminar or field dey on trees? 
Yes 417 0.28 0.46 0.49 7.34 0.000 
Do you discu:<S tree growing or regenernting 
bushland with you r neighbours or other rermers? 
yes 451 0.88 0.87 0.88 o.~ 0.958 
How meny others did you talk with about 
egroforestry in 1987? 
1-5 395 0.61 0.55 0.44 3.94 0.020 
6-10 395 0.23 0.25 0.34 2.36 0.095 
> 11 395 0.15 0.20 0.21 0.75 0.468 
<JO 395 0.84 0.80 0.78 0.75 0.468 
>6 395 0.38 0.45 0.55 3.9-i 0.020 
How willing ere you to look erter your ferm trees? 
very 431 0.33 0.38 0.34 0.47 0.620 
Limelirruls 431 0.45 0.·H 0.41 0.25 0.775 
unwilhng 431 0.16 0.14 0.16 0.08 0.917 

Source: Great Southern Tree Growing Survey, 1989 
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The following sets of commitment and experience-related 

variables were found to influence farmer involvement in 

agrof orestry : 

• conscious effort 
• experience 
• need to grow shrubs and trees 
• information sharing 
• seminars or field days 
• talks with others. 

While the literature review would have suggested that the other 

variables in Table 5.9 might have had some influence on 

agroforestry involvement, this was not confirmed. 

Conscious Effort 

The first of these sets of statistically significant variables 

has described whether or not survey farmers made conscious 

efforts to get involved with several resource management 

practices that are associated with agroforestry. No previous 

research has been identified which has used this type of 

exploratory question as an initial basis for describing 

farmers' attitudes to agroforestry practices and management. 

The responses to these questions have thus provided a unique 

background of information for the more issue specific sets of 

variables describing farmers' reasons for agroforestry 

involvement . These are reported later in this section. 

The extent to which farmers have made a conscious effort to get 

involved with agroforestry varies considerably. There was 

statistical differentiation to at least the 5 per cent level 

for five of the seven variables tested in this first set. In 

relation to the first of these, growing farm trees, 73 per cent 

of respondents had made a conscious effort to do this. In 

comparison to the bush fencers/planters and the planters/bush 

fencers, the bush grazers/planters were found to have been 

least associated at the 1 per cent level not only with this 

activity but also with having made a conscious effort to grow 

forage shrubs and regenerate bushlands. The bush 

grazers/planters were also differentiated at the 1 per cent 

level from the other respondents by their having consciously 

grazed their bush more than the other farmers in the survey. 

This response was consistent with the low levels of bush 

fenc ing and high levels of bush grazing reported by the bush 
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grazers. These two variables, describing bush fencing and 

grazing levels on the properties of survey respondents, have 

previously been used along with six other serial variables in 

Chapter Two to establish the classification system for 

differentiating the three cluster groups of farmers according 

to their category of agroforestry involvement. Finally, with 

regard to this initial exploratory question about the 

consciously made efforts by farmers to implement agroforestry

related practices, the planters/bush fencers (cluster 3) were 

found to have been associated at the 1 per cent level with 

having planted shrubs or trees to reduce salinity, and 

regenerate bushlands. 

Experience 

The next set of variables in Table 5.9 which differentiated the 

farmers according to the three cluster groups described their 

experience levels with agroforestry. This information has added 

a new dimension to this section's description of farmer 

attitudes to agroforestry practices and management which has 

not been considered in previous research. The bush 

grazers/planters (cluster 1) and the bush fencers/planters 

(cluster 2) were differentiated from the planters/bush fencers 

at the 5 per cent level by their having reported that they had 

no experience with tree growing. The bush fencers/planters were 

also associated with the planters/bush fencers (cluster 3) for 

having reported they had more experience than the bush 

grazers/planters (p = 0.093). Hence the bush fencers/planters 

were not as clearly differentiated as the other farmers in 

relation to their tree growing experience. The bush 

grazers/planters definitely have been found to be the least 

associated with having any experience, while the planters/bush 

fencers were clearly associated with having had the most tree 

growing experience. 

Need to Grow Shrubs and Trees 

The third set of variables in Table 5.9 which influence 

agroforestry involvement describe the practices that the 

farmers saw the need to use on their properties. These 

responses have thus contrasted with the previous two sets of 

variables that described their general level of effort and 

experience with applying agroforestry practices. The bush 
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fencers/planters (cluster 2) and the planters/bush fencers 

(cluster 3) were associated at the 10 per cent level with 

having reported that they saw the need to plant shrubs or trees 

on saltland to reduce salinity. These same farmers were also 

differentiated from the bush grazers/planters for having seen 

the need to plant saltbush and other salt tolerant species for 

stock fodder (p = 0.026). Finally, the planters/bush fencers 

significantly differed from the other groups of farmers at the 

5 per cent level in relation to their having seen the need for 

both salinity and water erosion control practices. 

Information Sharing 

Two variables in Table 5.9 differentiated the farmers in 

relation to their attitudes towards dissemination of 

information about agroforestry. The bush fencers/planters 

(clu3ter 2) and the planters/bush fencers (cluster 3) have been 

clearly associated at the 1 per cent level with willingness to 

have initiated a seminar or field day on trees. This is a 

similar finding to Fry and Goss (1985) who correlated wheatbelt 

farmer attendance at field days to progressive soil 

conservation behaviour. 

The level of contact with other farmers about agroforestry also 

differentiated the respondents according to the three 

categories of involvement. The planters/bush fencers were found 

to have been associated at the 10 per cent level in relation to 

their having discussed agroforestry in 1987 with six or more 

others. In contrast, the bush grazers/planters (cluster 1) have 

been differentiated at the five per cent level in relation to 

their having spoken about agroforestry with the fewest other 

farmers (1-5) in 1987. These findings were consistent with 

previous research which indicated that the extent to which 

farmers discuss innovations among themselves was an important 

measure of the progress of adoption (Rogers, 1983) . In the 

Western Australian wheatbelt, Fry and Goss (1985) correlated 

the number of agricultural groups that farmers were members of 

to their having used soil conservation practices like spray 

seeding, interceptor banks, contour banks and tree planting. 

The present study's results also validated the recent survey of 

Victorian farmers by Woolcott Research (1990) which found that 

farmers were surprisingly interested in what others had done 
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'overseas and next door' in relation to farming methods and 

tree planting schemes. Hence this last set of variables has 

provided a clear contrast between the bush grazers/planters and 

the more willing farmers in the second and third clusters in 

relation to their attitudes towards sharing information about 

agroforestry practices and management. 

No relationship was identified between the involvement of 

respondents in agroforestry and their preferences for local 

native species or exotics on their properties. Only 36 per cent 

of survey respondents indicated that they had a preference, 

with local native species preferred over exotics mostly for 

general farm tree plantings rather than tree crops, fodder and 

saltland rehabilitation. This percentage was less than that 

which was reported by both Coates (1987) in her survey of 

farmers' attitudes to management of native vegetation on 

Western Australian wheatbelt farms, and Dowling's survey of 

South Australian farmers (1985) . Despite priorities being set 

by Commonwealth and State funded organisations like Greening 

Australia for making grants to revegetation projects using 

local native species wherever possible, these survey results 

have indicated that farmers were not entirely convinced of the 

benefits. In general, however, the trend in public preference 

for local native species has continued, albeit with limited 

rationale and selection criteria (Ritchie, 1988a) . 

In addition, there was no differentiation of the farmers into 

the three clusters with regard to whether or not they discussed 

agroforestry with their neighbours or other farmers. Just over 

60 per cent of survey farmers reported that they had discussed 

the subject, 31 per cent did not respond and only 8 per cent 

stated that they did not talk with others about agroforestry. 

Hence over half of the survey farmers were not dissuaded from 

talking about agroforestry because of possible negative 

reactions from neighbours and other farmers about the subject. 

The last set of variables in Table 5 . 9 has identified that 

involvement in agroforestry was not associated with the 

respondents' willingness to look after the trees that they had 

planted. Forty-five per cent of respondents did not report 

their attitudes to this issue or indicated that they were 
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unwilling to look after their trees. Only 23 per cent stated 

that they were very willing to look after their trees. The 

remaining respondents mostly reported that they could look 

after their trees when time allowed. These findings were 

consistent with those of a survey in Victoria which identified 

that time limitations were a significant barrier to farm tree 

growing (Vanclay and Cary, 1989) . 

5.2A.2 Reruons for Involvement in Agroforestry Influencing Agroforestry Involvement 

This chapter ' s consideration of the respondents' attitudes to 

agrof orestry practices and management has tested a range of 

variables which describe their commitment and experience , as 

well as their reasons for involvement in agroforestry. This 

second subsection identifies the impact of the latter . Twelve 

sets of variables described the relationship between the 

respondents' involvement in agroforestry and their reasons for 

having done this . These results are reported in two tables , 

with the first nine sets of variables in Table 5.10 . 

Of the nine sets of variables in Table 5.10 which were tested , 

five were found to be significantly associated with involvement 

in agroforestry . The following groups of these variables appear 

to have influenced the decisions of farmers in the study area : 

• pre-1987 planting reasons for shrubs and trees 
• 1988 planting reasons for trees 
• homestead and other non-production site planting reasons 
• reasons for original interest in agroforestry . 

Although the literature review would have suggested that the 

other variables which were tested might have influenced 

agroforestry involvement, this was not found to be the case . 

Pre-1987 Planting Reasons for Shrubs and Trees 

The first two sets of variables in Table 5.10 have provided 

information about the reasons for shrub and tree growing prior 

to 1987 which differentiated farmer involvement in 

agroforestry. With regard to shrub growing levels before 1987, 

the bush grazers/planters (cluster 1) were most closely 

associated with having planted for saltland rehabilitation 

purposes (p = 0.099) . In relation to tree planting , farmers in 

the third cluster were differentiated at the 1 per cent level 

for nominating saltland rehabilitation as their main reason for 
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agroforestry involvement before 1987. It is likely that the 

small number of Victorian farmers described by Cary et al. 

(1986) who reported salinity control as a reason for tree 

planting were the same type of planters/bush fencers as this 

study's third cluster . In the survey of Western Australian 

wheatbelt farmers by Fry and Goss (1985) they reported that 30 

per cent of the 100 farmers in their sample planted trees to 

control salinity. This was the third most common soil 

conservation practice, behind fencing off the salty land (45 

per cent) and interceptor banks (33 per cent). Hence, in 

relation to the present study, the bush grazers/planters were 

associated with shrub growing for saltland reclamation prior to 

1987, much like the planters/bush fencers were with tree 

growing for the same reason during that period of time . This 

had occurred despite the salinity problem having been reported 

(Bird, 1984b; George, 1990) as difficult to identify in the 

early stages of its development for both farmers and 

scientists. 

1988 Planting Reasons for Trees 

While it was not possible to correlate involvement in 

agroforestry with the respondents' attitudes to the growing of 

shrubs and trees in 1987, in the following year, the bush 

fencers/planters (cluster 2) and the planters/bush fencers 

(cluster 3) were associated with having planted tree crops for 

income earning objectives (p = 0.077). These tree crops 

included various types of pines for wood production, eucalypts 

for industrial oils, posts and timber, pistachios for nuts, tea 

trees (Melaleuca alternifolia) for medicinal oil, and quandongs 

(a member of the sandalwood family - Santalum acuminatum) for 

fruit. The commercially oriented reasons for tree planting in 

1988 by these two groups of farmers can likely be attributed to 

their confidence in the potential for crop diversification 

because of substantially improved income levels from rising 

wheat and wool prices (Table 1.1). That year there was also a 

large increase over previous years in shrub and tree sales by 

nurseries in the study area and the south-west of Western 

Australia in general (Alan Lewis, Greening Western Australia, 

pers. comm. 1992; Peter White, CALM, pers. comm. 1992). 
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Homestead and Other Non-production Site Planting Reasons 

There also were differences between the cluster groups of 

farmers in relation to the extent to which importance was 

'Bush Grazers/ 'Bush Fencers/ 'Planters/ 
Planters' Planters' Bush Fencers' 
(Cluster (Cluster (Cluster 

Variable No. One) Two) Three) F Prob 
Description Responses l\fean l\fean Mean Value >F 

Main reason for trees prior lo 19877 
a. windbreaks 527 0.70 0.77 0.76 1.32 0.267 
b. aesthetics 527 035 0.36 0.34 0.06 0.940 
c. land rehab.- salt 5n 030 0.22 0.40 6.26 0.002 
d. land rehab.- non salt 527 0.06 0.07 0.08 0.44 0.641 
e. fodder 527 O.~ 0.04 0.05 0.16 0.851 
f. other 527 0.13 0.12 0.10 0.31 0.730 
see above: a, c, d, e (composite) 527 0.87 0.87 0.91 1.21 0.298 
Main reason for shrubs prior to 198i? 
a. windbreaks 79 0.16 0.16 0.23 0.29 0.749 
b. aesthetics 79 0.12 0.20 0.13 0.42 0.656 
c. land rehab. - salt 79 0.64 0.33 0.46 2.37 0.099 
d. land rehab. - non salt 79 0.04 0.08 0.03 0.37 0.686 
e. fodder 79 0.16 0.29 0.20 0.64 0.526 
f. olber 79 0.08 0.12 0.16 0.45 0.638 
see above : a, c, d, e (composite) 79 0.88 0.83 0.86 0.1 1 0.892 
Main reasons for trees in 1987'1 
a. windbreaks 329 0.72 0.75 0.64 1.65 0.192 
b. aesthetics 329 0.50 0.46 0.47 0.24 0.784 
c. land rehab. - sail 329 0.18 0.1 6 0.24 1.15 0.316 
d. land rehab. - non sail 329 0.03 0.03 0.04 O.D3 0.967 
e. fodder 329 0.03 0.04 0.06 0.44 0.644 
f. other 329 0.08 0.08 0.08 0.02 0.!176 
see above: a, c, d, e (composite) 329 0.81 0.83 0.83 0.12 0.884 
Planted shrubs in 1987 on property? 422 0.10 0.13 0.18 1.73 0.177 

Main reasons for shrubs in 1987? 
a. windbreaks 46 0.18 0.20 0.15 0.07 0.929 
b. aesthetics 46 O.Il 0.26 0.25 0.01 0.989 
c. land rehab. - salt 46 0.45 0.33 0.40 0.19 0.827 
d . land rehab.· non salt 46 0.09 0.00 0.00 1.63 0.206 
e. fodder 46 0.27 0.33 0.25 0.14 0.868 
f. other 46 0.18 0.13 0.30 0.72 0.488 
see above: a, c, d, e (composite) 46 0.72 0.80 0.60 0.81 0.447 
Planted trees in 1988 on property? 
dryland fodder species 391 0.24 0.28 0.26 0.29 0.744 
tree crops 391 0.14 0.22 0.24 2.57 0.077 
farm trees 391 0.86 0.87 0.86 0.07 0.927 
dryland fodder/ tree crops (composite) 391 0.38 0.44 0.47 0.98 0.374 
Planted shrubs in 1988 on property? 
dryland fodder species 46 0.00 0.17 0.19 0.85 0.433 
saltland species 46 0.75 0.70 0.85 0.63 0.533 
Planted or left trees- homestead, sheds. drive, lanewey'1 
homestead, sheds, drive 63 0.90 0.90 1.0 5.17 0.005 
all listed reasons (composite) 655 0.90 0.89 0.98 6.89 0.001 
Planted for one or more reasons (composite) 530 0.98 0.92 0.98 6.36 0.001 
left for one or more reasons (composite) 458 0.92 0.92 0.97 1.94 0.144 
planted - shelter 655 0.58 0.66 0.73 6.09 0.002 
left - shelter 655 0.57 0.54 0.67 3.64 0.026 
planted - shade 655 0.56 0.59 0.69 4.27 0.014 
left - shade 655 0.52 0.49 0.61 3.65 0.026 
planted - wildlife, conservation 655 0.30 0.34 0.35 0.65 0.519 
left - wildlife, conservation 655 0.32 0.35 0.44 3.67 0.025 
planted - beautification 655 0.60 0.60 0.67 1.31 0.270 
left - beautification 655 0.42 0.46 0.53 2.68 0.068 
planted - fire control 655 0.06 0.08 0.05 0.83 0.435 
left - fire control 655 0.06 0.09 0.05 1.39 0.248 
planted - dust control 655 0.29 0.34 0.33 0.60 0.548 
left - dust control 655 0.30 0.31 0.31 0.02 0.972 
planted - salt control 655 0.11 0.09 0.15 2.17 0.114 
left - salt control 655 0.13 0.08 0.21 7.79 0.000 
planted - other reasons 655 0.04 0.02 0.05 1.33 0.264 
left - other reasoru 655 0.03 0.00 0.03 2.26 0.104 
Whet originally encouraged interest? 
I. native plant. - timber, posts 456 0.07 0.08 0.16 4.12 0.016 
4. windbr.:aks - stock 456 0.80 0.82 0.80 0.07 0.929 
5. windbreaks - crops, soil 456 0.63 0.70 0.65 0.89 0.410 
6. shelterbelts - shade, shelter 456 0.71 0.77 0.79 1.37 0.254 
7 . •hrubs, trees (st) - saltlarxl to reduce salinity 456 0.48 0.46 0.60 3.51 0.030 
8. st on catchment/recharge vs. salt 456 0.17 0.21 0.25 1.60 0.202 
9. saltbush. etc - stock fodder 456 0.15 0.10 0.18 2.09 0.124 
I 0. lagasaste, ecc - stock fcdder 456 0.19 0.16 0.22 1.16 0.312 
11. wide-spaced trees in pasture, cropland 456 0.11 0.04 0.10 2.63 0.072 
12. shmbs, trees (st) - property value 456 0.24 0.20 0.31 2.40 0.091 
13. st - property beauty 456 0.46 0.41 0.49 0.90 0.405 
14. ornamental st - shade, shelter, etc 456 0.53 0.49 0.51 0.18 0.830 
I 5. st - waterlogging control 456 0.24 0.17 0.28 2.48 0.084 
16. st - water erosion control 456 0.19 0.14 0.25 2.87 0.057 
17. st - wildlife corridors 456 0.17 0.14 0.21 1.18 0.308 
18. st - bush regeneration 456 0.12 0.15 0.25 5.09 0.006 
see I, 2. 3 above (composite) 456 0.18 0.14 0.22 J.66 0.191 
see 4, 5, 6 abQVe(cornposite) 456 0.87 0.95 0.92 3.93 0.020 
see 7, 8 above (composite) 456 0.49 0.51 0.63 3.42 0.033 
see 9, 10 above (composite) 456 0.30 0.22 0.32 2.35 0.095 
see 11, 19, 20, 21, 22, 25, 26 above (comp0Site) 456 0.9 0.9 1.0 0.86 0.422 
see 12, 13, 14 above tcomposite) 456 0.67 0.65 O.M 0.11 0.890 
see 15, 16 above (composite) 456 0.32 0.23 0.37 3.37 0.035 
sec 1"7. 18 above (composite) 456 0.22 0.22 0.32 2.46 0.086 

Source: Great Southern Tree Growing Survey, 1989 
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attributed to plantings around the homestead, shed, drive or 

laneways. Ninety-four per cent of respondents reported that 

they had planted at these locations. The planters/bush fencers 

(cluster 3) were differentiated to at least the 10 per cent 

level for having planted or saved trees in these locations for 

shelter, shade, wildlife conservation, beautification and salt 

control. Once again, the active involvement of cluster three 

farmers in agroforestry type plantings was confirmed, albeit 

not on production oriented farm land sites. 

In a similar manner, South Australian farmers planted more 

trees on land not used for agriculture near their homesteads or 

along fencelines than any other location (Howett and Lothian, 

1988). Recent research in Victoria also found that such 

plantings were common practice (Woolcott Research, 1990), 

although there was generally more emphasis on planting for land 

degradation control by the present study's respondents in 

southern Western Australia. According to the Woolcott Research 

study (1990:12) in Victoria 

When farmers were asked whether or not they planted trees on their 
properties, the majority were quick to point out that often they planted trees 
around the house, or along the driveway or in the garden. In this sense trees 
were strongly perceived as simply a beautification aid or something "the wife 
likes" with no real direct benefit to the operations of the farm. Amongst those 
farmers who indicated that they did already plant trees on the property it was 
usually something they did when they had a bit of spare time or spare money, 
often an activity they carried out in the "good years." The trees they planted 
were usually very few in number, along fences, around sheds, or in areas that 
they did not farm normally. 

Reasons for Original Interest in Agroforestry 

With most farmers in the study area having already planted 

trees around their homesteads, farm buildings and roads, 

information from the respondents was also collected in relation 

to their original reasons for involvement in agroforestry. The 

set of variables which described the impact of these reasons 

upon their present involvement in agroforestry has been 

reported at the bottom of Table 5.10. Only plantings of trees 

or shrubs to increase property beauty, and ornamentals around 

the homestead, sheds, drive or laneways for shade and shelter 

were not found to have been associated with involvement in 

agroforestry. Of these, ornamental plantings for shade and 

shelter had the highest percentage (36 per cent) of farmers 

positively report this as having been a major influence on 

their original interest in agroforestry. 
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In contrast, the respondents' having been originally interested 

in several other agroforestry practices was found to have 

influenced their present involvement in agroforestry. For 

example the planters/bush fencers (cluster 3) were associated 

at the 1 per cent level with having seen the need for bush 

regeneration. These farmers were also differentiated from the 

other respondents at the 5 per cent level for having reported 

that their attitudes to agroforestry were originally encouraged 

by the potential for growing not only plantations of native 

species for wood products like timber or posts, but shrubs and 

trees on saltland as well. The planters/bush fencers were also 

associated at the 10 per cent level with having been originally 

interested in plantings to increase property value, as well as 

to control waterlogging and water erosion. 

In addition, the planters/bush fencers, were also associated 

with the bush grazers/planters at the 10 per cent level by 

their original interest in agroforestry having been encouraged 

by the potential for wide-spaced trees in pasture and 

croplands, as well as plantings for waterlogging control and 

stock fodder on both dryland and saltland sites. In contrast to 

these farmers, the bush fencers/planters were associated at the 

5 per cent level with the composite variable that described 

their having been originally interested in growing trees and 

regenerating bushland as windbreaks and shelterbelts tp provide 

shade and shelter for crop, stock and soil protection. 

Two sets of variables in Table 5.10 were found to have no 

impact on the decisions of farmers about agrof orestry 

involvement in the study area : 1987 shrub and tree planting 

reasons, and 1988 shrub plantings reasons. 

1987 Shrub and Tree Planting Reasons 

While this was apparently not the case in other periods, during 

1987 the survey respondents had very similar attitudes to 

agroforestry practices. In that year, plantings for shade and 

shelter were the most commonly reported reasons for 

agrofores~ry involvement, followed by aesthetics and saltland 

rehabilitation. During 1987, 61 per cent of farmers reported 

that they had planted less than 100 trees or none at all. This 

could have been the result of lower than normal rainfall 
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conditions that year (Bureau of Meteorology, 1989). These 

findings also have suggested that many respondents did not have 

enough good reasons to establish more than just minimal 

agroforestry planting programmes during a low rainfall year . In 

fact, 51 per cent of survey farmers did not report their 

purposes for planting in 1987. Those who did respond reported 

that shade and shelter (25 per cent), aesthetics (15 per cent) , 

and saltland reclamation (5 per cent) were their main reasons 

for tree plantings in that year. A similar, but even more 

extreme situation occurred with the survey farmers' shrub 

plantings in 1987. Only 59 survey farmers (14 per cent of 

respondents) stated that they had planted shrubs that year. 

With so few farmers involved in this agroforestry practice 

there was no significant differentiation according to cluster 

group. 

1988 Shrub Planting Reasons 

In 1988, once again, the same shade and shelter tree planting 

reasons for involvement in agroforestry were given by a 

majority of respondents, as they had been both prior to 1987, 

and in 1987. In contrast, during 1988, only 45 of 655 survey 

farmers (15 per cent) planted shrubs, with no relationship 

having been identified to the extent of their involvement in 

agroforestry. This can possibly be explained by there having 

been in the study area at that time only a few successful 

demonstrations of fodder shrubs (C.V. Malcolm, DAWA, pers. 

comm. 1988; G. Hill, Australian Revegetation Corporation, pers. 

comm. 1988). Despite considerable information having been made 

available by both private and public sector sources it was 

apparent that few farmers had actively adopted these 

agroforestry practices. 

The following table reports the results of the last three sets 

of attitudinal variables which described the impact on 

involvement in agroforestry of the respondents' views about the 

most important practices on their properties (Table 5.11). All 

three sets of variables describing the most important 

agroforestry practices on the respondents' properties were 

found to significantly differentiate the farmers according to 

the three categories of involvement (p < 0.10). 
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'Bush Grazers/ 'Bush Fencers/ 'Planters/ 
Planters' Planters' Bush Fencers' 
(Cluster (Cluster (Cluster Signif 

Variable No. One) Two) Three) F Prob -kant 
Description Responses Mean Mean Mean Value >F (0.10) 

Most important practice? crrequency of mentions) 
]. oallve plant. - timbec, posts 437 0.04 O.Q2 0.04 OST 0.564 
2. pine plant. - timber, post.I 437 O.Q2 0.03 0.01 0 . .56 0.567 
3. exotic plant. - timber, post.I (blue- gums) 437 0.02 0.00 0.02 1.00 0.365 
4. wllldbreaka - stock 437 O.M 0.72 0.63 1.48 0.228 
5. windbreaks - crops, soil 437 0.47 0.56 0A1 3.18 0.042 
6 . sheltubell.l - sbade, shelter 437 0.44 0.41 0.41 0.14 0.86$ 
7. ahrubt, treea (st) - aalUard to rcdu:::e aalinity 437 0.36 0.32 0.45 3.ITT 0.047 
8. s t on catchmcnl/ recharge va. aalt 437 0.08 0.09 0.06 0.60 0.546 
9. saltbU5h. etc - atock fodder 437 0.06 0.03 0.06 1.00 0.367 
10. tagasaate, etc - atock fodder 437 0.10 O.Q7 0.fJ7 0.49 0.608 
11. wide-a paced trees in pasture, crop111Jld 437 0.03 0.00 0 .00 2.62 0.073 
12. shrubs, treca (st) - property value 437 O.D3 0.01 0.04 l.21 0.297 
13. at - property beauty 437 0.15 0.10 0.12 0.59 0.550 
14. ornamenlal st - shade, sheltc:c, el£ 437 0.13 0. 17 0.12 0.78 D.458 
15. at - watcrlogging control 437 0.08 O.D7 0.13 1.39 0.248 
16. at - water erosicn con.t(ol 437 0.05 0.04 O.Q3 0.22 0.79') 
17 . st - wildlife corridors 437 0.02 0.05 0.05 I.33 0.263 
18. at - buah regenecaticn 437 O.Q2 O.Q3 0.05 1.20 0.300 
see l, 2. 3 above (composite) 437 O.D7 0.06 0.09 0.36 0.693 
sec 4, 5. 6 above (composite) 437 0.84 0.92 0.87 2.05 0.129 
aee 7, 8 abcrvc(ccmposilc) 437 0.42 0..39 0.50 2.03 0.132 
see 9, 10 above (composite) 437 0.16 0.09 0.13 1.57 0.208 
ace 12, 13, 14 above (composite) 437 0.29 026 0.26 0.25 0.775 
see 15, 16above(compoaite) 437 0.13 0.12 0.15 0.28 0.751 
sec 17, 18 above (composite) 437 0.04 0.09 0.10 1.93 0.145 
First ranked most important practicd 
4. windbrc:Us - stock 437 0.33 0.39 0.31 1.17 0.310 
5. windbn:aka - cropa, soil 437 0.18 0.19 0.20 0.09 0 .910 
6. sheltc:cbclll - shade, shelter 437 O.D7 0.09 O.fJ7 0.17 0.837 
7 . shrubt, trees (at) - salthm:i to reduce salinity 437 021 0.15 0.27 3.37 O.D35 
8. st on ca1£hmcnl/rcchargc n. salt 437 O.Q2 0.01 0.02 0.17 0.843 
sec 4, 5, 6 (composite) 437 0.58 0.67 0.59 1.67 0.188 
see 7, 8 (ccmpoaite) 437 O.ZA 0.17 0.29 3.25 0 .039 
Second ranked most Important pradice'1 
4. windbreaks - a lock 420 022 0.22 0.20 0.14 0.862 
5. windbreaks - cropa, soil 420 0.21 0.31 0.17 4 .27 0.014 
6 . shelterbclta • 1hadc, 'helta 420 0.21 0.13 0.20 1.72 0.178 
7. ahruba, trcCI (st)· aalUam to rcdlX'C salinity 420 0.09 0.09 0.10 0.08 0.923 
sec 4, 5, 6 (composite) 420 0.35 0..37 0.38 0.15 0.858 

Source: Great Southern Tree Growing Survey, 1989 

Importanre of Agroforestry Objectives 

The first set of variables reported in Table 5.11 have 

identified the impact on agroforestry involvement of the most 

important agroforestry objectives mentioned by farmers. The 

bush fencers/planters (cluster 2) were found to have been 

associated at the 5 per cent level with having reported that 

growing trees or regenerating bushland as windbreaks for crop 

and soil protection to have been the most important 

agroforestry objective on their properties. The planters/bush 

fencers (cluster 3) were associated with having reported the 

importance of growing shrubs and trees on saltland to reduce 

salinity, again at the 5 per cent level. In contrast, the bush 

grazers/planters (cluster 1) were differentiated from the bush 

fencers/planters and the planters/bush fencers for their having 

reported the importance of wide-spaced trees in pasture and 

croplands (p = 0.073). While no other studies have identified 

such differences between groups of farmers in the study area, 

these findings confirm the results of research in other parts 

of Australia which have found similar reasons and ranking 
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variability amongst farmers (Dowling, 1985; Cary et al. 1986; 

Fry and Goss, 1985; Woolcott Research, 1990). 

With specific regard to the respondents' first ranked most 

important agroforestry objective, the planters/bush fencers 

(cluster 3) have identified plantings of shrubs and trees on 

saltland to reduce salinity (p = 0.035). These farmers were 

also associated with the bush grazers/planters (cluster 1) in 

relation to the composite variable which described their most 

important agroforestry objective as plantings of shrubs and 

trees on salt affected land, as well as on the higher catchment 

and recharge sites to reduce salinity. In relation to the 

second ranked most important agroforestry objective on survey 

farmers' properties, the bush fencers/planters were associated 

at the 5 per cent level with having reported windbreaks for 

crop and soil protection. 

While the first and second most important ranked agroforestry 

objectives were found to have had an impact on involvement in 

agroforestry, the third ranked objectives did not. Hence the 

set of variables which described the third most important 

ranked agroforestry objectives has not been reported because no 

relationship with farmer involvement was identified. However, 

the overall most important ranked objectives for growing trees 

or regenerating bushlands are reported in Figure 5.2. These 

were : windbreaks for stock protection (45 per cent of 

respondents), followed by windbreaks for crop and soil 

protection (36 per cent), shelterbelts for shade and shelter 

(28 per cent), and saltland reclamation (22 per cent). 

5.2A.3 Views about the Economics of Agroforestry Influencing Agroforestry Involvement 

Having discussed in previous sections the impact on 

agroforestry involvement of (1) the respondents' commitment and 

experience and (2) their reasons for bush management, and shrub 

and tree growing, this third and final section considers 

economics. The impact of the respondents' views about the 

economics of agroforestry on their involvement with these land

use practices are reported in two tables. In the first 

instance, the farmers' attitudes to borrowing funds for 

agroforestry, as well as their views on the economic risks 

associated with agroforestry are reported in Table 5.12. Only 
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Figure 5.2 : Ranked most important objectives that originally encouraged interest in agroforestry 
Source : Great Southern Tree Growing Survey, 1989 

'Bush Grazers/ 'Bush Fencers/ 'Planters/ 
Planters' Planters' Bush Fencers' 
(Cluster (Cluster (Cluster Signif 

Variable No. One) Two) Three) F Prob -icant 
Description Responses Mean Mean Mean Value >F (0.10) 

Borrow money From bB11k for agrt>forestry7 426 0.13 0.16 0.22 1.90 0.150 

Bank manager's reaction to loen request: trees? 
sympathetic aod positive 409 0.43 0.42 0.40 0.16 0.&44 
sympat.het.ic but negative 409 0.24 0.24 0 .24 0 .00 0.9'J8 
negative 409 0.16 0.14 0.14 0.11 0.894 
do Q('t know 409 0.11 0.08 0.14 J.05 0.351 
would nol bonow 409 0.03 0.05 0.06 0.60 0.549 
sympathetic but negative, er negative (composite) 409 0.41 0.39 0.39 0.05 0.949 
Muimum interest : tree grow loen7 
>11 % 268 0.13 0 .09 0.15 0.55 0.572 
do not know 268 0.10 0 .08 0.04 J.34 0.263 
would not borrow 268 0.20 0.21 0.16 0.52 0.591 
6-10% 268 o:n 0.40 0.34 1.71 0.182 
no interest loan 268 0.29 0.21 0.30 0.95 0.384 
Reasons why egroforeatry is economically rlsky7 
slow return.a 230 0.42 0.36 050 1.64 0.195 
lack of cosV benefit data 230 0.11 0.28 0 .18 3.25 0.040 
olher priorities 230 0.30 0.26 o:n 0.12 0.883 
nol applicable, or UlX'lcar 230 0.05 0.01 0 .01 1.98 0.140 
unsuitable for trees 230 0.10 O.Q7 0.01 2.73 0.066 
slow retunu, or lack cost/benefit data (comp.) 230 0.53 0.6.$ 0 .69 2.10 0.124 
tr no quantitative results or financial Pstimates 
on the effects of having trees, is it because : 
can't calculate 401 0.26 0.30 0.36 1.55 0.213 
can't calculate, or too early to tell (compoaite) 401 0.36 0.37 0.37 0.01 0.983 
too early to tell 401 0.34 0.30 0.24 1.40 0.246 
not seen in economic tcrma 401 0.00 0.00 0.00 0.49 0.611 

Source: Great Southern Tree Growing Survey, 1989 

the farmers' reasons why they thought agroforestry to be 

economically risky differentiated them according to the three 

categor ies of involvement. The respondents were differentiated 

according to the cluster groups in relation to their views 
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about the risks of agroforestry. The bush fencers/planters 

(cluster 2) were associated at the 5 per cent level with having 

reported that the lack of cost benefit data was their main 

concern about the economics of agroforestry. 

While these findings confirm that economic figures on the 

benefits of applying agroforestry practices in the study area 

were unavailable at the time of the present study, the third 

cluster group of farmers most likely were planting shrubs and 

trees despite this. The planters/bush fencers, were also 

associated in their economic viewpoints with the bush 

grazers/planters (cluster 1) by having reported that they 

thought their properties were unsuitable for tree growing (p 

0.066). No comparable studies have been identified which 

considered farmers' perspectives on these aspects of the 

economics of applying agroforestry practices. Successes have, 

however, been reported by farmers in southern Western Australia 

which led to greater agroforestry involvement (Esbenshade, 

1988; Bicknell, 1991). 

The first two sets of variables in Table 5.12 which described 

the respondents' views about the economics of agroforestry did 

not differentiate their involvement in agroforestry. Neither 

willingness to borrow money for growing trees, nor what they 

thought the reaction of their bank manager would be to a loan 

request for shrub and tree growing had any impact on their 

involvement in agroforestry. Only 12 per cent of farmers 

reported willingness to borrow money for growing trees. In 

addition, only 26 per cent reported that they thought their 

bank manager would be sympathetic and positive if they 

requested a loan for agroforestry. The remaining 482 farmers 

did not respond to the latter question or stated that they 

thought their bankers' reactions would be negative. These 

results are comparable to the study of Victorian farmers by 

Woolcott Research (1990) which reported farmers' opinions that 

it was unwise to over-react to such problems as land 

degradation 'in either good or bad times' by borrowing money. 

Likewise, there was no relationship identified between the 

respondents' attitudes towards the maximum interest rate that 

they would be willing to pay for a tree growing loan and their 
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involvement in agroforestry. Nearly 70 per cent of respondents 

did not indicate their views on the subject, but of those who 

did, most stated that a 6-10 per cent interest rate was 

reasonable. No comparable research about farmers' views on 

interest rates for tree growing loans in regions similar to the 

study area have been identified. 

In relation to the last set of analysis of variance tests 

reported in Table 5.12, there was no association between 

involvement in agroforestry and the respondents' reasons for 

not having any quantitative results or financial estimates 

about the effects of having trees on their properties. Most 

respondents reported that it was too early to tell or they 

could not calculate any measurable benefits from having trees 

on their properties. Despite these findings in the study area, 

numerous farmers have seen some benefits from agroforestry, 

exemplified during the time of the survey by articles in the 

state-wide rural press. However, as these articles have 

suggested, and the survey results quantified, very few farmers 

could provide examples of verifiable economic benefits 

resulting from agroforestry. In the survey only 24 of the 

survey farmers (4 per cent) reported having recognised such 

benefits from agroforestry. 

Finally, Table 5.13 reports the results from analysis of 

variance about the respondents' attitudes towards the economics 

of the main agroforestry practices in the study area. 

Those types of bush management, and shrub and tree growing 

practices which differentiated the farmers according to the 

three categories of involvement in agroforestry are reported in 

Table 5.13. There was no differentiation of the farmers in 

relation to their views on the economics of growing shrubs and 

trees to improve their property values, and control wind, salt, 

waterlogging and water erosion-related problems. 
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'Bush Grazers/ 'Bush Fencers/ 'Planters/ 
Planters' Planters' Bush Fencers' 
(Cluster (Cluster (Cluster Signif 

Variable No. One) Two) Three) F Prob -icant 
Description Responses Mean Mean Mean Value >F (0.10) 

Economk. to plant ror property beautification? 
0.73 0.78 050 0.602 yea 409 0.78 

no 409 0.10 0.16 0.14 1.06 0.347 
do not know 409 0.12 0.03 OJJ7 4.49 0.011 
not applicable 409 0.03 0.01 0.00 2.00 0.135 
Economic· wildlife corridors? 
ye.a 394 0.30 0.40 0.35 1.35 0.258 
no 394 0.40 0.37 0.40 0.15 0.855 
do not know 394 0.12 0.11 0.17 l.48 o:n.1 
not applicable 394 0.16 0.10 0.06 3.28 0.038 
Economic • bush rpgenPration'1 

0.43 0.46 0.54 1.50 0.223 yea 387 
no 387 0.28 0.32 0.22 1.46 0.233 
do not know 387 0.13 0.09 0.18 2.75 0.064 
Economic· plantations (all typet1)'! (composite) 
yea 418 0.34 0:57 050 3.69 0.025 
no 418 0.69 0.75 0.70 0.73 0.479 
doQO(know 418 0.26 0.30 0.17 0.40 0.fJ69 
not applicable 418 0.07 0.09 0.11 0.47 0.624 
Economic· wildlife corridors, bush regeneration? (compmlt.e) 

0.220 yea 406 0.48 0.55 059 1.51 
no 406 0.45 0.43 0.43 0.04 0.954 
do not know 406 0.16 0.14 0.25 3JJ7 0.047 
Economic • bush regeneration, planting11 for property 
beautfication'1 ( compmite) 
do not know 451 0.16 0.10 0.19 2.36 0.096 
Economk • wildlife corridors, bush regeneration? (composite) 
not applicable 451 0.19 0.19 0.08 4.22 O.Dl5 
Economic to plant shrubs? If yea, plea• l!llplain: 
L wiD:lbrc.akJ 655 0.04 0.00 O.Q3 0.06 0.934 
b. acathctica 655 0.02 0.02 0.03 0.19 0.826 
c. laod rehab. • salt 655 0.04 0.04 0.05 0.09 0.910 
d. laod rehab. • non sail 655 0.01 O.Q3 0.01 2.14 0.118 
e. foddCl 655 0.04 0.04 0.09 2.87 0.057 
see above: a, c, d, e (ccmposile) 655 0.13 0.13 0.16 0.51 0.596 
ncneplanlcd,donot know (ccmpoaite) 655 0.00 0.00 0.00 l.20 0.299 

Source: Great Southern Tree Growing Survey, 1989 

The bush grazers/planters (cluster 1) were differentiated to at 

least the 5 per cent level from the other farmers for having 

reported uncertainty about the economics of wildlife corridors 

and plantings for property beautification. These same farmers 

were also found to have been associated with the planters/bush 

fencers (cluster 3) at the 10 per cent level for not knowing if 

plantings for property beautification and bush regeneration 

were economic activities on their properties. Likewise, the 

bush grazers/planters (cluster 1) were associated with the bush 

fencers/planters (cluster 2) in relation to their having 

reported that wildlife corridors and bush regeneration were not 

applicable. This may indicate non-involvement, or that these 

farmers do not think about involvement with bush management in 

monetary terms (p = 0.015). In contrast, the planters/bush 

fencers (cluster 3) were differentiated at the 5 per cent level 

for indicating that it was economically worthwhile to have 

plantations of all types, whether native or exotic, on their 

properties. However, even though these same farmers did not 

know if wildlife corridors or bush regeneration practices were 

economically viable (p = 0.047), they were associated with 
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having reported that it was economic to plant shrubs for stock 

fodder (p = 0.057). 

There was no differentiation of the farmers for most of the 

variables describing whether or not they thought it 

economically worthwhile to apply agrof orestry practices on 

their main income earning property. Hence the results of these 

ANOVA tests were not reported in Table 5.13. With regard to 

those results, however, over half of the survey respondents 

reported that farmland plantings of windbreaks and 

shelterbelts , as well as homestead plantings of ornamental 

species for shade and shelter were economically viable 

practices. Small percentages of respondents indicated that 

plantings for the purposes of salinity control, increasing 

property values, fodder, and water erosion control were 

economically worthwhile practices. 

5.2B PCA Resuits : Dominant Attitudes to Agroforestry 
Practices and Management Inf iuencing Agroforestry 
Invoivement 

The farmers' attitudes to agroforestry practices and management 

were described by their responses to 25 survey questions from 

which 370 analysis of variance combinations had been created. 

The farmers were statistically differentiated into the three 

cluster groups in relation to 55 attitudinal variables. After 

removing the low frequency and conceptually similar variables, 

eight were compressed by PCA. The rotated factor solutions and 

loadings of these variables on each of the four dimensions 

revealed in the analysis are reported in Table 5.14. 

The first factor accounts for seventeen per cent of the total 

variance in the data set on attitudes to agroforestry. It is 

labelled 'favourable discharge area and waterway land 

degradation control oriented attitudes' (Table 5.15). 
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Rrutcd Factor Pattern 

NumbecofObscivaticm: 300 

Factor Loadings 

Variable Deacription FACTORJ 

Source: 

Scca need for salinity plantmgs and water control 

Main reason for trees <1987 : saltland rccllllil8tiOD 

Discussed agrofcrcatry with few others 

Scca need for agroforeatry field da)'ll 

T~ growing C'.!lpuicoce : none at all 

Bwh rcgcnccation and wildlife 
corridors : economically non-applicable 

Most important current inlcrcat: 
shelter to protcd crepe and aoila 

Docs nOl know if bush rcgcocralion 
or acathetic plantingJ cconolillC 

Variance C'.!lplainod by each factor: 

Total variance explained : 5954% 

Eigcnvaluc:a 

Great Southern Tree Growing Survey, 1989 

Factor Label Item 

Favourable discharge area 
and waterway land degradation 
control oriented attitudes 

sees need foc salinity 
plantings and water control 

main reason for tree growing 
pre-1987 was salt-affected 
land reclamation 

Source: Great Southern Tree Growing Survey, 1989 

0.77725 

0.76373 

0.05069 

0.17222 

-0.06922 

0.02330 

-0.16280 

-0.08809 

17.56% 

1.4051 

FACTOR2 FACTOR3 FACTOR4 

-0.05862 -0.14479 0.17714 

-0.04732 0.10044 -0.27929 

0.87735 0.02864 0.11307 

-0.69667 -0.00349 0.23856 

-0.12428 0.77138 -0.14285 

0.17086 0.72206 0.19999 

-O.CT1368 -0.07841 0.69337 

0.00680 -0.10232 -0.62728 

15.19% 14.20% 1259% 

1.2153 l.l362 1.0070 

Loading 

0.77725 

0.76373 

This first factor describes the involvement of farmers in 

controlling land degradation on discharge areas and waterways. 

Shrub and tree growing in these areas on farms in the study 

area is one of the three dimensions of agroforestry involvement 

specified in this study's conceptual model for analysis. This 

new composite variable confirms the operational validity of 

this aspect of the model, as well as providing both an 

historical and needs-oriented attitudinal perspective of 

farmers towards managing such areas with agroforestry 

practices. 

In the first instance, this dimension identifies that prior to 

the present study, pre-1987, planting trees in and around salt 

affected areas, creeklines and waterways was an emphasis of 
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farmers. In addition, it describes their continuing perspective 

on the need for shrub and tree growing to control salinity and 

water erosion on discharge areas and waterways, as well as to 

produce stock fodder on salt-affected lands. 

The second dimension of the attitudinal-related variables which 

are most associated with agroforestry involvement is labelled 

'uninterested, non-conversant attitudes' (Table 5. 16) . 

Factor Label 

Uninterested, non
conversant attitudes 

Item 

discusses agroforestry 
with few others (1-5) 

sees need for agroforestry 
field days or seminars 

Source: Great Southern Tree Growing Survey, 1989 

Loading 

0.82735 

-0.69667 

This second dimension describes a slightly lesser percentage of 

the variation in farmers' attitudes to agroforestry practices 

and management than the first factor. The two variables in this 

new composite reflect the traditional uncertainty and reserve 

of farmers about new land-use practices such as agroforestry. 

Attitudes such as these, especially if combined with a shortage 

of funds, can constrain farmers. However, during the time of 

this study's surveys in 1988-89 farmers were applying more 

agroforestry practices than ever before. It is likely that a 

favourable climate for most farmers to become involved with 

agrof orestry continued until wool and wheat prices declined in 

1990, forcing many farmers to discontinue using long-term, less 

remunerative land management practices. Hence this second 

dimension describes a percentage of the rural population whose 

attitudes were contrary to the norm at the time of the study, 

but which were likely to have subsequently become more 

prevalent constraining attitudes. 

The third dimension of the respondents' attitudes towards 

agroforestry involvement which was revealed by PCA explains 

almost the same amount of the total variance in the data set as 

the previously reported variables. This dimension identifies 

attitudes which reflect inexperience with farm tree growing, 

and either non-involvement in bush management or non-monetary 

perspectives about it (Table 5.17). 
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Factor Label 

Inexperienced farm tree 
growers either not involved 
in bush management or having 
non-monetary attitudes towards it 

Item 

no experience at all 
with farm tree growing 

bush regeneration and wildlife 
corridors : economically non-applicable 

Source: Great Southern Tree Growing Survey, 1989 

Loading 

0.77138 

0.72206 

While describing attitudes which reflect inexperience with farm 

tree growing, this dimension also portrays either farmer non

invol vement in bush management or the viewing of it in non

monetary terms. This dimension is similar in importance to the 

first for operationalising this study's conceptual model for 

analysis. Bush management as well as tree growing on farmland, 

and shrub and tree growing on discharge areas and waterways are 

specified as agroforestry practices in the model. In addition, 

both were subsequently found by PCA and cluster analysis in 

Chapter Three to be statistically unrelated dimensions of 

agroforestry which differentiated farmer involvement in the 

study area. 

The fourth and last factor in this PCA, when combined with the 

other three dimensions, accounts for nearly sixty per cent of 

the variability in farmer attitudes to involvement in 

agroforestry. This dimension is labelled 'favourable shelter, 

and bush management attitudes' (Table 5.18). This dimension has 

similar importance for this study to the first and third in 

that it operationalises the conceptual model, in this instance 

for attitudes to tree growing on farmed land. Saltland 

reclamation as a reason for tree planting before 1987 is not 

associated with this dimension. Instead it describes favourable 

attitudes towards growing shrubs and trees to provide shelter 

for crop and soil protection, bush regeneration and wildlife 

corridors. Hence these attitudes towards agroforestry 

involvement are a direct contrast to the uninterested, non

conversant attitudes portrayed by the second dimension. 
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(d) 

KEY 

High Grid Mean Score 

+ 1.00 or more 

+o.ot to +0.99 

0.00 to -0.99 

-1.00 or less 

no data available 

Low Grid Mean Score 

# Fimnen I Grid 

0 1020 3040 5060 
# Grida 

Figure 5.3 : Attitudes to agroforestry practices : mean factor scores for 20 km square grids (a) 
favourable discharge area and waterway \degradation control attitudes, (b) uninterested, 
non-conversant attitudes, (c) inexperienced farm tree growers with non-monetary bush 
management attitudes, (d) favourable shelter, aesthetics and bush management attitudes 

Source: Great Southern Tree Growing Survey, 1989 
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Factor Label 

Favourable shelter, 
aesthetics and bush 
management attitudes 

Item 

most important current 
interest : shelter for 
protecting crops and soils 

does not know if bush regeneration 
or aesthetic plantings economic 

main reason for trees <l 987 : 
saltland reclamation 

Source: Great Southern Tree Growing Survey, 1989 

Loading 

0.69337 

-0.62728 

-0.27929 

While this fourth factor explains only 12 per cent of the total 

variability in this data set, it is an important descriptor 

which broadens the range of potential farmer attitudes to 

agroforestry practices and management in the study area. This 

dimension also describes progressive farmers, having had a 

history of tree planting which was not solely aimed at 

reclamation of degraded discharge areas and waterways, 

particularly salt-affected lands. They are conscious of the 

need to reduce the impacts of wind on their crops and soils, 

because this was one of the original activities which 

encouraged their involvement in agroforestry. Likewise, they 

are not constrained by the economics of other long-term 

agroforestry practices, such as bush regeneration or aesthetic 

plantings. These progressive attitudes also encompass seeing 

the need for plantings to reduce salinity and water erosion, 

which, like wind erosion, are severe problems in the study 

area. The fourth factor thus distinguishes progressive, 

innovative attitudes which both complement and differ from the 

three other main attitudes of the respondents towards 

agroforestry involvement. 

Spatial Patterns 

Using the scores produced from the foregoing PCA, four maps 

have been created to identify the presence of possible spatial 

patterns which may be associated with the attitudes of 

respondents towards involvement in agroforestry (Figure 5.3). 

While twenty three grid squares (18 per cent) have four or more 

farms in each, most have fewer. Nearest neighbour analysis 

identified five instances where grid squares with either 

positive or negative mean scores were located in statistically 

significant spatial patterns (Table 5.19). 
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Factor 
No. 

Grid 
Mean 
Score No. of 

Density of 
Farmers per 
square km 

Mean 
Observed 
Distance 
(km)( Ra) Variable Rank* Farmers 

l Favourable discharge A 
area and waterway B 
land degradation C 
control attitudes D 

2 Uninterested, A 
non-conversant B 
attitudes C 

D 

3 Inexperienced farm tree A 
growers either not involved B 
in bush management or C 
having non-monetary D 
attitudes towards it 

4 Favourable shelter, 
aesthetics and bush 
management attitudes 

* Grid Mean Score Rank : 
A +l.00 or more 
B +o.DI to +0.99 
C 0.00 to -0.99 
D -1.00 or less 

A 
B 
c 
D 

82 0.0010 12.339 
55 0.0007 19.981 
95 0.0012 14.072 
52 0.0006 18.330 

83 0.0011 15.860 
53 0.0007 16.903 
67 0.0008 16.097 
81 0.0010 12.417 

42 0.0005 23.440 
3 0.00003 63.862 

239 0.0031 8.132 
0 

63 0.0008 18.490 
74 0.0009 15.229 

113 0.0015 12.587 
34 0.0004 21.580 

**Pattern Type: 
a - more dispersed than random 
b- random 
c - more clustered than random 

Source: Great Southern Tree Growing Survey, 1989 

Expected 
Mean Distance 

in Random 
Distribution 

(km)(Re) 

15.132 
18.477 
14.059 
19.003 

15.041 
18.822 
16.741 
15.225 

21.144 
79.115 

8.863 

17.264 
15.929 
12.890 
23.500 

Nearest 
Neighbour 

Statistic (RY 

0.815 
1.081 
1.000 
0.964 

1.054 
0.898 
0.961 
0.815 

1.108 
0.807 
0.917 

l.071 
0.956 
0.976 
0.918 

(I) R =Ra/Re 

Pattern 
ZR p Type 

Test Value ** 

3.197 0.0007 c 
-1.154 0.1251 b 
-0.016 0.4960 b 
0.488 0.3156 b 

-0.949 0.1736 b 
1.419 0.0793 c 
0.601 0.2743 b 
3.175 0.0008 c 

-1.346 0.0901 a 
0.638 0.2643 b 
2.441 0.0073 c 

-1.078 0.1423 b 
0. 723 0.2358 b 
0.478 0.3192 b 
0.911 0.1814 b 

In the first instance, respondents having favourable attitudes 

towards controlling land degradation on discharge areas and 

waterways are clearly located in the western parts of the study 

area where such problems mostly occur (see Chapter Three, 

Figure 3 . 3). The clustering of respondents with grid mean 

scores of +1.00 or more differed from a random pattern at 

better than the 1 per cent significance level. In the second 

instance, clustering patterns occur for the grid squares with 

mean scores which describe respondents who have somewhat 

uninterested, non-conversant attitudes towards agroforestry 

involvement (p = 0.0793), or are least associated with this 

attitude (p < 0.01). These two mean score ranks appear to be 

clustered in various parts of the study area. 

One other pattern of grid mean scores for the attitudinal 

traits of respondents was found to statistically differ from a 

random distribution. The third dimension's pattern of grid mean 

scores is clustered in various parts of the study area for 

respondents who are the least associated with being 

inexperienced farm tree growers (the great majority) either not 

involved in bush management or having non-monetary attitudes 

towards it (p < 0.01). In contrast, the grids with mean scores 
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most associated with this attitude are spatially distributed in 

a more dispersed than random pattern (p = 0.0901). 

5.3 MANAGEMENT DECISION-MAKING INFLUENCES ON 
AGROFORESTRY INVOLVEMENT 

Having identified in previous sections the impact of 

information, incentives and attitudes on the respondents' 

involvement in agroforestry, this section reports the ANOVA 

results on management dec i sion-making issues. 

5.3A ANOVA Resuits · Management Decision-making Infiuences 

The following three subsections describe these issues in the 

study area 

1 family business decision-making 
2 agroforestry management decision-making 
3 land management decision- making. 

From the three general types of questions about management 

decision-making in the study area, 97 analysis of variance 

(ANOVA) tests were completed to describe their influence upon 

the involvement of farmers in agroforestry . Of these variables , 

twenty variables were significant at the 10 per cent level, 

twelve to at least the 5 per cent level, and four at the 1 per 

cent level . 

5.3A .l Family Business Decision-making 

Five sets of variables were tested to identify the impact of 

family business decision-making on involvement in agroforestry 

(Table 5.20). With regard to the first group of variables about 

family business decision mak i ng issues, the survey farmers were 

differentiated according to their involvement in agroforestry 

in relation to two of the five sets of variables which were 

tested. These describe : 

• years f a rm property in the family 
• locations for growing shrubs and trees. 

The literature review would have suggested that legal status 

and property ownership patterns might influence involvement in 

agroforestry, but no such relationships were found. 
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'Bush Grazers/ 'Bush Fencers/ 'Planters/ 
Planters' Planters' Bush Fencers' 
(Cluster (Cluster (Cluster Signir 

Variable No. One) Two) Three) F Prob -kant 
Description Responses Mean Mean Mean Value >F (0.10) 

What legal status? 
partnenhip 648 0.82 0.80 0.80 0.23 0.791 
other 648 0.10 0.11 0.08 OA6 0.626 
How meny yeers property in femilyT 
<IO yrs. 641 0.15 0.21 0.15 1.82 0.162 
11-20 yrs. 641 0.22 0.20 0.12 3.31 0.036 
21-30 yrs. 641 0.24 0.28 0.27 0.54 0.578 
31-40 yrs. 641 0.14 0.08 0.12 i.n 0.170 
> 40 yn .(compmite) 641 0.28 0.22 0.33 3.09 0.045 
< 20 yra.(compoaite) 641 0.37 0.42 0.28 4.26 0.014 
< 30 yr1.(compoaite) 641 0.61 0.70 0.56 4.85 0.008 
< 40 yr1.(compoaite) 6H 0.76 0.79 0.68 3.46 0.o31 
Do you heve property et locetions 590 0.21 0.20 0.25 0.80 0.44-9 
other then your mein income eernins property? 

Locations you plented ahrubc, trees? 
main income property 628 0..79 0.85 0.87 2.50 0.082 
none 628 0.18 0.12 0.09 3.84 0.021 
Locations planted by pre•ious ownersT 
main mcome earning property 548 0.20 0.21 0.23 0.22 0.801 
none 548 0.75 o.n 0.73 0.33 0.719 
other 548 0.03 0.00 0.02 2.13 0.119 

Source: Great Southern Tree Growing Survey, 1989 

Years Farm Property in the Family, and Locations for Shrub and Tree Growing 

The first statistically significant set of variables identified 

that at the 5 per cent level the bush grazers/planters (cluster 

1) and the bush fencers/planters (cluster 2) were associated 

with farms in operation for less than twenty years, while the 

planters/bush fencers (cluster 3) had properties held by the 

family for more than forty years. Hence the respondents who 

were most involved in the shrub and tree growing aspects of 

agroforestry had the oldest properties in the study area. 

These results have contrasted with previous research which 

found no association between the duration of farm business 

operation and the adoption of agricultural innovations (Rogers, 

1983) . These findings also were contrary to the results of 

research in Queensland which identified that the owners of 

younger farms were likely to have planted the fodder tree, 

Leucaena (Lesleighter and Shelton, 1986) . These results were, 

however, reasonably comparable to the findings of a South 

Australian study (Craig et al. 1983) which reported that 

farmers from the older, longer settled districts were more 

willing than other farmers to participate in Heritage 

Agreements for native flora and fauna conservation. 

In the second instance of correlations between family business 

decisions and involvement in agroforestry, the bush 

grazers/planters were found to have been associated at the 5 

per cent level with having been less involved in planting on 
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either their main income earning property or any other 

properties. In contrast, both the bush fencers/planters and the 

planters/bush fencers were associated with having planted on 

their main income earning property (p = 0.082). Comparable 

studies in Australia and other industrialised countries have 

not evaluated the extent to which decisions about the location 

of agroforestry activities on properties owned by family 

businesses influenced their involvement with these land-use 

practices. 

No association was identified between involvement in 

agroforestry and the tenure status of respondents. Eighty per 

cent of respondents reported that they operated their 

businesses as partnerships. Similar results which are relevant 

to the study area have been reported in the Western Australian 

wheatbelt where a predominance of partnerships was found and no 

relationship identified between legal status and soil 

conservation behaviour (Fry and Goss, 1985). 

Involvement in agroforestry was also not found to have been 

associated with the respondents' having owned or managed 

properties at locations other than their main income earning 

property. Only 20 per cent of respondents reported having 

control of other properties. These results were consistent with 

the wheatbelt study of Fry and Goss (1985) who had found no 

association between multiple property control and progressive 

behaviour with soil conservation practices such as shrub and 

tree growing. 

While involvement in agroforestry was found to have been 

related to the location of shrub and tree growing by 

respondents, the presence of plantings by previous owners on 

their main income earning property had no such effect. Over 80 

per cent of respondents either did not respond to this survey 

question or stated that no trees had been planted by previous 

owners of their properties. 

5.3A.2 Agroforestry Decision-making 

Having discussed family business decision-making, five sets of 

variables were used to describe the relationship between 

involvement in agroforestry and the respondents' management 
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decisions about specific aspects of their implementing shrub, 

tree growing or bush management practices. These are reported 

in Table 5. 21. 

Differences were identified in the decisions of farmers in the 

study area about agrof orestry management decision-making in 

relation to the following two subjects 

• budgeting for agrof orestry 
• specific types of agrof orestry practices integrated into 

present farming programme. 

Although similar research which is comparable to the present 

study about agrof orestry management decision-making was not 

identified by the literature review, three additional sets of 

variables were tested. These were found to be unassociated with 

agroforestry involvement in the study area. 

Budgeting foc Agroforestry 

The first agroforestry management decision-making variable 

differentiated the survey farmers at the 1 per cent level in 

relation to the planters/bush fencers (cluster 3) having been 

most associated with including agroforestry-related expenses in 

their farm budgets. No comparable studies have attempted to 

identify if there were differences among groups of farmers in 

relation to their budgeting for agroforestry. It is apparent 

that in previous Australian research some degree of financial 

budgeting by farmers using agroforestry practices was just 

assumed to have occurred (Reid and Wilson, 1985; Cary et al. 

1 9 8 6; Reid, l 9 8 6) . 

Specific Types of Agroforestry Practices Integrated into Present Farming Progranune 

Involvement in agroforestry was, however, found to have been 

associated with the shrub, tree growing or bush management 

practices which most closely approximated the respondents' farm 

management programmes. As with budgeting, no comparable studies 

have been identified which evaluated if there were differences 

between farmers in relation to the types of agroforestry 

management decisions they had made on their properties. 
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No. Variable 
Description Responses 

Have you ever included in your budget the 638 
t'XJ>*nlll!s for bush management or farm tree growing? 

Sour~e of funds for tree growing? 
own 426 
ovudraft 426 
nmningcoata 426 
unclear 426 
out.aide fuxxls 426 
loan am cash 426 
savings and cash (C()(Ilpoaite) 426 
nmning costa/1oan & caab/laving1 & cub (comp.} 426 
own. or oulllde funda (cooiposite} 426 
Risky : tree growing on arable land? 
y~ 446 
do not know 446 
no 446 
do not .know, ar no(composite) 446 
Practices inttgl'alHI into preent farming programme? 
I. native plantationa • timba, J>O'ls 4'J7 
2. pine plant. - timber, posts 437 
3. exotic plllllt. - timba, J>O'U (blue gums) 4'J7 
4. windbreaks - stock 437 
5. windbreaks • cropa, soil 437 
6. sheltcrbdu - shade, abcltu 437 
7. shrubs, trcca (st}· saltlam to redire salinity 4'J7 
8. st on catcbmenl/ recharge vs. aalt 4'J7 
9. aaltbwh cle • a tock foddu 437 
I 0. tagaaute etc - stock foddu 437 
11. wide-spaced trcea in pa.aturc, cropland 437 
12. ahrube, trcca (st}- property value 437 
13. st· property beauty 437 
14. cniameatal at - sbade, abclta etc 4'J7 
15. at (slnuba, IRea} - watcrloggjng conlJ'ol 437 
16. st - water erosion control 437 
17.st-wildlifecorriclara 437 
18. at • buab l'CgCDl:TatiOO 437 
ace I, 2, 3 (compoaitc) 437 
ace 4, 5, 6 (compoaitc) 437 
acc 7, 8 (ccmpoaitc) 437 
acc 9, I 0 I composite) 437 
ace 11, 19'", 20•, 21 •, 22, 2S, 26 (ccmpositc) 437 
acc 12, 13, 14 (comp<11itc) *19= 1,2,3 above 437 
ace IS, 16 (ccmpoaitc) '"20 •4.S,6above 437 
ice 17, 18 (ccmpoailc) *21=7,8 above 437 
acc 12, 18 (compoaitc) 437 
How much time do you Htimate is apent on tree growing 
or regeneratins bu1hlands on your property? 
not mu::h. e.g. 1-10 days/year 310 
not enough. e.g. 11-28 days/ year 310 
rcuooable, e.g.> 28 daya/ rue 310 
do not know 310 
none 310 
> II day1/ year (canpoaitc) 310 
< lOdaya/yc:ar(ccmposite) 310 

'Bush Grazers/ 
Planters' 
(Cluster 

One) 
Mean 

O.'J7 

0.17 
a.as 
0.70 
0.08 
0.03 
0.00 
0.00 
0.72 
0.21 

0.48 
0.18 
0.32 
0.51 

0.09 
o.os 
a.as 
0.82 
0.70 
0.73 
0.49 
0.27 
0.17 
0.22 
OJI 
0.32 
a.so 
O.S3 
0.24 
0.23 
0.17 
0.13 
O.IS 
0.86 
055 
0.30 
0.9 
0.67 
0.32 
0.25 
0.40 

0.56 
0.32 
0.13 
0.01 
0.01 
OM 
0.57 

'Bush Fencers/ 
Planters' 
(Cluster 

Two) 
Mean 

OA8 

0.20 
a.en 
0.63 
0.10 
O.Q2 
0.03 
0.00 
0.68 
0.23 

0.48 
0.22 
0.29 
0.51 

0.10 
0.04 
0.03 
0.80 
0.7S 
0.69 
0.46 
0.20 
0.14 
0.16 
0.04 
0.20 
0.48 
0.54 
0.24 
0.19 
0.17 
0.14 
0.16 
0.92 
0.51 
0.26 
0.90 
0.66 
0.29 
0.24 
0.28 

0.60 
0.34 
0.13 
0.00 
0.01 
0.40 
0.60 

Source: Great Southern Tree Growing Survey, 1989 

'Planters/· 
Bush Fencers' 

(Cluster 
Three) 
Mean 

0.59 

0.16 
0.04 
0.73 
0.06 
0.02 
0.02 
0.00 
o:n 
0.18 

0.51 
0.22 
0.26 
0.48 

0.16 
0.12 
0.10 
0.8S 
0.73 
O.Tl 
0.53 
0.26 
0.23 
0.24 
0.08 
0.37 
a.so 
0.53 
0.31 
0.32 
0.18 
0.27 
o:n 
0.94 
057 
0.36 
1.0 
0.68 
0.42 
0.31 
0.51 

0.62 
0.35 
0.10 
0.00 
0.01 
0.38 
0.62 

F 
Value 

9.98 

0.55 
0.89 
1.76 
0.54 
0.41 
152 
0.57 
1.45 
0.61 

0.14 
0.26 
0.51 
0.14 

1.73 
3.47 
3.Z7 
0.62 
0.62 
1.10 
0.87 
1.31 
1.94 
1.61 
1.98 
5.31 
0.08 
0.00 
1.16 
3.8S 
0.03 
6.23 
4.24 
2.89 
0.48 
1.64 
2.17 
0.08 
2.95 
1.07 
8.91 

0.37 
0.11 
0.40 
0.56 
0.10 
0.39 
0.2S 

Prob 
>F 

0.000 

0.572 
0.408 
0.172 
0.583 
0.663 
0.219 
0.565 
0.234 
0.540 

0.864 
0.711 
0.599 
0.864 

0.178 
0.031 
0.038 
0.538 
O.S36 
0.330 
0.417 
0.170 
0.143 
0.200 
0.138 
o.oos 
0.918 
0.994 
0.313 
0.021 
0.962 
0.002 
0.014 
0.056 
0.616 
0.194 
0.115 
0.920 
O.OS3 
0..343 
0.000 

0.686 
0.888 
0.668 
0.568 
0.90S 
0.671 
0.775 

Sign if 
-kant 
(0.10) 

Without exception, the planters/bush fencers (cluster 3) were 

found to have been involved with more agroforestry practices 

than any of the other respondents . They were associated at the 

5 per cent level with having reported that several of the 

eighteen possible types of agroforestry practices listed in the 

survey questionnaire were close to their programme. These 

practices included plantations of both native and exotic 

species for timber, posts and other products, as well as bush 

regeneration and plantings of shrubs and trees for water 

erosion control. These same farmers were also found to have 

been associated at the 1 per cent level with the bush 

grazers/planters for having planted shrubs and trees to 

increase their property values. Likewise the planters/bush 

fencers were associated with the bush fencers/planters (cluster 

2) in relation to having windbreaks and shelterbelts on their 
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properties (p = 0 . 056). Hence the planters/bush fencers were 

clearly differentiated from the other farmers for not only the 

diversity of shrub and tree growing activities which they had 

undertaken, but also for their involvement in bush management. 

In addition to these new findings about differences between 

farmers in their agroforestry management decision-making, other 

aspects of this subject had no such influence in the study 

area. In only a few instances were similar studies identified 

that provided useful comparative findings. 

Involvement in agroforestry was found not to have been 

associated with the respondents' source(s) of funds for such 

purposes. Fifty-six per cent of respondents reported that they 

depended upon savings, operating surpluses or running costs for 

money to implement agroforestry practices. Similarly, the 

extent to which respondents thought that agrof orestry on arable 

land was risky was also not found to have been associated with 

their involvement. Thirty four per cent of respondents reported 

that agroforestry was risky, while the remainder either did not 

think agroforestry was risky (20 per cent) or did not respond 

(46 per cent). These findings have not confirmed previous 

research in this country which found that the farmers most 

involved in agroforestry were not concerned about the risks 

associated with using these land management practices (Cary et 

al. 1986; Reid 1986). 

The last set of agroforestry management decision-making 

variables in Table 5.21 found no association between 

involvement in agroforestry and the amount of time spent by 

respondents on tree growing, irrespective of farm size. With 

over 50 per cent of respondents not having responded, about 7 

per cent reported either not knowing how much time they spent 

on tree growing or having spent less than ten days per year on 

it. Only 0.6 per cent stated that they had not spent enough 

time on tree growing. While there has been no other comparable 

research in Western Australia which was relevant to the study 

area, these findings were similar to the results of surveys in 

eastern Australia and New Zealand. In the first instance, the 

Farm Woodlot Loan Scheme in New South Wales had been in 

operation only about five years before it was found to have 
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become unpopular due to the amount of unexpected management 

time required (Hawkes, 1977}. Similar research findings in New 

Zealand reported that the extra time and work involved in 

owning farm woodlots was a major deterrent to their ownership 

(Smaller and Meister, 1983; Morey, 1988). However, a 

substantially different study in Victoria about conservation 

farming found no significant relationship between the amount of 

time that had been spent by farmers to develop mechanical 

skills and their adoption of stubble retention (Cary et al. 

1989) . 

5.3A.3 land Management Decision-making 

In this third and final subsection about management decision

making, the relationship between involvement in agroforestry 

and the respondents' decisions about general land management 

practices has been reported in Table 5.22. 

Two sets of land management decision-making variables were 

found to significantly influence agroforestry involvement in 

the study area : 

• use of tillage practices to control soil blow 
• use of other practices to control soil blow. 

While the literature review would have suggested other 

variables which might have influenced farmer involvement in 

agroforestry, this was not found to be the case. 

Till.age and Other Practices Used to Control Soil Blow 

Involvement in agroforestry was found to have been associated 

with the respondents' use of conservation tillage practices. 

Nearly seventy per cent of respondents reported having used 

minimum tillage, direct drilling or reduced tillage. Thirty

four per cent of these respondents indicated that they use 

reduced tillage, with the planters/bush fencers most associated 

with use of this practice (p = 0.054). These results were 

similar to research in Victoria which found that farmers who 

used minimum tillage had a positive orientation to tree 

planting (Cary et al. 1986). In addition, progressive soil 

conservation attitudes and reduced incidence of land 
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'Bush Grazers/ 'Bush Fencers/ 'Planters/ 
Planters' Planters' Bush Fencers' 
(Cluster (Cluster (Cluster Signif 

Variable No. One) Two) Three) F Prob -icant 
Description Responses Mean Mean Mean Value >F (0.10) 

Other thwi lirebrHlks.. whet menegement 
methods do you U81.' to reduce lire hezard17 
gcoenil management 441 0.54 0.62 0.56 1.16 0.312 
pllllltcd area managemc.nt 440 0.12 0.08 0.12 0.57 0.561 
no change 440 0.06 0.07 0.08 0.23 0.791 
equipment, planning 440 0.16 0.16 0.11 0.76 o.~66 
bush managc.11JC.nt 440 0.23 0.14 0.18 1.91 0.148 
!lpeciea aelcctico, strategic plant.in~ 440 0.06 0.03 0.05 1.03 0.35~ 

Do you use minimum tillage, direct 634 0.67 0.72 0.66 0.80 0."48 
drilling Of' reduced tillage to control soil blow? 

Ir you Ulll! minimum tillage, direct drilling 
or reduced tillage, which ones? 
minimum tillage uaed 431 0.46 0.44 0.43 0.08 0.918 
direct drilling Wied 431 0.22 0.28 0.29 1.12 0.326 
reduced tillage Wied 431 0.46 O.Sl 0.61 2.93 0.054 
couvcnt.ional tillage med 431 0,02 0.00 0.00 l.31 0.268 
Do you apply any other farming 524 0.68 0.75 0.66 2.08 0.125 
practi.ces to control soil blowing? 

Ple811e list the other practices 
you use to control soil blowing: 
crop or paature management 364 0.76 0.56 0.67 6.25 0.002 
traditional tillage 364 0.26 0.39 0.33 2.64 0.072 
General policy : grezing preuure, 
1upplementel reeding? 
graze to the I imit 511 0.30 0.25 0.28 0.53 0.585 
leave some paature 511 0.51 0.58 0.55 0.87 OA17 
leave plenty of pasture 511 0.12 0.11 0.a7 1.48 0.226 
Difrerent grazing strategy when 428 0.26 0.29 0.37 2.45 0.086 
prices are good ror animal prodocts'l' 

If your grazing strategies are different when prices 
are !i!ood for animal products, whet strategiu'l' 
a. bold, « buy in stock 285 0.22 0.22 0.22 0.00 0.997 
b. increaae capacity 285 0.33 0.23 0.35 1.76 0.172 
c. comttained 285 0.48 0.48 0.42 0.35 0.700 
d. m«e fc:til uc: Ule, upgrade past. 285 0.72 0.79 0.81 1.25 0.288 
o. DO changes 285 0.04 0.06 0.10 l.23 0.292 
f. increaaed (see above: a, b, d) (ccmposite) 285 0.90 0.91 0.95 J.20 0.302 
g.coostrained (sec above: c, e) (composite) 285 0.49 0.53 0.50 0.15 0.855 

Source: Great Southern Tree Growing Survey, 1989 

degradation in the central wheatbelt of Western Australia, as 

well as in parts of the study area, were found to have been 

associated with the use of direct drilling, minimum tillage and 

reduced tillage farming practices (Fry and Goss, 1985; Gwynn et 

al. 1987). 

Involvement in agroforestry was also found to have been 

associated with the respondents' decisions about their use of 

other farming practices to reduce soil blowing. The bush 

grazers/planters and the planters/bush fencers reported their 

having used either crop or pasture management strategies for 

reducing wind erosion problems (p = 0.002). In contrast, the 

bush fencers/planters were associated at the 10 per cent level 

with use of various traditional tillage strategies for reducing 

wind blow, such as cultivating to increase surface roughness 

after clover harvesting, blade blowing and using a culti-trash 

disk seeder. No research relevant to the present study has 

correlated the involvement of farmers in agroforestry with 

their use of any of these land management strategies to reduce 

wind erosion. 
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Finally, the planters/bush fencers were found to have been 

associated with changing their land management strategies when 

prices were good for animal products (p = 0.086). This 

flexibility may have considerable impact on decisions about 

agrof orestry in the study area in a similar way to Queensland 

where progressive land management decision-making influenced 

agroforestry involvement. Farmers who had already adopted 

improved pasture production practices were found to have been 

likely to plant the fodder tree, Leucaena (Lesleighter and 

Shelton, 1986) . 

In the first instance, there was no association between the 

three cluster groups of farmers, as defined in this study, and 

their use of management methods other than firebreaks to reduce 

fire hazards. No previous research about the extent of farmers' 

understanding about the role of agrof orestry in fire control 

has been identified. Even though it was not possible to compare 

these results with others, over 65 per cent of respondents 

indicated that they were following procedures which had been 

recommended by bush fire control authorities. The bush 

management practices which these farmers reported using were 

common ones recommended by the Bush Fires Board of Western 

Australia (Bush Fires Board of Western Australia, 1987) . Only 4 

per cent of respondents reported having used management methods 

such as species selection and strategic planting, which were 

less widely known agrof orestry-related practices at that time 

(Cheney, 1985; Webster, 1989). 

No differentiation of the respondents was identified in 

relation to their general policies towards grazing pressure and 

supplemental feeding in the dry season. Twenty-five per cent of 

respondents indicated that they grazed to the limit and 

supplement fed their stock, while 43 per cent reported leaving 

some pasture and seldom needed to supplement feed. Only 8 per 

cent of farmers stated that they left plenty of pasture for 

their livestock. A corollary to this, the effects of livestock 

grazing policies on the potential for soil blowing, has been 

evaluated in one of the areas most prone to wind erosion in the 

study area (Gwynn et al. 1987). Reduced reliance on hand 

feeding was correlated with a minimum of wind erosion problems 

on properties in the shires of Ravensthorpe, Jerramungup, 
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Plantagenet and Albany. This same research also identified that 

wind eroded paddocks were most likely located on the properties 

Of farmers with light, sandy soils which were overgrazed and 

had no shelter. 

In relation to the last set of variables in Table 5.22 which 

did not influence agroforestry involvement, no association was 

found with any of the land management strategies that the 

respondents reported adopting when prices were good for animal 

products. The strategies respondents reported having applied 

during these 'good times' were progressive land management 

ones, such as increasing their fertiliser use, particularly 

phosphorus , and upgrading their pastures with clovers, medics 

and other species. These land management decisions were 

consistent with reports by DAWA which had identified the 

benefits of increased fertiliser use and the selection of 

appropriate pasture species (Curtis, 1988; Falconer et al. 

1988; Gillespie and Nicholas, 1991). 

5.3B PCA Results : Dominant Management Decision-making Factors 
Influencing Agroforestry Involvement 

Using ANOVA in the previous sections, ninety management 

decision-making variables were tested. Of these, 21 were found 

to differentiate involvement in agroforestry to at least the 90 

per cent confidence level. After removing the low frequency and 

conceptually similar variables, six variables were subjected to 

PCA. Three factors were defined which compress the number of 

related variables in the original data set and provide 

condensed descriptions of the respondents' management decision

rnaking (Table 5.23). They explain nearly 62 per cent of the 

total variance in the data. 
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Source: 

Variable Ducrlplion 

Water control odcrucd 
agoforostry pcacticea 

Bum rcgencntion oriCDtcd 
agoforcatry iracticea 

Property value impcovcment 
oriented agoforcatry praclicea 

Budgeting for btmh management, 
and fann tree growing 

M~t shrub mcl tree growing Oil 

main irx:omc earning p:'opcrty 

Main llx:omc earning p:'operty 
>40ycan old 

Variance explained by each factor: 

Total variatx:e explained ; 61.86% 

EigeDvaluea 

Rotaled Factor Pattern 

Number of Obscrv atiom : 411 

Factor Loadings 

FACTOR! 

0.74473 

0.07577 

0.61007 

0.03392 

-0.08188 

0.15395 

25.90% 

1.5539 

Great Southern Tree Growing Survey, 1989 

FACTOR2 FACTOR3 

-0.00096 0.11713 

0.09528 0.05798 

0 .09477 -0.50722 

0.77447 0.06175 

-0.76491 0.04878 

0.04398 0.90048 

18.52% 17.44% 

l.1111 1.0463 

The first factor accounts for 25 per cent of the total variance 

in the data set on management decision-making. This dimension 

is labelled 'mixed erosion control, bush management, and 

property value improvement oriented decision-making' (Table 

5.24). 

Factor Label 

Mixed erosion control, bush 
management. and property 
value improvement oriented 
decision-male ing 

Item 

water control oriented 
agroforestry practices 

bush regeneration oriented 
agroforestry practices 

property value improvement 
oriented practices 

Source: Great Southern Tree Growing Survey, 1989 

Loading 

0.74473 

0.67577 

0.61007 

This first dimension identifies a broadly conceived management 

decision-making strategy which includes use of agroforestry 

practices for controlling erosion and regenerating bushlands, 

as well as for property value improvement. Both short and long 

term management decisions, with varying degrees of potential 

remunerative return, are represented. Immediate problem 

resolution decision-making for controlling water erosion 

contrasts with decisions about involvement with longer term 
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bush regeneration and property value improvement strategies. 

While involvement with any of these three agroforestry 

practices provides mostly long-term income earning 

opportunities, the management decisions associated with the 

first two practices are clearly less financially oriented than 

for the third. As with several of the farmers' attitudes, this 

first factor operationalises this study's conceptual model in 

relation to the management decisions influencing farmer 

involvement in agroforestry. Likewise, so does the second. 

The second factor produced by PCA identifies management 

decision-making which is financially driven (Table 5.25). 

Factor Label 

Budgeting for bush 
management, and shrub 
and tree growing on 
all properties 

Item 

budgets for bush management, 
and farm tree growing 

most shrub and tree growing on 
main income earning property 

Source: Great Southern Tree Growing Survey, 1989 

Loading 

0.77447 

-0.76491 

This dimension describes farmers and farm families whose 

management programmes incorporate budgeting for bush management 

and farm tree growing. This approach to management decision

making is applied on all their properties, whether this is the 

main income earning property, or other owned or leased lands. 

This dimension contrasts with the first by identifying a 

financially based management decision-making style, rather than 

one which primarily addresses land degradation control and bush 

management. 

The third and final composite management decision-making 

variable produced by PCA describes an entirely different aspect 

of this data set. This dimension is labelled 'older farms 

without current property value improvement plantings' (Table 

5. 2 6) . 

While only accounting for seventeen per cent of the total 

variance in the data set, this third factor reveals an 

important contrast with the other two factors by 
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Factor Label 

Older farms without current 
property value improvement 
plantings 

Item 

main income earning 
property is over forty 
years old 

property value improvement 
oriented agroforestry practices 

Source: Great Southern Tree Growing Survey, 1989 

Loading 

0.90048 

-0.50722 

conceptualising current non-agroforestry involvement oriented 

decision-making. These recent decisions have been made on older 

farms held by families in the study area for more than forty 

years. 

Spatial Patterns 

Three factor maps have been produced from the grid mean scores 

attributed to respondents according to the level of their 

association with these new composite management decision-mak'n 

variables (Figure 5.4). In comparison with the other PCA maps, 

a higher percentage of grids (70 per cent) have more than one 

farm in each depicting the dimensions of management decision

making. Using nearest neighbour analysis, clustering patterns 

were identified which characterise the locations of grids with 

respondents who are associated to varying degrees with all 

three management decision-making dimensions (Table 5.27). 

Factor 
No. 

Variable 

Mixed erosion control, 
property value 
improvement and bush 
management practices 

2 Budgeting for bush 
management. and 
shrub and tree growing 
on all properties 

3 Older farms without 
property value 
improvement plantings 

•Grid Mean Score Rank: 
A + l.00 or more 
B +0.01 to +0.99 
C 0.00 to -0.99 
D - I.00 or less 

Grid 
Mean 
Score No. of 

Rank* Farmers 

A 67 
B 90 
c 227 
D 0 

A 0 
B 223 
c 137 
D 24 

A 85 
B 35 
c 198 
D 66 

Density of 
Farmers per 
square km 

0.0008 
0.0011 
0.0030 

0.0029 
0.0018 
0.0003 

0.0011 
0.0004 
0.0026 
0.0008 

*"' Pattern Type : 

Mean 
Observed 
Di.stance 
(km) (Ra) 

15.270 
12.021 
8.663 

8.690 
10.801 
28.047 

10.519 
23.158 

9.672 
16.201 

a - more dispersed than random 
b- random 
c - more clustered than random 

Source; Great Southern Tree Growing Survey, 1989 
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Expected 
Mean Distance 

in Random 
Distribution 

(km) (Re) 

16.741 
14.444 
9.095 

9.176 
I l.707 
27.971 

14.863 
23.162 

9.738 
16.867 

Nearest 
Neighbour 

Statistic ( R)l 

0.912 
0.832 
0.952 

0.947 
0.922 

ZR 
Test 

1.378 
3.044 
I.367 

1.512 
l.732 

l.002 -0.025 

0.707 5.154 
0.999 0.002 
0.993 0.181 
0.960 0.613 

(I) R =Ra/Re 

Patttmc 
p TYJJd 

Value •• 
0.0853 c 
0.0012 c 
0.0869 c 

0.0655 c 
0.0418 c 
0.4920 b 

0.0002 c 
0.4920 b 
0.4286 b 
0.2709 b 



(c) 

KEY 
High Grid Mean Score 

+LOO or more 

+o.ot to +o.99 

0.00 to -0.99 

-1.00 orless 

no data available 

Low Grid Mean Score 

# Famien I Grid ,;:1-· 
:= 0 ]() 20 30 40 :;q 

#Grida 

Figure 5 . .4 : Management decision-making: mean factor scores for 20 kilometre square grids(a) mixed 
erosion control, property value improvement and bush management practices, (b) budgeting 
for bush management, and shrub and tree growing on all properties, (c) older farms without 
current property value improvement plantings 

Source : Great S outhem Tree Growing Survey, 19 89 

269 



In three instances, the spatial clustering of the mean factor 

scores in the grids depicting farmers who are associated with 

the first dimension were found to differ from a random expected 

pattern (p < 0.10). While clustered, the location of those 

patterns is not as evident as it is for grids depicting the 

mean score ranks for respondents who are somewhat associated 

with the second dimension. These grid squares are mostly 

located in the western, southwestern and southeastern parts of 

the study area. The next lower grid mean score rank for this 

dimension was not, however, clustered in as clearly a 

discernible pattern. With regard to the third dimension, the 

location of spatial clustering is reasonably clear. The highly 

positive grid mean score ranks are clustered in the western and 

~orthwestern parts of the study area, which is where most of 

the oldest properties are located. 

5.4 CHAPTER SUMMARY 
The following three sections summarise the impact of 

information, incentives, attitudes and management decision

making on the agroforestry involvement of farmers and farm 

families in the study area. As in the previous chapter, the 

results of the individual ANOVA tests are first reported in 

relation to the three cluster groups defining involvement in 

agroforestry. This is followed by summaries of the PCA results 

defining the dominant sets of factors influencing agroforestry 

involvement. 

5.4.1 Technical Information and Financial Incentives for 
Agroxorestry 

The preceding results of the individual ANOVA tests on a 

variable basis have been summarised in the following section in 

relation to the three cluster groups which define the 

respondents' involvement in agroforestry. The bush 

grazers/planters (cluster 1) were differentiated from the othe~ 

farmers in relation to four variables which described their 

views about technical information and financial incentives for 

agroforestry. In the first instance, these farmers were 

associated with either not using any written technical 

information about agroforestry, or their using non-technical 

types of written information on this subject. These farmers 

also indicated that they used videos, books, and magazines as 

sources of information about agroforestry. In addition, the 
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bush grazers/planters reported their need for bush fencing 

incentives, as did the planters/bush fencers (cluster 3). 

Finally, these farmers were found to have been associated with 

the bush fencers/planters (cluster 2) in having needed 

technical assistance with weed or pest control on their 

properties. 

The bush fencers/planters (cluster 2) tended to have poor 

knowledge of the potential benefits of windbreaks for their 

crops, stock and soil, even though they were associated with 

the planters/bush fencers (cluster 3) in their use of semi

technical, professional written information sources. In 

addition, the bush fencers/planters and planters/bush fencers 

also reported that their main sources of information on farm 

tree growing were non-farming friends and CALM . Likewise, these 

farmers reported that they knew others successfully growing 

t rees for drought fodder. This was possibly a reflection of 

t heir having fenced off more bush from their livestock than 

ot her farmers so they needed to learn about growing stock 

f odder on farmed land, and on discharge areas and waterways. 

Along with the bush grazers, they also needed technical 

assistance with weed and pest control. 

The planters/bush fencer s (cluster 3) we re characterised by 

their more sophisticated approach to agroforestry information 

collection than the other survey farmers. Their use of semi

technical information sources, as well as non-farm friends, 

CALM, and books, videos, and the rural press clearly 

distinguished them from other farmers, especially the bush 

grazers/planters. The planters/bush fencers also reported that 

financial incentives were needed to fence bush from their 

livestock, and they know others who had successfully used trees 

for bush revegetation. These farmers thus contrasted with the 

bush fencers/planters by having needed incentives for 

protecting their bush from livestock, even though they knew 

people who were actively involved with this type of 

agroforestry activity. 

In summary, involvement in agroforestry was not found to have 

been affected by the respondents' knowledge about agroforestry 

in general, or particular practices for fire and wind control. 



While most of the farmers knew what agroforestry involved, only 

half thought that information pertaining to it was readily 

available. In a similar way, 70 per cent of respondents in the 

study area reported that they were unaware of taxation 

deductions associated with tree growing . These findings have 

confirmed research in other parts of this country which 

identified the need to provide more information about 

agroforestry practices to farmers, as well as financial 

incentives to encourage tree growing . This need for incentives 

has been verified by the respondents' negative opinions about 

the economic advantages of the schemes available to them. It 

was also apparent that fencing incentives for bushlands as well 

as paddock plantings were required. Only the bush 

fencers/planters were not associated with having wanted 

financial incentives for bush fencing. These results have also 

provided additional confirmation of this study's original 

classification of the 655 farmers who responded to the survey . 

They were classified, using factor and then cluster analysis, 

according to their involvement in agroforestry, whereby the 

bush fencers/planters were found to have fenced high 

percentages of bushland on their properties. 

The respondents have therefore clearly varied in their views 

about information and financial incentives for agroforestry . 

The bush grazers/planters were substantially less involved with 

seeking information, but they needed incentives, like the 

planters/bush fencers, for bush fencing. While the latter were 

more aggressive, they were quite similar to the bush 

fencers/planters in their use of technical information about 

agroforestry from different sources. However, the planters/bush 

fencers were clearly distinguished from all other farmers by 

their having reported not needing technical information about 

weed and pest control, and their knowledge of people who had 

successfully revegetated bush . However, similar knowledge about 

other people in the study area who were successfully involved 

with using shrub and tree growing practices for land 

degradation control, providing shade and shelter or increasing 

farm incomes was not found to have been associated with 

involvement in agroforestry. Hence it may be that agroforestry 

practices such as these can be considered similar to another 



soil conservation practice, minimum tillage, which was also not 

necessarily adopted, even though farmers were aware of others 

having successfully used it. 

The Main Factors Associated with Technical Information and Financial Incentives Influencing Involvement in 
Agro forestry 

Nearly 58 per cent of the total variance in the data set about 

awareness of information and incentives for agroforestry has 

been explained by compressing the six variables which were 

tested into three principal components. The three composite 

variables produced from this subsection's first PCA describe 

the main technical information and financial incentives-related 

factors influencing farmer involvement in agroforestry. 

The first two dimensions identify a polarity between the types 

and sources of technical information for agroforestry. Use of 

written, professional information from CALM contrasts with the 

second dimension's descriptor of farmers who use information 

about agroforestry which requires limited searching or 

understanding. The third factor broadens this study's treatment 

of information sources and use to encompass the dimension of 

farmer awareness about the relevance of financial incentives 

and theory for applying agrof orestry practices on, 

respectively, bushland and farmland. Spatial influences 

associated with these three dimensions take the form of some 

negative score grids. The second dimension is significantly 

more dispersed than random, while the first and third 

dimensions exhibit more clustered than random patterns. 

5.4.2 Attitudes to Agroforestry Practices and Management 

In this section, the results of the individual ANOVA tests on a 

variable basis have been summarised in relation to the three 

cluster groups defining involvement in agroforestry. This 

information has provided further clarification on a cluster by 

cluster basis of the differences between the attitudes of 

respondents and their impact on involvement with agroforestry 

practices and management. 

In the first instance, the bush grazers/planters (cluster 1) 

were differentiated from the other two groups of farmers at the 

1 per cent level with having made a conscious decision to graze 

their bush. They were the least associated of all respondents 
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with having made a conscious effort to plant trees, grow forage 

shrubs and regenerate bushlands. The bush grazers/planters also 

had no experience at all with growing farm trees, and they had 

talked with the fewest number of other farmers about tree 

growing. 

Despite this, these farmers were originally encouraged to get 

involved in agroforestry by the prospects of growing wide

spaced trees in pastures and croplands, as well as plantings 

for waterlogging control and stock fodder on either dryland or 

saltland sites. Their main reason for growing shrubs before 

1987 was to reclaim saltland, and at the time of the survey 

they thought that growing wide-spaced trees and plantings of 

both shrubs and trees on saltland to control salinity were tha 

most important practices on their properties. Nonetheless, 

these farmers thought that agroforestry was risky because their 

property was unsuitable for growing trees. Hence the bush 

grazers/planters did not know if beautification plantings were 

uneconomic, and viewed bush regeneration and wildlife corridors 

as economically non-applicable practices. 

The bush fencers/planters (cluster 2) were characterised by 

their overall interest in agroforestry having been originally 

encouraged by the prospect of growing trees or regenerating 

bushlands as windbreaks or shelterbelts. These farmers were 

similar to the planters/bush fencers for having planted trees 

around their homestead, sheds, drive or laneways with the 

objective of providing shelter. They continued with this 

interest, having reported that the first and second ranked most 

important practices on their properties were in both cases 

windbreak plantings for crop and soil protection. The bush 

fencers/planters also reported that they saw the need to plant 

shrubs and trees on saltland as well as salt tolerant fodder 

shrubs such as saltbush. However they considered agroforestry 

to be economically risky, not only because of a lack of 

adequate cost-benefit data, but also because they thought that 

their land was unsuitable for tree growing purposes. These 

farmers had the most responsible bush management practices of 

all respondents, with the most bush fenced and the least bush 

grazed by their stock. Nonetheless, they did not think that 

bush regeneration and establishing wildlife corridors were 
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applicable on their farms - or did not consider these practices 

in economic terms. Despite this, in 1988 they were associated 

with the planters/bush fencers for having planted tree crops. 

They also were associated with these farmers in relation to 

their willingness to initiate a seminar or field day about 

agroforestry. These farmers have not, however, either discussed 

tree growing with as many others or had as much tree growing 

experience as the planters/bush fencers. 

The planters/bush fencers (cluster 3) were characterised by 

their having made a conscious effort to grow farm trees and 

forage shrubs, as well as regenerate bush lands, and plant or 

save shrubs and trees to reduce salinity. The planters/bush 

fencers were originally interested in agrof orestry practices as 

diverse as (1) plantations of native species for timber and 

posts, (2) shrubs and trees on saltland to control salinity, 

(3) wide-spaced trees in pastures and croplands, (4) plantings 

to increase property value, (5) plantings to control 

waterlogging, (6) plantings to control water erosion, and (7) 

bush regeneration . 

These farmers' attitudes to agroforestry were further described 

by their having reported being experienced with tree growing. 

Their main reason for involvement in agroforestry before 1987 

was tree planting for salt land reclamation, and they were 

associated with the bush fencers/planters in 1988 for having 

reported plantings of tree crops for economic purposes. The 

planters/bush fencers have also planted or left trees around 

the homestead, sheds, drive or laneways for more reasons than 

other respondents. Their reasons for doing this were shade, 

shelter, wildlife conservation, beautification and salinity 

control. At the time of the survey they reported seeing the 

need for water erosion control plantings, as well as plantings 

of shrubs and trees on saltland for reclamation purposes and to 

produce stock fodder. 

These farmers were not associated with having stated any 

reasons why they thought agroforestry was economically risky. 

Hence, unlike all other respondents, they thought that 

plantations using either native or exotic species, as well as 

shrub plantings for stock fodder were economic. However, they 
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did not know if bush regeneration, wildlife corridors or 

property beautification plantings were economic. The 

planters/bush fencers had also ranked plantings of shrubs and 

trees on saltland and recharge sites to control salinity as thP 

most important practices on their properties. These farmers, 

along with the bush fencers/planters, also reported that they 

would initiate an agroforestry seminar or field day. They have , 

however, talked with more farmers about tree growing than other 

respondents. 

In summary, the planters/bush fencers had more favourable 

attitudes than the other respondents to both shrub and tree 

planting, as well as bush management activities. They also had 

positive attitudes to the economics of agroforestry, and the 

willingness to publicize agroforestry practices. In contrast, 

the bush grazers/planters had generally negative attitudes 

towards agroforestry. Not only did they admit having had a 

complete lack of experience with tree growing, but also they 

reported having consciously grazed their bush as well. Despite 

these characteristics which were not associated with 

·progressive land care behaviour, the bush grazers/planters were 

the first respondents to have grown shrubs on saltland before 

1987. In addition, they thought that saltland plantings of not 

only shrubs, but trees as well, were the most important 

practices on their properties. 

Contrary to these attitudes, the bush fencers/planters were 

similar to the planters/bush fencers in their background 

interest and reasons for involvement in agroforestry, as well 

as their views about the economics of different practices. TheJ 

were, however, differentiated from all other respondents in 

relation to the importance they attributed to plantings for 

shade and shelter both around their homesteads and buildings, 

and on farmland. The bush fencers/planters also differed from 

the other respondents with regard to their concern about the 

lack of cost benefit data which made agroforestry economically 

risky. 

While these attitudes of farmers towards agroforestry were 

found to have influenced their involvement, other attitudes did 

not have any impact. For example, with only 36 per cent of 
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respondents having reported any preference at all, the species 

preferences of farmers in the study area were not as extreme as 

those reported in pine plantation growing areas to the west. 

While both prior to 1987 and during 1988 the shrub and tree 

growing reasons of respondents were associated with their level 

of agroforestry involvement, in 1987 no such relationship was 

identified. In that year, comparatively fewer shrubs and trees 

were planted than prior to 1987 or in 1988, and shade and 

shelter were the main reasons for planting. These attitudes may 

have been a reflection of the low rainfall conditions 

experienced throughout most of the study area in 1987 which 

could have discouraged most farmers from planting. 

Some of the attitudes of respondents towards the economics of 

agroforestry also did not differentiate their involvement in 

agroforestry. In a less specific sense, involvement in 

agrof orestry was again not found to have been associated with 

the attitudes of respondents towards banking issues. Only 12 

per cent were willing to borrow and the majority thought their 

bank manager would not have a positive attitude towards a loan 

request for tree growing. In a similar way, only 4 per cent of 1 

respondents reported some measurable benefits from 

agroforestry, with the majority having stated that it was too 

early to tell or they could not calculate it. While not 

statistically associated with involvement in agroforestry, 

these attitudes towards not only the economics, but also the 

other aspects of agroforestry considered in the present study, 

have most likely had a substantial impact upon the decisions of 

respondents as well. 

Dominant Attitudes to Agroforestry Practices and Management Influencing Farmer Involvement 

Over half, 59 per cent, of the total variance in the data set 

describing the respondents' attitudes to agroforestry practices 

and management has been explained by principal components 

analysis. The original data set has been compressed into four 

new composite variables which identify the range of attitudes 

in the study area towards involvement in agroforestry. All four 

have relatively similar importance, with the first two 

dimensions accounting for 32 per cent of the total variance in 

the data set, and the last two explaining 27 per cent. While 

other research has described farmer attitudes to agroforestry 
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in industrialised countries, no studies other than the present 

one have identified these four statistically unrelated factors. 

Two of these dimensions describe favourable attitudes towards 

agroforestry in the study area, while the others are less 

clearly so. In addition, three of these new composites have 

operationalised this study's conceptual model. They identify 

the relevance of measuring the involvement of farmers in 

agroforestry by describing their perspectives on bush 

management, tree growing on farmed land, and shrub and tree 

growing on discharge areas and waterways. In addition, a range 

of spatial patterns has been found to be associated with these 

four dimensions of farmer attitudes. 

The first dimension describes respondents with 'favourable 

discharge area and waterway land degradation control 

attitudes'. These grids with high mean scores for this 

attitudinal trait are located in a more clustered than random 

pattern. The same clustering occurs in relation to the second 

dimension's grids which describe farmers with somewhat 

'uninterested, non-conversant attitudes', and others who are 

least associated with this attitude. The third dimension in 

this data set ('inexperienced farm tree growers either not 

involved in bush management or having non-monetary attitudes 

towards it') has a more dispersed than random spatial pattern 

of high mean score ranks, and a clustering pattern for the 

grids with mean scores which are least associated with this. 

While the fourth dimension was not found to have been 

associated with any spatial patterns of the respondents' 

locations in the study area, it operationalises the conceptual 

model, as was also done by the first and third dimensions. This 

fourth composite variable substantially contributes to 

explaining the range of attitudes to agroforestry involvement 

by describing favourable attitudes towards bush management, and 

tree growing to provide shelter on farmed land. Hence, these 

four attitudinal dimensions of involvement in agroforestry 

identify farmer perspectives which vary considerably, and 

verify the relevance of the conceptual model which directs this 

study. 



5.4.3 Management Decision-making 

The following descriptive results of the ANOVA tests which 

identified the relationship between management decision-making 

and involvement in agroforestry are reported on a cluster basis 

to provide additional understanding of differences between the 

respondents. No association was, however, identified between 

involvement in agroforestry and the respondents' management 

decisions about issues related to their family business, such 

as legal status or years in operation. Likewise, the 

respondents were not differentiated in relation to their 

decisions about the sources of funds, risks and time 

allocations associated with applying agroforestry practices. 

Involvement in agroforestry was also found not to have been 

associated with the respondents' land management decisions 

related to their fire control and livestock grazing policies. 

Despite these similarities between the three cluster groups of 

respondents, their management decisions differentiated them in 

relation to a range of other issues. Involvement in 

agrof orestry was found to have been associated with their 

budgeting for agroforestry, use of different conservation 

tillage and livestock management practices, as well as varying 

shrub, tree growing and bush management practices. 

In the first instance, the bush grazers/planters (cluster 1) 

were clearly less involved than other respondents with having 

made management decisions associated with agroforestry, 

possibly because they had amongst the newest properties in the 

study area. In addition, these farmers had not integrated into 

their management programmes any practices, other than crop and 

pasture management, to reduce soil blowing or other land 

degradation problems. However, the bush grazers/planters had 

undertaken plantings for property value improvement, as the 

planters/bush fencers had done. 

The bush fencers/planters (cluster 2) made the decision to 

purchase their main income properties less than forty years 

ago, which was similar to the bush grazers/planters but later 

than the planters/bush fencers. While a high percentage of 

respondents used conservation tillage practices for controlling 

wind erosion, these farmers and the bush grazers/planters also 

used traditional tillage practices to reduce soil blowing. In 
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addition, they were associated with the planters/bush fencers 

for having indicated that their agroforestry management 

programme included windbreak and shelterbelt plantings for 

shade and shelter. 

The planters/bush fencers (cluster 3) were associated with 

having made several progressive management decisions about 

their farm business, agroforestry and land management which 

clearly differentiated them from other respondents in the study 

area. These farmers had decided to purchase their main income 

earning property over forty years ago, which was in advance of 

any of the others in the survey. They were also distinguished 

from the other farmers by their use of reduced tillage to 

control wind erosion, in addition to their use of crop and 

pasture management practices. In a similar manner, the 

planters/bush fencers reported flexibility in their management 

decision-making by having varied their livestock grazing 

strategies depending upon the prices they received for animal 

products. They were associated with the bush fencers/planters 

for having integrated windbreaks and shelterbelts, as well as 

plantings for increasing their properties' value, into their 

management programmes on their main income earning properties . 

However, they were differentiated from all other respondents 

for having used several additional agroforestry practices, 

which included plantations of both pines and other non

indigenous exotic species, such as blue gums, as well as bush 

regeneration practices, and plantings to control water erosion 

and waterlogging. 

Dominant Management Decision-making Factors Influencing Agroforestry Involvement 

After compressing the management decision-making-related 

variables which were previously found by ANOVA to differentiate 

the three cluster groups of farmers according to their 

involvement in agroforestry, three new composite variables were 

revealed. These explain 62 per cent of the total variance in 

the data set, which is slightly more than the average amount 

explained by the other seven compressed sets of variables. 

The first factor, labelled 'mixed erosion control, property 

value improvement and bush management oriented decision-making' 

explains 25 per cent of the total variance in the data set, 
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which is substantially more than the others. This dimension 

describes a broadly conceived management strategy which 

incorporates both short and long term decision-making about 

involvement with agroforestry practices which have varying 

degrees of remunerative potential. While there is clustering of 

the mean grid score ranks for varying degrees of farmer 

association with this dimension, these grids are not located in 

any clearly recognisable patterns in the study area. 

Fina~cially driven management decision-making in the study area 

has been identified by the second new composite variable. A 

clearly clustered spatial pattern of the grids in the western, 

southwestern and southeastern parts of the study area occurs 

for respondents who are somewhat involved with 'budgeting for 

bush management, and shrub and tree growing on all properties' 

(p = 0.0655). These are the higher rainfall parts of the study 

area where farmers are more likely to be able to estimate the 

financial returns from involvement in agroforestry. 

The third new composite produced by this PCA identified 'older 

farms without current property value improvement plantings'. 

This dimension contrasts with the other two in relation to its 

portrayal of current non-agroforestry involvement oriented 

management decision-making. Spatial clustering of the farmers 

and farm families associated with this dimension is clearly 

seen in the western and northwestern parts of the study area, 

where such properties predominate. 

Chapter Six will consider the influence of biophysical and 

practicability variables on the perspectives of farmers and 

farm families about involvement in agroforestry. 
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6.1 BIOPHYSICAL CHARACTERISTICS OF SURVEY FARMS 
The previous two chapters identified the extent to which farmer 

and farm family business perspectives on involvement in 

agroforestry are associated with variables which describe (1) 

socioeconomic and family business characteristics of the 

respondents, and (2) information, incentives, attitudes and 

management decision-making. This chapter provides the results 

from ANOVA and PCA about the impact of biophysical and 

practicability variables. As with the previous variables which 

have been tested, this group of variables elaborates further 

aspects of the conceptual model of this thesis describing the 

internal farmer and family farm business relations of 

production. 

Three subsections have been constructed to enhance reporting 

this chapter's results. These are : 

1 biophysical characteristics and problems of the 
respondents' properties 

2 species preferences 
3 opinions about practicability and success with applying 

agroforestry practices. 

As with all but the family structure-related variables (Chapter 

Four) only those variables in this chapter's first section 

which differentiated the three cluster groups of farmers are 

subsequently compressed by PCA. This filtering process has 

substantially reduced the large number of variables tested by 

this exploratory research to produce new suites of the most 

important composite variables describing involvement in 

agroforestry. Hence, the following variables provide a 

reasonably concise overview of the potential environmental 

influences affecting farmers' perspectives on agroforestry 

i nvolvement in the study area. 

6.lA ANOVA Results : Biophysical Characteristics of Survey 
Farms 

This first subsection identifies the relationship between the 

biophysical characteristics of survey farms and involvement in 

agroforestry, while the next subsection describes the influence 

of land degradation problems. The impact on agroforestry 

involvement of the biophysical characteristics of survey farms 

has been described in four sets of variables using 22 separate 

analysis of variance tests (Table 6.1). 
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'Bush Grazers/ 'Bush Fencers/ 'Planters/ 
Planters' Planters' Bush Fencers' 
(Cluster (Cluster (Cluster Sign if 

Variable No. One) Two) Three) F Prob -icant 
Description Responses Mean Mean Mean Value >F (0.10) 

Yeur bulk or property cleared? 
pre 1940 594 0.10 O.OQ 0.18 4.14 0.016 
1941- 1960 594 0.28 0.17 0.27 3.74 0.024 
1961- 1970 594 0.31 0.25 0.28 0.83 0.436 
1971- praenl 594 0.16 0.19 0.09 3.52 0.030 
Land remeinin11 to be cleared? 
(Percentage or Cerm size) 
0% 588 0.60 0.44 0.47 5.99 0.003 
0 • 5 9{, (docs not include 0) 290 0.33 0.17 0.27 3.41 0.034 
5-10% 290 0.24 0.22 0.29 0.67 0.513 
10- 20% 290 0.21 0.28 0.25 0.76 0.470 
20- 30% 290 0.21 0.31 0.18 2.40 0.092 
>30% 290 0.04 0.06 0.03 055 0.579 
< 5 ~ (ududca Ol 588 0.73 054 0.61 8.71 0.000 
< 10% 588 0.83 0.66 O.Tl 8.10 0.000 
Average rainCall lest live yeen? 
<350mm. 643 0.32 0.44 0.45 5.09 0.006 
350-500mm. 643 0.41 o.~ 0.32 152 0.217 
500-750mm.. 643 0.25 0.17 0.21 1.84 0.158 
>750mm. 643 0.01 0.00 0.00 1.17 0.308 
Property soil type? 
light to medium soils 649 0.17 0.28 0.16 554 0.004 
light 649 0.14 0.14 0.11 0.68 0.502 
mixed 649 0.62 052 0.68 6.36 0.001 
lighl, or light to medium (compa1ite) 649 0.31 0.43 0.28 5.90 0.002 
heavy, or medium to heavy (ocmpoait.e) 649 0.04 0.04 0.03 0.41 0.658 
heavy, or mi:Ji;ed, or medium kl heavy (canpoaiie) 649 0.67 051 0.71 4.98 0.007 

Source: Great Southern Tree Growing Survey, 1989 

These variables are ( 1) the time period when over half of the 

respondents' property was cleared, (2) how much land remains to 

be cleared that is suitable for cropping or grazing, (3) the 

average rainfall, and (4) the property soil type. All four sets 

of biophysical variables were found to have been significantly 

associated with involvement in agroforestry. Twelve (60 per 

cent) were significant to at least the 5 per cent level, and 

eight (40 per cent) were significant at the 1 per cent level . 

These biophysical variables influence farmer involvement in 

agrof orestry 

• property history (year property cleared from native bush) 
• percentage of farm area remaining in bush 
• average rainfall in the last five years 
• property soil types. 

Property History and Bush Clearing Levels 

The first set of statistically significant variables in Table 

6.1 has identified the extent to which the property clearing 

date has had an impact on involvement in agroforestry. The 

planters/bush fencers (cluster 3) were associated with having 

the oldest cleared farms in the survey, pre-1940 (p = 0.016) . 

This contrasts with the bush grazers/planters (cluster 1) and 

the bush fencers/planters (cluster 2) who cleared their 

properties later. These results suggest that farmers with older 

properties tend to be more involved in planting and bush 
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management than other farmers on younger properties. However, 

no comparable research has been identified which also 

differentiated the impact of clearing date on involvement in 

agroforestry. 

In the second instance, statistical differences between the 

respondents were found in relation to variables describing the 

percentages of respondents' properties which had land, suitable 

for cropping or grazing, that remained to be cleared. As with 

property history, no comparable studies have tested the impact 

of bush clearing levels on agroforestry involvement. The bush 

grazers/planters were associated at the 1 per cent level with 

having reported that either they had no land left to clear or 

less than 5 per cent remained to be cleared which could be 

suitable for cropping or grazing. In contrast, the bush 

fencers/planters have been associated with reporting that 20-30 

per cent of the total area of their main income earning 

property could be cleared (p = 0.092). The planters/bush 

fencers have not been clearly differentiated from the other 

farmers, but they either reported that there was no bush land 

that they would clear for agricultural purposes, or they had 

less than 10 per cent of their farms in bush that could be 

cleared for other purposes. Hence the bush fencers/planters, 

who have the most land left in bush, reported the largest 

percentage of their total farm area available for clearing. 

This contrasts with the bush grazers/planters (cluster 1) who 

have the smallest percentage of their farm available for 

clearing. The extent to which the respondents would have 

actually cleared these areas of bushland for cropping or 

grazing was not asked in the survey because of the sensitivity 

of this question (evidenced during survey pre-testing) . 

Rainfall Levels and Property Soil Types 

The third set of biophysical variables in Table 6.1 describes 

the relationship between rainfall levels on respondents' 

properties and their involvement in agroforestry. Comparable 

studies have not been identified which tested the impact of 

this environmental parameter on the decisions of farmers about 

agroforestry involvement. The bush fencers/planters and the 

planters/bush fencers were associated at the 1 per cent level 

with having reported rainfall levels less than 350mm for the 
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last five years. Hence it appears that these two groups of 

farmers in the lower rainfall parts of the study area have 

become more involved in agroforestry than the bush 

grazers/planters in the higher rainfall zone. 

The fourth and last set of biophysical variables describes the 

impact on agroforestry involvement of the soil types on the 

properties of respondents. The bush grazers/planters have not 

been clearly differentiated from the other farmers. However, 

the bush fencers/planters (cluster 2) have been found to be 

associated at the 1 per cent level with the composite variable 

which described their being located on either light, or light 

to medium textured soils. These properties are thus located on 

largely cleared, low rainfall, mallee and sandplain country. In 

contrast, the planters/bush fencers (cluster 3) were clearly 

differentiated from other respondents by the composite variable 

which described their properties having been located on heavier 

soils (p = 0.007). Hence these ANOVA tests have identified that 

the two groups of respondents who have been most involved in 

agroforestry were located on properties with quite different 

soil characteristics. The bush grazers/planters were not found 

to have properties which were associated with particular soil 

types. These farmers were thus most likely located on soils 

which were similar to one of the two other groups, or they were 

located on sites with a mixture of light, medium or heavy soil 

types. 

These findings about soil types influencing agroforestry 

involvement add a new dimension to our understanding of the 

impact of environmental factors. However, as with the effects 

of rainfall levels, no comparable studies have been identified 

which considered the influence of soil type on the involvement 

of farmers in agroforestry. In general, the extent to which the 

various biophysical characteristics of the respondents' 

properties described in this section have caused conscious 

responses remains uncertain. However, these overall findings 

suggest that farmers' decisions about involvement in 

agrof orestry have been influenced by several of the biophysical 

characteristics of their properties. 
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6.JA.2 Land Degradation Problems 01, Survey Farms 

Having identified in the previous subsection the influence of 

the biophysical characteristics of survey farms on agrof orestry 

involvement, the impact of land degradation problems is now 

considered. In relation to the occurrence of land degradation 

problems on the farms of respondents, insufficient attention 

has been given in previous research to the extent to which this 

may have influenced involvement in agroforestry. While the 

biophysical characteristics of respondents' properties have 

been shown to be highly correlated with involvement in 

agroforestry, the impact of land degradation problems on their 

agroforestry involvement was uncertain. In order to describe 

this relationship in the study area, fourteen sets of variables 

with 63 separate analysis of variance tests were evaluated 

(Tab 1 e 6 . 2 ) . 

'Bush Grazers/ 'Bush Fencers/ 'Planters/ 
Planters' Planters' Bush Fencers' 
(Cluster (Cluster (Cluster Signif 

Variable No. One) Two) Three) F Prob -icant 
Description Responses Mean Mean Mean Value >F (0.10) 

Any lend degradation problem• 638 0.69 0.68 O.Tl 2.23 0.108 
In thP lest 5 years? 

Worst problem: property in ~neral (first ranked}? 
wind and sandblow 465 0.29 0.37 0.27 2.14 0.118 
IJ&linity and waterlogging 465 0A6 0.42 0.48 0.59 0.553 
waler erosion "'65 0.14 0.11 0.14 0.53 0.587 
olha 465 0.10 0.09 0.09 0.09 0.906 
Woral problem : properly in gpneral (second renked)'l' 
wind and sandblow 308 0.24 0.31 0.32 0.91 0.400 
salinity and waterlogging 308 0.34 0.22 0.23 2.54 0.080 
W81CTClOllCYI 308 0.24 0.33 0.22 1.81 0.165 
other 308 0.16 0.12 0.22 1.68 0.187 
Worst problem: property in general (third ranked)? 
wind and sandblow 124 0.41 0.26 0.16 3.27 0.041 
1alinity and walcrlogging 124 0.16 0.26 0.25 0.63 0.530 
\Hier crosioo 124 0.19 0.26 0.18 0.49 0.612 
olha 124 0.22 0.20 0.39 2.49 0.087 
Worst problem : property in gpnttal (combined reaponaes) 
wind and sandblow 465 0.53 0.66 0.54 3.18 0.042 
salinity and watcrlogging 465 0.66 0.61 0.66 0.60 0.544 
waler croaion 465 0.33 0.40 0.35 0.88 0.412 
alba 465 0.22 0.20 0.28 1.47 0.230 
Worst problPm: property's \•11lue'l' 
wind and sandblow 422 0.23 0.33 0.21 2.70 0.068 
a.Jiniry and watcrlogging 422 0.58 0.52 0.54 0.67 0.508 
water uosiOD 422 0.09 0.06 0.13 1.92 0.146 
other 422 O.ITT 0.!17 0.09 0.19 0.826 
Worst problem: property'• productionT 
wind and sandblow 415 0.30 0.42 0.27 4.04 O.QJ8 
salinity and waterlogging 415 0.49 0.40 0.46 1.11 0.3!7 
waler erosion 415 0.05 0.09 0.13 2.88 0.056 
other 415 0.15 o.cn 0.12 1.86 0.156 
Species loss due to firea7 
yea 616 0.19 0.13 0.17 1.83 0.160 
dooot know 616 0.23 032 0.23 2.65 OJJ71 
DO 616 0.56 0.54 0.58 0.36 0.692 
Have you seen trees slow winds? ~I 0.87 0.90 0.88 0.40 0.670 

He•e you H.perienced soil blowing! 636 0.72 0.76 0.80 2.00 0.135 

Any problems this yl'flr: trees? 420 0.51 0 .43 0.51 1.21 0.297 

Ir yPS, pleeff describP? 
insects, pests, weed.\, disease XJ7 0.38 0.29 0.37 0.63 0.531 
lime, labour, finaix:ca W? 0.13 0.34 0.13 6.32 0.002 
livcatock "2/J7 0.05 0.10 0.06 0.53 0.586 
other "21J7 0.58 0.53 0.59 0.28 0.74Q 
Have you hed this problem before? z.;o 0.52 0.58 0.59 0.53 0.585 

Mein tree losses: when? 
winter, spring 328 0.30 0.38 0.23 2.59 O.ITT6 
swnmer 328 0.7:? 0.71 0.76 0.48 0.619 
aflec3 mmths 328 0.08 0.04 0.10 1.28 0.278 

Source: Great Southern Tree Growing Survey, 1989 
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The following variables were found to correlate statistically 

the impact of land degradation in the study area on farmer 

involvement in agroforestry : 

• second ranked worst problem 
• third ranked worst problem 
• overall worst problem 
• worst problem affecting property value 
• worst problem affecting property production 
• species losses due to fires 
• specific tree growing problems 
• seasonal occurrence of tree losses. 

The other sets of variables in Table 6.2 which were tested for 

significance had no such impact on involvement in agroforestry . 

Comparable studies were not identified that could be used to 

compare these findings about involvement in agroforestry and 

farmers' experiences with land degradation problems. 

Land Degradation Severity 

While no association was found between involvement in 

agroforestry and the respondents' reporting of the worst 

overall problem on their properties, the bush fencers/planters 

were differentiated for having reported that wind and sand.blow 

severely affected both their property value (p = 0.068) and 

production (p = 0 . 018). However, in only one instance was any 

association identified between the incidence of water erosion 

problems and involvement in agroforestry. Water erosion was 

nominated as the worst problem affecting property production by 

the planters/bush fencers (p = 0.056). 

There was also differentiation of the respondents according to 

involvement in agroforestry for their ranking of the second and 

third worst land degradation problems. The bush 

fencers/planters (cluster 2) were associated at the 10 per cent 

level with reporting that salinity was the second worst 

problem, with wind and sandblow the third ranked worst problem 

(p = 0.041). In addition, the third ranked land degradation 

problem which described 'other problems' was found to have been 

associated at the 10 per cent level with the planters/bush 

fencers (cluster 3). When the respondents' rankings of the 

three worst land degradation problems on their properties in 

general were combined, the bush fencers/planters were 
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associated with having reported wind and sandblow problems (p 

0.042). 

General Tree Growing Experience 

Five sets of variables have also been tested to describe the 

impact on agroforestry involvement of the farmers' general tree 

growing experiences. In relation to their experiences with 

identifying problems affecting the survival of either the bush 

or trees they had planted on their properties, the bush 

fencers/planters (cluster 2) were found to have been most 

associated with reporting that they did not know if native 

species losses had occurred due to consecutive fires (p = 

0.071). Only sixteen per cent of survey farmers reported seeing 

a permanent loss of species due to consecutive fires. 

Of those who had tree growing problems, the most commonly 

reported ones were climate, insects, pests and weeds . However, 

involvement in agroforestry was found to be associated with 

non-biophysical problems. The bush fencers/planters were 

differentiated from the other respondents at the 1 per cent 

level for having reported their major tree growing problems to 

have been time, labour, and finance. Similar non- biophysical 

problems were identified as the worst ones affecting the tree 

growing of not only farmers who were known to be involved in 

agroforestry throughout Australia (Reid, 1986), but randomly 

selected farmers in Victoria (Cary et al. 1986; Woolcott, 1990; 

Barr et al. 1992), and South Australia as well (Dowling, 1985). 

These farmers were also associated with having reported that 

their main tree growing losses occurred during the winter and 

spring months (p = 0.076), but no comparative information about 

the timing of planting losses, or the impact of this on 

involvement in agroforestry has been identified. 

The first two sets of variables in Table 6.2 describe whether 

or not farmers have identified land degradation problems on 

their properties and if so which of these was the worst. These 

sets were not associated at the 10 per cent level with 

involvement in agroforestry; however, 71 per cent of 

respondents indicated that they had land degradation problems 

affecting their main income earning property in the last five 

years. Hence it appears that recognition of land degradation 
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problems is reasonably common amongst farmers in the study 

area, despite different types of agroforestry involvement. 

These findings are not consistent with previous research in 

this country which has identified high levels of farmer 

unwillingness to admit having land degradation problems, 

despite their deleterious effects having been proven to occur 

(Vanclay, 1986; Rickson et al. 1987; Barr et al. 1992). Other 

findings in Victoria which associated farmer involvement in 

tree growing with the recognition of land degradation problems 

on their properties were also not verified by the results of 

the present study (Cary et al. 1986). 

The next set of variables in Table 6.2 which did not 

differentiate the survey respondents according to the three 

clusters describes their overall worst land degradation 

problem. Although nearly 30 per cent of respondents stated that 

they did not have such problems, 43 per cent of those who did 

reported salinity, and 31 per cent reported wind and sandblow 

(Figure 6.1). 

The remaining farmers indicated that their worst land 

degradation problem was water erosion, followed by 'other 

problems' such as waterlogging, tree decline, vermin, weeds, 

insects, soils or climate. Both salinity, and wind and sandblow 

were also reported as the worst overall problems affecting 

property value and production. These findings were consistent 

with previous research in the central wheatbelt, to the north 

of the study area, where farmers reported a similar ranking of 

land degradation problems (Fry and Goss, 1985). 

Two additional sets of variables were tested to determine if 

involvement in agroforestry was associated with respondents 

having either experienced soil blowing or seen trees slowing 

down winds. Even though there was no relationship identified 

between their involvement in agroforestry and these two wind

related subjects, 87 per cent of respondents had seen trees 

slowing down winds, and 74 per cent had experienced soil 

blowing on their property. 
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Figure 6.1 : Ranked land degradation problems in the study area 
Source : Great Southern Tree Growing Survey, 1989 
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Finally, the last set of variables in Table 6.2 which was not 

found to influence agroforestry involvement identified that 32 

per cent of respondents had experienced difficult problems at 

the time of the survey. No other studies were found that had 

attempted to correlate the impact of such problems on farmer 

involvement in agroforestry. However, these findings are 

consistent with similar descriptive reports of tree growing 

problems in the study area and other parts of Australia. 

6.lB PCA Results : Dominant Biophysical Characteristics and 
Problems of Respondents' Properties 

The relationship between physical factors and involvement in 

agroforestry is considered within the context of the sixty-one 

variables tested in this chapter's section 6.lA by non

parametric analysis of variance. Of these, 22 were found to 

differentiate the three cluster groups of respondents to at 

least the 90 per cent confidence level. After removing the low 

frequency and conceptually similar variables, seven variables 

were compressed by PCA to describe the major biophysical 

parameters. The three new composite variables which have been 

identified concisely describe the underlying dimensions of the 
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biophysical environment's effects on agroforestry involvement 

in the study area (Table 6.3). They explain over 59 per cent of 

the total variance in the data. 

Rotated F.::tor Pattern 

Number ofObacrvaticm.: 337 

F11Clor Loedings 

VBrieble De11~ription FACTOR! FACTOR2 FACTOR3 

Wind ia worst overall land degradation problem 0.86775 0 .04667 0.01787 

Wind ia wont threat to produ:lion 0.85561 0.12009 0.05075 

Property cleared 1971 ·JRlcnt 0.06358 O.TI356 0.08972 

Property cleared 1941-60 -0.10030 -0.71830 0.00534 

R.ainfall laal 5 yean <350mm 0.02913 -0.34417 0.72746 

Light to axdimn aoil typa 0.27215 0.16184 0.64958 

Lam remaining to be cleared <5% -0.19008 0.23761 0.49340 

Variance aplaincd by each factor : 25.81% 17.39% 16.05% 

Total variance explained : 59.25% 

Eigcnvaluca 1.8070 1.2175 1.1233 

Source: Great Southern Tree Growing Survey, 1989 

The first factor accounts for twenty-five per cent of the total 

variance in this data set, which is substantially more than 

either of the other two factors which were revealed by PCA 

(Table 6.4). 

Factor Label 

Wind affected farmland 

Item 

wind is worst overall land 
degradation problem 

wind is worst threat 
to production 

light to medium soil types 

Source: Great Southern Tree Growing Survey. 1989 

Loading 

0.86775 

0.85561 

0.27215 

This new composite variable is labelled 'wind affected 

farmland' to describe the spectre of land degradation problems 

facing farmers in the study area . In this dimension, wind has 

been the worst overall land degradation problem over the last 

five years on MIE (main income earning) properties, and also 

the worst threat to property production. This dimension also 

describes farms with light to medium soil types, which could be 
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adversely affected by the strong winds which predominate in the 

study area. These results thus provide additional confirmation 

of the importance attributed to wind problems by respondents in 

the study area, which was reported in the previous chapter. 

The second biophysical factor revealed by principal components 

analysis mainly identifies the relevance of the duration of 

time since bushland was cleared from properties in the study 

area. Labelled 'recently cleared farms', this dimension 

describes the relationship between the date when the bulk of 

bushland was cleared, the rainfall zone where the property is 

located, and the amount of bushland remaining to be cleared 

(Table 6. 5) . 

Factor Label 

Recently cleared 
f&IIDS 

Item 

property cleared 
since 1971 

property cleared 
1941-1960 

rainfall during last 
five years <350mm 

bushland remaining to be 
cleared <5 per cent 

Source: Great Southern Tree Growing Survey, 1989 

Loading 

0.77356 

-0.71830 

-0.34417 

0.23761 

This dimension is negatively correlated with clearing dates in 

the period 1940-1960, and low rainfall levels. Twenty-two per 

cent of respondents reported that between 1961 and 1970 over 

half of their main income earning properties were cleared of 

native vegetation. These farmers were not differentiated 

according to the three cluster groups by ANOVA in the previous 

chapter. However, ·31 per cent reported this having been done 

since 1971. Hence it is likely that the 'recently cleared 

farms' revealed by this dimension are mostly located in the 

reliable rainfall areas of the southern and southeastern parts 

of the study area, where there has been extensive land clearing 

mainly on light land soils since the 1960s. 

The recently cleared farms identified by this second dimension 

are also positively associated with having less than five per 

cent of the remnant vegetation left to clear. This variable is 

included despite a loading of just less than 0.25, because it 
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is the second largest loading for this variable and contributes 

to describing recently cleared farms in the study area. This 

dimension therefore defines a suite of relationships, 

predominantly associated with the clearing of bushland for 

agriculture, which contributes new information for interpreti. 

the main biophysical factors influencing involvement in 

agroforestry. In addition, this new composite, as well as the 

third, operationalises the conceptual model by identifying 

perspectives of farmers and farm families towards bush 

management in the study area. 

The third and final composite variable identified in this data 

set defines a similar set of biophysical relationships which is 

labelled 'largely cleared, low rainfall, mallee and sandplain 

country' (Table 6.6) . 

Factor Label 

Largely cleared, 
low rainfall, mallee 
and sandplain country 

Item 

rainfall last five 
years <350mm 

light to medium 
soil types 

bushland remaining to 
be cleared <5 per cent 

Source: Great Southern Tree Growing Survey, 1989 

Loading 

0.72746 

0.64958 

0.49340 

This dimension describes biophysical forces in the mallee 

vegetation zone of the study area where farmers reported low 

rainfall conditions for the five year period before this 

study's surveys (during the mid to late 1980s). In addition, 

this new composite variable has identified the association 

between the light to medium soil types in this region and the 

low percentages of bushland on respondents' farms remaining to 

be cleared for agriculture . These locations in the study area 

are characterised by predominantly cereal grain growing, or 

mixed cereal grain growing and sheep grazing enterprises (see 

Chapter 1.2.1 'The Environment of the Study Area'). 

Spatial Patterns 

Using the scores from PCA, three maps have been produced to 

identify if any spatial influences are associated with the 

biophysical characteristics and problems of respondents' 
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Figure 6.2: Biophysical characteristics and problems of respondents' properties: mean factor scores for 
20 kilometre square grids (a) wind affected farmland (b) recently cleared farms, 
(c) largely cleared, low rainfall, mallee and sand plain country 

Source: Great Southern Tree Growing Survey, 1989 
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properties in the study area (Figure 6.2). Sixty three per cent 

of the grid squares have more than one farm in each. 

Nearest neighbour analysis identified numerous instances at the 

90 per cent confidence level or better where grid squares with 

either positive or negative mean scores for the respondents 

were distributed in more clustered than random patterns in the 

study area (Table 6.7). 

Expected 
Factor Grid Mean Mean Distance 
No. Mean Density of Observed in Random Nearest Pattern 

Score No.of Farmers per Distance Distribution Neighbour ZR p Type 
Variable Rank* Farmers square km (km) (Ra) (km)( Re) Statistic (R)i Test Value •• 

l Wind affected A 100 0.0013 12.452 13.703 0.908 l.746 0.0409 c 
fannland B 51 0.0006 18.677 19.188 0.973 0.363 0.3594 b 

c 87 0.0011 12.294 14.691 0.836 2.911 0.0018 c· 
D 81 0.0010 14.658 15.225 0.962 0.641 0.2611 b 

2 Recently cleared A 51 0.0006 16.378 19.188 0.853 2.000 0.0228 c 
farms B 104 0.0013 11.789 13.437 0.877 2.391 0.0084 c 

c 112 0.0014 12.930 12.948 0.998 0.028 0.4920 b 
D 52 0.0006 16.283 19.003 0.856 1.974 0.0244 c 

3 Largely cleaced, low A 58 0.0007 18.305 17.993 1.017 -0.252 0.4013 b 
rainfall, mallee and B 58 0.0007 14.819 17.993 0.823 2.569 0.0052 c 
sandplain country c 130 0.0017 9.951 12.018 0.828 3.751 0.0001 c 

D 73 0.0009 12.314 16.038 0.767 3.794 0.0001 c 

• Grid Mean Score Rank : ** Pattern Type : 
A +LOO or more a - more dispersed than random (1) R =Ra/Re 
B +0.01 to +0.99 b - random 
c 0.00 to -0.99 c - more clustered than random 
D -1.00 or less 

Source: Great Southern Tree Growing Survey, 1989 

With regard to the first dimension, the grids with mean scores 

most associated with reporting wind affected farmland were 

found to be distributed in a clustered pattern mainly along the 

southern coastline. However, the farmers who are less related 

to this factor are clearly located in a clustered pattern in 

the inland western part of the study area (p = 0.0018). These 

two distributions reflect the wind rose maps previously 

presented in Chapter Two (Figure 2.3). 

In relation to the second dimension, the respondents were 

statistically clustered (p < 0.05), whether they were 

positively or negatively associated with having recently 

cleared farms. Those associated with this dimension appear to 

be mostly located in southern and southeastern parts of the 

study area where vacant Crown lands were released for 

agricultural development since the 1960s. Grids with mean score 
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ranks for respondents which were highly associated with the 

third dimension were not found to be clustered. However, the 

remaining three ranks with progressively lower mean scores were 

clustered. They are located largely outside of the mallee 

country, particularly in the western, southern and southeastern 

parts of the study area (p < 0.01). 

6.2 SPECIES PREFERENCES 
Having discussed the impact of the biophysical characteristics 

and land degradation problems of respondents' properties on 

their involvement in agroforestry, this second section 

considers the impact of species preferences. In order to 

determine if the species grown by respondents had an impact on 

their involvement in agroforestry, they were divided into four 

main groupings. These groups included dryland fodder species, 

salt land species (often saltbush for fodder), tree crops and 

farm trees. The relationship between these four main groups of 

species grown by the survey respondents and their involvement 

in agroforestry has been reported in Table 6.8. 

6.2A ANOVA Results : Species Preferences 

From the fourteen questions in this study's survey about the 

species of plants grown by respondents, 42 separate analysis of 

variance tests were completed. Nine variables (21 per cent) 

were significantly associated with involvement in agroforestry 

at the 10 per cent level, five variables at the 5 per cent 

level and two variables at the 1 per cent level. The following 

variables were found to be associated with agroforestry 

involvement : 

• shrub and tree types grown prior to 1987 
• shrub and tree types grown in 1987 and 1988 
• new crops grown (carob) . 

Shrub and Tree Types Grown Prior to 1987 

The bush fencers/planters were differentiated from the other 

respondents at the 1 per cent level with regard to their having 

reported that prior to 1987 they had planted tree crops. Prior 

to 1987 these same farmers were also associated at the 1 per 

cent level with the planters/bush fencers (cluster 3) in 

relation to a composite variable which describes their having 

planted tree crops as well as trees for fodder and saltland 

reclamation. With regard to the planting of shrubs prior to 
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1987, the bush grazers/planters (cluster 1) were found to be 

associated at the 5 per cent level with having reported that 

they had mostly planted species for saltland reclamation. In 

contrast, the bush fencers/planters and planters/bush fencers 

were differentiated from the bush grazers/planters for having 

reported that during this same period of time they had planted 

shrubs for fodder and floricultural objectives (p = 0.054). 

Variable 
Description 

Species grown by previous owner1'7 
drylaai fodder tpcciea (spp) 
trcecropa 
farm ttcea 
drylaai foddu/trcecrops (compotil.e) 
Tree types grown prior to 19877 
dtylmf fodder species 
trcccropa 
farm trcea 
J&!tland 1pccica 
drylw foddu/ aaltlmd spp, tree crops, (compoeite) 
Shrub types grown prior to 19877 
drylaul fodder 1pcciea 
saltland species 
floriculture species 
dryhud foddcr/ flaic spp (compa1it.e) 
Tree types grown in 1987'7 
drylmf foddcr spcciea 
tree crops 
fllJlll trcc:s 
1altlmd apeciea 
floricultur~ Bowering speciea 
fed.dee/ u.ltllllld/ llcric spp, tree cropa (canpoaiw) 
Shrub typH wown in 19871 
dryla!d foddCf spcciea 
1altland apecica 
fl<ri: 
drylm1 foddcc/ florK; app (compoeit.e) 
Tree type. grown in 1988'7 
drylam fodder species 
trcecrop1 
fann trca 
aaltland apcciea 
floricultur~ flowering apcciea 
fcd.da/ saltland I floric spp, tree cropa (compasite) 
Shrub types grown in 1988'7 
dryland fodder 1pcciea 
aaltland apeciea 
Carobs on your pro~rty'7 

Ir }'M, how many! 
1-5 
>5 
Interested in more carob informetionT 

Ir carobs not planted, why! 
UI111uitable 
not inteica tcd 
were research/ information occdc:d 
labour, finance 
physical, environmental problem1 (climate, soils) 

Blull' Gums on your property! 

Ir yes, how many? 
1-250Trcea 

'Bush Grazers/ 'Bush Fencers/ 
Planters' Planters' 
(Cluster (Cluster 

No. One) Two) 
Responses Mean Mean 

119 
119 
119 
119 

538 
538 
538 
538 
538 

51 
51 
51 
51 

405 
405 
405 
405 
405 
405 

29 
29 
29 
29 

391 
391 
391 
391 
391 
391 

46 
46 

503 

83 
83 

448 

152 
152 
152 
152 
152 

432 

655 

0.00 
0.34 
0.65 
0.34 

0.18 
0.14 
0.96 
0.06 
0.39 

O.<JJ 
0.92 
0.07 
0.15 

0.12 
0.22 
0.89 
0.03 
0.00 
0.34 

0.00 
0.71 
0.28 
0.28 

0.14 
0.14 
0 .86 
0.03 
0.00 
0.38 

0.00 
0.75 
0.16 

0.56 
0.43 
0.52 

0.12 
0.34 
0.31 
0.00 
0.34 

0.53 

0.26 

O.o2 
0.42 
0.55 
0.45 

0.26 
0.41 
0.93 
0.05 
0.55 

0 .26 
0.40 
0.20 
0.60 

0.15 
0.20 
0.91 
0.01 
0.01 
0.33 

0.00 
0.40 
0..50 
0.60 

0.28 
0.22 
0.87 
0.03 
0.00 
0.44 

0.17 
0.70 
0.16 

0.61 
0.38 
0.58 

0.27 
o.v 
0.18 
0.05 
0.56 

0.57 

0.29 

Source: Great Southern Tree Growing Survey, 1989 

'Planters/ 
Bush Fencers' 

(Cluster 
Three) 
Mean 

0.00 
0.41 
0.58 
0.41 

0.22 
0.33 
0.96 
O.JO 
0.52 

0.17 
0.60 
0.17 
0.39 

0.19 
0.17 
0.93 
0.04 
0.00 
0.32 

0.16 
0.66 
0.08 
0.33 

0.26 
0.24 
0.86 
0.07 
0.00 
0,47 

0.19 
0.85 
0.24 

0.61 
0.38 
0.68 

0.14 
0.32 
0.26 
0.00 
0.38 

0.57 

0.26 

F 
Value 

0.98 
0.32 
0.47 
0.47 

l .74 
6.69 
1.22 
2.06 
5.03 

0.84 
4.60 
0.42 
3.08 

1.20 
0.47 
0.79 
1.21 
0.98 
0.04 

1.52 
1.07 
254 
1.07 

0.29 
2.57 
0.07 
J.08 
0.00 
0.98 

0.85 
0.63 
202 

0.08 
0.08 
3.91 

2.28 
0.28 
1.29 
2.74 
3.07 

0.39 

0 .46 

Prob 
>F 

0.375 
0.723 
0.620 
0.620 

0.175 
0.001 
0.296 
0.1Z7 
0.006 

0.437 
0.014 
0.655 
0.054 

0.301 
0.623 
0.451 
0.297 
0.375 
0.953 

0.236 
0.354 
0.098 
0354 

0.744 
0.077 
0.927 
0.338 
0.998 
0.374 

0.433 
0.533 
0.132 

0.915 
0.915 
0.020 

0.105 
0.750 
0.278 
0.001 
0.048 

0.672 

0.629 

Sign if 
-icant 
(0.10) 

While no previous research relevant to the present study has 

associated the effects of the types of species planted by 

farmers on their involvement in agroforestry, these findings 

about the types of species planted prior to 1987 are consistent 

with Coates' (1987) survey of wheatbelt farmers in Western 

Australia. That survey found that prior to 1987 the majority of 

farmers had planted one farm tree species, the river red gum, 
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(Eucalyptus camaldulensis), with lesser numbers of farmers 

having planted either ornamental species, a range of local 

native species, or exotics. While the river red gum has been 

known as a typical farm tree species with a long term potential 

to produce timber, some of the other species which had been 

reported to Coates (1987) were also known to be useful in the 

short term for dryland fodder, floriculture and saltland 

revegetation, as well as tree crops production. Hence the 

emphasis of the bush fencers/planters and the planters/bush 

fencers on growing either dryland shrubs or trees which are 

potentially useful either in the short or long term has 

differentiated them from the bush grazers/planters who have 

mainly planted saltland species for stock fodder and 

revegetation. 

Shrub and Tree Types Grown in 1987 and 1988 

While no comparable research has been identified, the farmers 

were differentiated according to their involvement in 

agrof orestry in relation to the types of shrubs and trees they 

grew in 1987 and 1988. With regard to shrubs in 1987, the 

planters/bush fencers (cluster 3) were found to have been most 

associated with reporting floricultural species (p = 0.098) . In 

1988, these same farmers as well as the bush fencers/planters 

were found to have been also associated at the 10 per cent 

l evel with having planted tree crops. Like the pre-1987 period, 

the bush fencers/planters have been the least involved of all 

respondents in growing potentially useful types of shrubs and 

trees in 1987 and 1988. 

New Crops 

Respondents were also asked to respond to several optional 

questions about two multipurpose species to determine if their 

selection of these species had any impact on involvement in 

agroforestry. These species had been grown on farms throughout 

the study area, but their potential was comparatively uncertain 

in comparison to other more commonly grown and tested species. 

With regard to their views about new crops, the planters/bush 

fencers were differentiated at the 5 per cent level for having 

reported their interest in more information about growing carob 

(Ceratonia siliqua). The bush fencers/planters were, however, 

301 



differentiated at the 10 per cent level from the other 

respondents for their not being interested in growing this tree 

crop because of problems with labour, finance, and 

environmental factors. Hence this group of farmers have been 

involved with growing shrub and tree crops, but they were not 

interested in this new crop with uncertain benefits. 

There was no relationship found between involvement in 

agroforestry and the species which had been grown by previous 

owners of the respondents' properties. With only 20 per cent of 

the farmers in the survey responding to this question, species 

for general farm tree planting were reported to have been the 

most common. Likewise, no differences were statistically 

identified between the respondents in relation to the types of 

shrubs that they had planted during 1987 and 1988. Only 6 per 

cent planted any shrubs at all, with the majority of these 

having planted salt tolerant species for fodder and land 

reclamation. Agroforestry involvement was also not found to 

have been associated with the species of trees grown by 

respondents in 1987. However, 64 per cent of this study's 

survey farmers planted farm trees in 1987, with 36 per cent 

having reported either tree crops or dryland fodder species, 

and the remainder saltland or floriculture species. 

With regard to new crops, agroforestry involvement was not 

associated with the respondents having planted either carobs or 

blue gums (Eucalyptus globulus) . Only 14 per cent of 

respondents had planted carobs, a dryland fodder species, while 

37 per cent had planted blue gums. There was also no 

association between involvement in agroforestry and the number 

of carobs or blue gums which had been planted by respondents. 

While 83 per cent of the respondents who had planted blue gums 

reported having less than 300 trees, 80 per cent of the carob 

growers had grown less than ten of these trees. Such small 

plantings reflect the status of these two species as new crops 

which only a relatively small percentage of farmers had tried 

to grow prior to the time of the survey. In comparison with 

carobs, although the blue gums are faster growing and easier to 

establish, they are less drought tolerant and more susceptible 

to insects. While there had been governmental research by the 

time of the survey into the potential of the blue gum for 
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Woodchips and timber in the western portions of the study area 

with greater than 600rnm of annual rainfall (Shea and Bartle, 

1988), only limited private sector work had been done on carobs 

for stock fodder, human food and industrial food processing 

(Marshall and Esbenshade, 1988) . 

6.2B PCA Results : Dominant Species Preferences Related 
Factors Influencing Agroforestry Involvement 

The impact of species preferences on agroforestry involvement 

was tested in the previous section using ANOVA. Of 55 

variables, eight were found to significantly differentiate the 

three cluster groups of farmers. After removing the low 

frequency and conceptually similar variables, five were 

subjected to PCA (Table 6.9). 

Rotated Factor Pattun 

Number of ObacrvatiOlll : 90 

Factor Loadings 

Vlll'ieble Deacriptlon FACTOR! FACTOR2 FACTORJ 

Grew tree cropa in 1988 0.82206 -0.16822 0.00635 

GTew tree crops ~1987 0.81178 0.11132 -0.04603 

lnlerc:1tcd in more carob infocmatioo -0.07912 0.87308 -0.05646 

Labour, finance limil carob growing -0.15864 -0.31008 0.77988 

Enviromncmal problem& limit carob growing -0.15910 -0.45508 -0.69391 

Variance explained by each factor : 27.94% 22.37% 2154% 

Total variam:c c:rplainai: 71.86% 

Eigenvalues 1.3971 1.1185 1.0772 

Source: Great Southern Tree Growing Survey, 1989 

Three factors were revealed which describe the dominant species 

preference influences on farmer involvement in agroforestry. 

They explain nearly 72 per cent of the total variance in this 

data set. The first dimension explains 28 per cent of the total 

variance in the data set, and it is labelled 'tree crops 

preference' (Table 6.10). 
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Factor Label 

Tree crops 
preference 

Source: 

Item 

grew tree crops 
in 1988 

grew tree crops 
before 1987 

Great Southern Tree Growing Survey, 1989 

Loading 

0.82206 

0.81178 

This dimension identifies both an historic and current 

preference for tree crops plantings, pre-1987 and in 1988. 

Involvement with tree crops plantings in 1987 was likely to 

have been reduced, as it was with plantings of all types of 

species that year, because of low rainfall conditions. The tree 

crops which were reported by respondents include casuarinas, 

pines and eucalypts for timber and other products, quangdongs 

for fruit, and tea trees and mallees for medicinal and 

industrial products. The first composite variable thus suggests 

the overall importance farmers have placed on growing species 

with economic potential, albeit in the long term. 

The second factor in this PCA describes the enthusiasm and 

interest which farmers have shown for growing species which can 

produce livestock drought fodder (Table 6.11). 

Factor Label 

Drought fodder 
crop enthusiasm 

Item 

interested in more 
infonnation about carobs 

environmental problems 
limit carob growing 

labour and finances 
limit carob growing 

Source: Great Southern Tree Growing Survey, 1989 

Loading 

0.87308 

-0.45508 

-0.31008 

While this composite variable primarily describes the carob 

(Ceratonia siliqua), it illuminates the wider context of 

farmers' decision-making which influences their preferences for 

similar species. Respondents reported growing far more 

tagasaste (Chamaecytisus palmensis) than carob for the purpose 

of producing livestock fodder during the dry season. This 

provides evidence of a general recognition in the study area of 

the importance of fodder species which can supplement existinq 

pastures during periods of drought. 
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In this second dimension, farmers' interests in learning more 

about carobs are negatively associated with their reporting 

environmental, labour or financial problems which could limit 

their success with growing this species. The carob is a new 

crop in the study area which few respondents reported knowing 

much about. Further to this, many farmers have had problems 

growing this fodder crop, principally due to lack of contact 

with more successful peers, and limited access to technical 

information. With 60 per cent of the respondents reporting that 

they were interested in more information on carobs, there 

appears to be a lack of readily available, relevant technical 

information. Hence this new composite variable portrays 

farmers' enthusiasm for growing drought fodder crops which is 

not necessarily a decision based upon an informed assessment of 

technical knowledge and local practicable experience. 

The third and last species preferences composite revealed by 

PCA has identified a contrasting situation to the second 

dimension (Table 6.12). 

Factor Label 

Constraints to drought 
fodder crop production 

Item 

labour and finances 
limit carob growing 

environmental problems 
limit carob growing 

Source: Great Southern Tree Growing Survey, 1989 

Loading 

0.77988 

-0.69391 

This new composite is labelled 'constraints to drought fodder 

crop production', because it describes economic and family 

structure-related problems which can limit the involvement of 

farmers with growing new crops. Recognition of this constraint 

by the respondents is negatively associated with their 

reporting that environmental problems limit drought fodder crop 

growing. Hence, although the biophysical conditions may appear 

suitable for a new crop, there are other constraints. This 

contrast suggests the importance of this dimension for defining 

the complexity of the problems which farmers may take into 

consideration when making decisions about innovations. 

During the time of this study's surveys, data were unavailable 

to verify the economic benefits of growing drought fodder crops 
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such as tagasaste and carob in the study area. It is thus 

logical for the third dimension to identify that labour and 

finances constrain the species preferences of farmers. As with 

innovations in general, the early adopters risk the potential 

economic losses, but the majority delay involvement even though 

such new practices can assist with achieving sustainable 

agriculture. Hence this third dimension describes common 

constraints which can influence the species preferences, and 

consequent agroforestry involvement of farmers. 

Spatial Patterns 

Using the grid mean scores produced from this PCA, three maps 

have been created which illustrate the spatial patterns 

associated with the dominant species preference influences on 

involvement in agroforestry (Figure 6.3) . While few grid 

squares have more than one farm in each of them (only 21 per 

cent), some spatial patterns are evident. The nearest neighbour 

analysis technique identified several instances where both 

negative and positive mean scores for the respondents were 

either located in spatial patterns which were more dispersed 

than random, or they were clustered in patterns which 

significantly differed from random (Table 6.13). 

Factor 
No. 

Variable 

1 Tree crops preference 

2 Drought fodder crops 
enthusiasm 

3 Constraints to drought 
fodder crops production 

*Grid Mean Score Rank: 
A +l.00 or more 
B +0.0 l to +0.99 
C 0.00 to -0.99 
D -1.00 or less 

Grid 
Mean 
Score No. of 

Density of 
Farmers per 
square km 

Mean 
Observed 
Distance 
(km) (Ra) Rank* Farmers 

A 14 0.0001 34.996 
B 26 0.0003 25.803 
c 39 0.0005 26.448 
D 6 0.00007 86.940 

A 18 0.0002 36.110 
B 17 0.0002 25.841 
c 42 0.0005 22.623 
D 8 0.0001 48.448 

A 0 
B 45 0.0005 19.520 
c 40 0.0005 19.108 
D 0 

* * Pattern Type : 
a - more dispersed than random 
b- random 
c - more clustered than random 

Source: Great Southern Tree Growing Survey, 1989 

Expected 
Mean Distance 

in Random 
Distribution 

(km) (Re) 

36.623 
26.874 
21.942 
55.943 

32.298 
33.235 
21.144 
48.448 

20.427 
21.666 

Nearest 
Neighbour 

Statistic (R)l 

0.955 
0.960 
l.205 
1.554 

l.118 
0.777 
l.069 
0.486 

0.955 
0.881 

ZR 
Test 

0.317 
0.388 

-2.453 
-2.596 

-0.957 
1.754 

-0.867 
2.780 

0.570 
1.428 

(I) R =Ra/Re 

Pattern 
p Typ~ 

Value ** 

0.3783 b 
0.3520 b 
0.0071 a 
0.0048 a 

0.1711 b 
0.0401 c 
0.1949 b 
0.0027 c 

0.2843 b 
0.0778 c 

The grid squares with mean scores least associated with the 

first dimension were found to be located in a more dispersed 
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(c) 

KEY 
High Grid Mean Score 

+ 1.00 or more 

t-0.01 to +o.99 

0.00 to -0.99 

-1.00 or less 

no data available 

Low Grid Mean Score 

4 or 
More 

#FllllllCn /Grid 

0 10 20 30 40 50 60 
#Grids 

Figure 6.3 : Species preferences: mean factor scores for 20 kilometre square grids (a) tree crops 
preference, (b) drought fodder crops enthusiasm, (c) constraints to drought fodder crops 
production 

Source: Great Southern Tree Growing Survey, 1989 
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than random spatial pattern in the study area (p < 0 .01). With 

regard to 'drought fodder crops enthusiasm', the grids with 

positive mean factor scores (+0.01 - +0.99) for farmers 

somewhat associated with this dimension were clustered in 

several parts of the study area (p = 0.0401). Clustering was 

also identified for the grids with farmers whose scores were 

less related to the second (p = 0.0027), as well as to the 

third dimension (p = 0.0778). Hence, only in the instance of 

drought fodder crops enthusiasm was there any clustering of the 

grids with mean scores which were positively associated with 

this dimension of involvement in agroforestry. 

6.3 OPINIONS ON THE PRACTICABILITY OF AND SUCCESS IN 
APPLYING AGROFORESTRY PRACTICES 

Having discussed the impact on agroforestry involvement of (1) 

the biophysical characteristics and problems of the 

respondents' properties, and (2) species preferences, this 

subsection provides information on the opinions of farmers on 

the practicability of and their success in applying 

agroforestry practices. 

6.3A ANOVA Results : Opinions on the Practicability of and 
Success in Applying Agroforestry Practices 

This is the third and final subsection of the general grouping 

of variables which describe the biophysical characteristics and 

problems of the respondents' properties. This subsection has 

been subdivided into two parts to facilitate reporting the 

results from the ANOVA tests : 

1 opinions on practicability of applying agroforestry 
practices 

2 opinions on success with applying agroforestry practices . 

6.3A.1 Opinions on Practicability of Applying Agroforestry Practices 

The variables described in the first part of this subsection 

have identified the extent to which the opinions of 

respondents' about the practicability of applying agroforestry 

practices differentiated them according to the three cluster 

groups. No other research in this country has evaluated farmer 

opinions about the practicability of applying specific 

agroforestry practices. However, similar work in other parts of 

this state and Australia has been identified which described 

the views of farmers about the benefits of such activities, as 

well as the extent to which these were reasons for their 



involvement in agroforestry. Assuming that if such practices 

were impracticable the farmers would not report them as 

benefits or include them as purposes for replanting or bush 

management, comparisons have been made between the results of 

this other research and the findings of the present study. 

Twenty-six (12 per cent) of the separate 209 analysis of 

variance tests created for this purpose were significant to at 

least the 10 per cent level. Of these ANOVA tests, fifteen (7 

per cent) were significant at the 5 per cent level and six (3 

per cent) at the 1 per cent level. These results, along with 

the analyses which were not correlated with agroforestry 

involvement, are reported in three separate tables. Each of 

these tables has between five and ten sets of variables 

describing the respondents' experiences with the following 

general types of agroforestry practices in the study area 

A bushland maintenance and regeneration, and plantation 
growing 

B wide-spaced trees, and shrub and tree growing for shade and 
shelter, salinity control, and drought fodder 

C shrub and tree growing for property value improvement, 
beautification, and water control. 

A fourth table (D) presents the results from the ANOVA tests on 

combinations of the previously tested variables in this 

subsection. These composite variables describe the relationship 

between agroforestry involvement and, for example, bush 

management, the practicability of plantations (native and 

exotic), shrub and tree growing for wind control, salinity, 

stock fodder, and property value improvement and aesthetics. 

6.3A. lA Practicability of Bushland Maintenance and Regeneration, and Plantation Growing 

Forty-one per cent of the 655 farmers in the Great Southern 

Tree Growing Survey indicated that it was either very or 

moderately practicable to maintain or regenerate bushlands 

located on waterways, ridges, poor, infertile sands and 

paddocks. The remainder either did not respond (35 per cent), 

or reported uncertainty about the practicability of these bush 

management practices (24 per cent) . 

Several estimates of the extent of native bushland clearing in 

the agricultural region of WA in 1990 have indicated that about 

80 per cent of the total area located in the 300 to 600mm 
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rainfall zone has been cleared. More detailed figures about the 

amount of bushland have not yet been made available by DAWA for 

the state as a whole, or the fifteen shires in the study area 

(Bicknell, 1991) . Hence this subsection of the present study 

contributes new information on how opinions about the 

practicability of applying agroforestry practices influence 

farmer involvement in maintaining and regenerating bushlands. 

The first eight sets of variables tested in this subsection 

have identified the extent to which there were statistical 

differences between the respondents' perspectives on the 

practicability of bush management on different parts of their 

properties, and growing plantations (Table 6.14). 

The following sets of bush management and plantation growing 

variables were found to be significantly associated with farmer 

involvement in agroforestry : 

• practicability of maintaining bush on ridges, rocks, poor, 
infertile sands, and paddocks 

• practicability of regenerating bush on poor, infertile 
sands 

• practicability of plantation growing. 

Practicability of Maintaining or Regenerating Bush on Ridges, Rocks, Poor, Infertile Sands, and Paddocks 

Involvement in agroforestry was found to have been associated 

with the respondents' opinions about maintaining existing 

bushland on sites other than along creeklines and waterways. 

The bush grazers/planters (cluster 1) and the bush 

fencers/planters (cluster 2) reported that maintaining exist ~. 

bushland was either not applicable or not practicable in their 

paddocks or on ridges, rocky outcrops, and poor, infertile 

sands. In contrast, the planters/bush fencers (cluster 3) were 

associated with having reported that it was either moderately 

or very practicable to maintain bushland on ridges and rocky 

outcrops, as well as on poor, infertile sands. While this 

cluster group found it practicable to maintain bush on poor, 

infertile sands, they were associated with reporting the 

opposite for regenerating bush on these s i tes (p = 0.081). 
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'Bush Grazers/ 'Bush Fencers/ 'Planters/ 
Planters' Planters' Bush Fencers' 
(Cluster (Cluster (Cluster Signif 

Variable No. One) Two) Three) F Prob -icant 
Description Responses Mean Mean Mean Value >F (0.10) 

Practiceble to maintain : bush along discherge ereas, watrrwsyd (1) 
•llY 433 OST 0.fl6 0.58 1.49 0.224 
modcnldy 433 0.22 0.18 0.22 0.3S 0.679 
not applicable 433 0.11 0.05 0.08 l.69 O.IS5 
mode:rate, oc very practicable (compoaitc) 433 0.80 O.S5 0.80 O.S2 0.440 
Predicable to meintain : bush on ridges, rocks? (2) 
VClfY 423 0.46 0.53 OAS 0 .65 0.522 
modcn.tdy 423 0.23 0.21 0.31 236 0.095 
not very 423 0.09 0.09 0.12 0.31 0.71:7 
not applic 423 0.15 0.13 0.05 3.53 0.030 
modcrat.c, or very practicable (composite) 423 0.70 0.74 0.80 1.73 0.17S 
Practicable to maintain : bush on poor, infertile tends? (3) 
vary 417 0.44 0A9 OAS 0.42 0.655 
moderately 417 0.19 0.20 0.2S 1.72 0.179 
not ve:y 417 0.12 0.06 0.11 1.68 0.186 
not applic 417 0.18 0.15 0.08 3.21 o.~1 
mcdcrat.c, or very practicable (canposite) 417 0.64 0.70 0.76 2.53 0.080 
Practicable lo maintain : bush in paddoclts? (4) 
veiy 421 0.32 0.30 0.31 O.D7 0.931 
modcnatdy 421 0.26 0.30 0.36 1.43 0.239 
not very 421 0.17 0.22 0.24 0.96 0.383 
not pncticablc 421 0.17 0.10 0.04 6.76 0.001 
moderate, or very practicable (compoaitc) 421 0.59 0.61 0.67 0.98 0.372 
not very, or not practicable (composite) 421 0.35 0.32 0.28 0.72 0.483 
Practicable to re~nrrate bush : diacharge areea and walerwayt? (5) 
very 423 0.39 0.40 0 .44 0.37 0.690 
moderately 423 0.24 0.27 0.25 0. lS 0.832 
not very 423 0.11 0.15 0.15 054 0.5S2 
not applic 423 0.14 0.10 0.(17 1.81 0.164 
moderate, or very practicable (compogite) 423 0.63 0.68 0.69 056 0.570 
Predicable to regenerate bush : ridges, rocks? (6) 
very 417 0.26 0.26 0.27 0.02 0.980 
moderately 417 0.24 0.28 0.33 1.29 0.274 
not very 417 0.17 0.19 0.18 O.Q7 0.923 
not practicable 417 0.13 0.08 0.11 0.95 0.386 
not applic 417 0.17 0.17 0.09 1.96 0.141 
moderate, or very practicable (canpoaitc) 417 0.50 0.55 0.60 1.31 0.269 
not very, or not ~acticable (compogit.c) 
Practicable to regenerate bush : on poor, inrertile sands? (7) 

417 0.30 0.27 0.29 0.19 0.825 

very 415 0.32 0.31 0.27 0.46 0.628 
very 415 0.15 0.22 0.25 2.21 0.110 
not very 415 0.18 0.15 0.26 2.52 0.081 
not pncticable 415 0.13 0.13 0.09 O.fi1 0.510 
not applic 415 0.19 0.15 0.11 1.70 0.183 
modcn.te, or very practicable (canposite) 415 OA7 054 052 O.fl6 0.516 
not very, or not ~acticable (compogite) 415 0.31 0.29 0.35 0.(fl 0.511 
Practicable to regenerate bush : in paddocks? (8) 
VClfY 421 0.lS 0.20 0.17 0.22 0.802 
moderately 421 0.20 0.21 0.26 0.91 0.400 
not very 421 0.23 0.27 0.29 0.78 0.455 
.not practicable 421 0.26 0.18 0.19 1.42 0.242 
not applic 421 0.10 0.11 0.06 1.21 0.299 
modcnte, or very practicable (canposite) 421 0.39 OA2 0.44 0.41 0.663 
not very, or not practicable (composite) 421 0.49 0.46 0.48 0.18 0.832 
Predicable • native plantations? (9) 
Vt:ll:'j 372 0.08 0.12 0.19 3.00 0.050 
modc:ntcly 372 0.20 0.19 0.23 0.1:7 0.760 
not very 372 0.2S 0.29 0.24 0.49 0.612 
not practicable 372 0.30 0.18 0.14 4.96 0.007 
not applic Tl2 0.13 0.19 0.16 0.79 0.454 
moderate, or very practicable (composite) Tl2 0.29 0.32 0.42 2.64 0.(172 
not very, or not practicable (composite) 372 0.56 0.47 038 3.65 0.026 
Practicability· pine plantations? (101 
Vt:ll:'j 370 0.06 0.08 0.09 052 0.592 
mcdcntcly 370 0.18 0.16 0.20 0.24 0.786 
not very 370 0.21 0.30 0.25 1.23 0.2Q3 
not pncticable 370 0.40 0.21 0.22 7.29 0.000 
not applic TIO 0.12 0.22 0.20 256 0.078 
modCTBt.c, or very practicable (c001poait.c) TIO 0.24 0.25 0.29 0.54 0.579 
not very, or oot practicable (compogit.c) 370 0.62 0.51 0.48 2.63 0.(173 
Practicability· eitotic plantetiona? (11) 
moderately 353 0.17 0.13 0.16 0.30 0.738 
not very 353 0.19 0.28 0.29 1.69 0.184 
not pncticable 353 0.40 0.28 0.19 6.15 0.002 
not applic 353 0.14 0.21 0.22 1.36 0.257 
moderate, or very practicable (compo3ile) 353 0.24 0.21 0.26 0.39 0.673 
not very, 'lr not ~actic:able (composite) 353 0.00 0.56 0.49 1.40 o .~6 

Source: Great Southern Tree Growing Survey, 1989 

Planlalion Growing 

The last three sets of variables in Table 6.14 have identified 

t he relationship between opinions about the practicability of 

growing plantations of different types of tree species and 

a groforestry involvement. Three variables have differentiated 

t he bush grazers/planters (cluster 1) from the other farmers at 

t he 1 per cent level by their having reported that plantations 

of either native species, pines or exotics were not practicable 
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on their properties. In a similar manner the bush 

fencers/planters (cluster 2) were associated with reporting 

that pine plantations were not applicable to their properties 

(p = 0.078). In contrast with the experiences of the first two 

cluster groups, the planters/bush fencers (cluster 3) stated 

that native plantations were very practicable on their 

properties (p = 0.050). Comparable Australian studies have not 

differentiated farmers according to their views on the 

practicability of plantation growing, but they have provided 

descriptive accounts on this subject (Malajczuk, et al. 1984; 

Reid, 1986; Soutar and Wallis, 1986). 

With regard to the variables in Table 6.14 which described 

opinions about the practicability of maintaining or 

regenerating existing bushland, none of the three cluster 

groups of farmers was differentiated from the others in 

relation to locations along discharge areas and waterways. 

About half of the respondents held opinions that it was either 

very practicable or moderately practicable to maintain or 

regenerate bush along such sites. Neither was involvement in 

agroforestry found to have been associated with the farmers' 

perspectives on the practicability of regenerating bushlands on 

paddocks, or ridges and rocks. Only one third of the 

respondents held views that this was either a moderately or 

very practicable agroforestry practice. 

These results were similar to other studies which reported 

reasonably high percentages of farmers identifying the general 

impracticability of agroforestry practices, whether for 

environmental or economic reasons (Dowling, 1985; Cary et al. 

1986; Howett and Lothian, 1988; Vanclay and Cary, 1989). 

However, previous research in other parts of this country has 

not identified differences between farmers' opinions about the 

practicability of either maintaining or regenerating existing 

bushlands on their properties. 

6.3A. IB Practicability of Wide-Spaced Trees, and Shrub and Tree Growing for Shade and Shelter, Salinity Control, Drought Fodder 

Having discussed in the previous subsection the study area 

farmers' opinions on the practicability of plantation growing, 

and bushland maintenance and regeneration, this second 

subsection reports on several other agroforestry practices. The 

312 



results of the analysis of variance tests are reported in Table 

6.15 on eight sets of variables which described the 

respondents' opinions with the practicability of (a) shrub and 

t ree growing for shade and shelter, salinity control and 

drought fodder production, and (b) wide-spaced trees in 

pastures. 

The literature review would have suggested that there were 

possible differences between farmers in their views about the 

practicability of these types of agroforestry practices. 

However, only two sets of variables differentiated the study 

area farmers according to their involvement in agroforestry : 

the practicability of shelterbelts, and wide-spaced trees in 

pastures or crops. 

The bush grazers/planters (cluster 1) were considerably less 

associated than the other respondents with reporting opinions 

that shelterbelts were either moderately or very practicable (p 

= 0.052). Likewise, this same cluster group was differentiated 

at the 5 per cent significance level from the other farmers in 

relation to having opinions that wide-spaced trees in pastures 

or crops were impracticable. These findings are similar to the 

previously reported perspectives of the bush grazers/planters 

about plantation growing, and bush management. Comparable 

studies have not been identified that differentiated groups of 

farmers in relation to their views about the practicability of 

growing shelterbelts or wide-spaced trees. 

There were no differences among the respondents with regard to 

the first two sets of variables in Table 6.15. This table 

describes their opinions about the practicability of windbreaks 

f or stock protection (for example, during lambing or off

shears), and the practicability of windbreaks for crop and soil 

protection. 

These two agroforestry practices, along with shelterbelts, were 

the most highly rated for practicability of all those evaluated 

in the survey. Sixty per cent of respondents reported that 

windbreaks for stock protection were either very practicable or 

moderately practicable, while 55 per cent said the same about 
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Variable No. 
Description Responses 

Practicability - windbreaks : stock? (12) 
very 415 
moderat.dy 415 
moderate, or very practicable (canposile) 415 
Practicability - windbreaks: crops, S<>il? (13) 
very 408 
modcmdy 408 
~very 408 
not practicable 408 
not applic 408 
moderate, or very p:acticable (compoaiic) 408 
not very, or aot practicable (composite) 408 
Practicability - shelterbelt.? (14) 
very 403 
modemtcly 403 
moderate, or very practicable (composite) 403 
Predicebility - plentlng1 on se.ltland vs. sit! (15) 
very 385 
mcderat.dy 385 
not awlic 385 
moderate, or very prlk:ticable (composite) 385 
Practicability- planting1 on catchment? (16) 
very TI2 
modcratdy TI2 
not very TI2 
notawlic 372 
modClllte, or very practicable (canposile) TI2 
Precllcebility - 1altbush, etc. fodder? (17) 
very TI2 
modaat.dy TI2 
~very m 
notapplic 372 
moderate, or very p:acticablc (ccmposiie) 372 

'Bush Grazers/ 
Planters' 
(Cluster 

One) 
Mean 

0.66 
0.27 
0.94 

0.58 
0.30 
0.04 
0.04 
0.03 
0.88 
0.08 

0.62 
0.25 
0.87 

0.44 
0.20 
0.22 
0.65 

0.26 
0.23 
0.11 
0.26 
0.50 

0.22 
0.23 
0.15 
0.27 
0.45 

Practicability - t.ag&11aste or other tree crops for stock fodder? (18) 
very 362 
modaatdy 362 
not very 362 
not practice ble 362 
not applic 362 
modClllte, a very practicable (oompoaile) 362 
not very, or not practicable (composite) 362 
Practicability - wide-1p11ced Ire~ in puetures or crops? (19) 
very 359 
moderately 359 
not very 359 
not practicable 359 
not applic 359 
moderate, or very practicable (compoaitc) 359 
not very, or not practicable (composite) 359 

0.20 
0.33 
0.21 
0.09 
0.12 
0.54 
0.31 

0.10 
0.17 
0.31 
0.25 
0.13 
0.27 
0.56 

Bush Fencers/ 
Planters' 
(Cluster 

Two) 
Mean 

0.75 
0.19 
0.94 

0.64 
0.24 
0.05 
0.02 
0.02 
0.89 
0.08 

0.6'J 
0.25 
0.95 

0.52 
0.22 
0.19 
0.75 

0..34 
0.27 
0.10 
0.21 
0.61 

0.22 
0.22 
0.16 
0.25 
0.45 

0.26 
0.25 
0.20 
0.12 
0.14 
0.51 
0.32 

0.15 
0.18 
0.26 
0.18 
0.18 
0..34 
0.44 

Source: Great Southern Tree Growing Survey, 1989 

Planters/ 
Bush Fencers' 

(Cluster 
Three) 
Mean 

0.73 
0.21 
0.95 

0.62 
0.27 
0.02 
0.05 
0.01 
0.90 
0.08 

0.64 
0.29 
0.94 

0.50 
0.21 
0.20 
0.71 

0.30 
0.25 
0.15 
0.22 
0.55 

0.26 
0.25 
0.11 
0.28 
0.51 

0.29 
0.27 
0.17 
0.11 
0.12 
0.56 
0.29 

0.11 
0.23 
0.22 
0.16 
0.24 
0.35 
038 

F 
Value 

1.24 
134 
0.02 

050 
0.47 
0.52 
0.57 
0.45 
O.ll 
0.00 

0.73 
0.35 
2.97 

0.93 
0.02 
0.24 
1.47 

0.86 
0.23 
0.87 
0.51 
l.68 

0.27 
O.Jl 
0.54 
0.12 
0.53 

0.99 
0.91 
031 
0.19 
0.15 
0.26 
0.17 

097 
0.87 
1.21 
1.81 
2.20 
0.94 
4.16 

Prob 
>F 

0.288 
0.263 
0.974 

0.604 
0.621 
0.592 
0.563 
0.636 
0.888 
0.999 

0.479 
0.698 
0.052 

0.393 
0.974 
0.786 
0.230 

0.421 
0.788 
0.417 
0.598 
0.187 

0.763 
0.890 
0.580 
0.883 
0.588 

0.372 
0.400 
0.727 
0.825 
0.853 
0.764 
0.843 

0.379 
0.4 18 
0.296 
0.164 
0.111 
0.390 
0.016 

Sign if 
-kant 
(0.10) 

windbreak plantings for crops and soil. These findings reflect 

research in this and other states of Australia which has 

identified that farmers highly ranked plantings for shade and 

shelter as reasons for involvement in agroforestry. For 

example, Reid (1986) reported that innovative farmers involved 

with agroforestry in different parts of this country ranked the 

provision of wind shelter for stock and crops as the main 

advantage of agrof orestry systems over more conventional tree 

growing and agricultural methods. 

No association with agroforestry involvement was also found 

between the next three sets of variables in Table 6.15 which 

identified respondents' opinions about the practicability of 

salinity control plantings. Only 27 per cent of respondents 

reported that they found it either moderately or very 

practicable to plant saltbush or other salt tolerant shrubs for 
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salinity control and stock fodder. Somewhat more, 32 per cent, 

indicated their having had the same experience with growing 

shrubs or trees on the higher water catchment or recharge sites 

to reduce salinity. These findings about the impracticability 

of shrub and tree growing for salinity control reflect the 

results of other research which has identified that such 

plantings were not highly ranked as reasons for agrof orestry 

involvement. In three separate studies Australian farmers 

ranked salinity control as a less important reason for their 

involvement in agroforestry, behind general soil erosion 

control, and wind shelter (Reid, 1986), behind beautification, 

shade and shelter (Vanclay and Cary, 1989), and behind shade 

and shelter, and aesthetics (Fry and Goss, 1985). 

The farmers were likewise not differentiated according to the 

three cluster groups in relation to their opinions about the 

practicability of growing tagasaste or other dryland tree crops 

for stock fodder. Only 30 per cent of respondents were of the 

opinion that this agrof orestry practice was either moderately 

or very practicable. 

6.lA.lC Practicability of Shrub and Tree Growing for Property Value Improvement, Beautfication and Wate.r Control. 

Five sets of variables have been used to describe the 

relationship between involvement in agroforestry and opinions 

on the practicability of shrub and tree growing for property 

value improvement, aesthetics and water control (Table 6.16). 

Even though the literature review would have suggested 

otherwise, in only one instance did the variables which were 

tested differentiate the study farmers according to their 

agroforestry involvement. The planters/bush fencers (cluster 3) 

were associated with reporting the opinion that it was 

moderately practicable to plant trees or shrubs for property 

beautification (p = 0.059) . 

With regard to the other sets of variables tested in Table 

6.16, the farmers were not differentiated in relation to 

opinions about the practicability of applying agroforestry 

practices for increasing their property values. Forty-two per 

cent of respondents indicated that such plantings were neither 

moderately nor very practicable. While no comparative 

information has yet become available in this country about the 
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practicability of plantings for property value improvement, 

studies in other states have identified that farmers attached 

the attribute of property value improvement to tree growing. 

These findings have been reported in South Australia (Dowling, 

1985; Howett and Lothian, 1988), Victoria (Vanclay and Cary, 

1989; Woolcott, 1990), and generally in Australia amongst 

agroforestry innovators (Reid, 1986). The importance of 

property value improvement reported by farmers in these studies 

was considerably less than for shade and shelter. 

'Bush Grazers/ 'Bush Fencers/ 'Planters/ 
Planters' Planters' Bush Fencers' 
(Cluster (Cluster (Cluster Sign if 

Variable No. One) Two) Three) F Prob -icant 
Description Responses .Mean Mean Mean Value >F (0.10) 

Practicability - planting:1: to increalll! propuly velue'l' 
very 386 0.35 0.31 0.32 0.25 0.776 
moderatdy 386 0.36 0.40 0.38 0.25 0.776 
not very 386 0.12 0.12 0.13 0.05 0.949 
not practicable 386 0.09 o.cn 0.09 0.23 0.788 
moderate, or very practicable (campo&ite) 386 0.71 0.71 0.71 0.00 0.995 
not very, OJ not practicable (composite) 386 0.22 0.19 0.22 0.23 0.787 
Precticabilily - plantings: to incrl!a!ll! propt!rly beeuty'l' 
very 433 0.36 0.30 0.32 0.52 0.594 
modoratdy 433 0.28 0.39 0.40 2.84 0.059 
not very 433 0.10 0.10 0 .07 0.44 0.638 
moderate. or very practicable (cooiposilc) 433 0.64 0.69 0.73 l.25 0.286 
Practicability - ornwn. shad'!, shelter'l' 
very 383 0.54 0.53 0.49 0.35 0.700 
modrntdy 383 0.32 0.37 0.41 1.11 0.329 
modc:rate, or very pnr,ticable (campoaite) 383 0.86 0.90 0.90 0.72 0.485 
Practicability • wett!rloglling control'l' 
very 370 0.25 0.29 0.31 0.45 0.632 
modcrat.cly 370 0.30 0.28 0.32 0.15 0.854 
not very 370 0.13 0.12 0.11 0.13 0.873 
not applic 370 0.18 0.21 0.20 0.13 0.877 
modc:ratc, or very practicable (composite) 370 0.55 0.58 0.63 0.70 0.492 
Practicability - water erosion control'! 
very 377 0.31 0..30 0.34 0.31 0.730 
moderately 377 0.26 0.29 0.33 0.63 0.532 
not very 377 0.12 0.13 0.09 0.52 0.591 
not applic 377 0.17 0.20 0.14 0.74 0.476 
moderate, CJl" very pncticablc kcmpoaite) 377 0.58 0.60 0.68 IA3 0.238 

Source: Great Southern Tree Growing Survey, 1989 

Similarly, no association with involvement in agroforestry was 

identified for an aesthetics and conservation-related 

objective, the growing of ornamentals for homestead shade and 

shelter. Forty-seven per cent of respondents hold the opinion 

that plantings to increase their property's beauty were either 

moderately or very practicable, while 52 per cent indicated the 

same level of practicability for homestead plantings of 

ornamentals . 

Hence the results of the ANOVA tests in Table 6.16 have 

described opinions on the practicability level of agroforestry 

practices for aesthetic purposes, as was done for several sets 

of similar non-economic bush management practices in Table 

6.14. Small percentages of farmers reported the practicability 
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of either of these two types of practices. These results are 

comparable with the findings of similar research about the 

purposes for using these practices in Western Australia and 

other states. However, a survey of South Australian farmers 

found that environmental benefits, which included both 

aesthetics and wildlife habitat improvement, were the main 

perceived benefits of tree revegetation by an average of 62 per 

cent of respondents (Dowling, 1985). In contrast, Coates (1987) 

found that although 81 per cent of the farmers in her survey of 

the wheatbelt of Western Australia were interested in 

replanting, and 61 per cent preferred to use native species, 

aesthetics and conservation of native vegetation were amongst 

the least favoured purposes for replanting. 

In another Western Australian wheatbelt study, Fry and Goss 

(1985) suggested that a mixture of aesthetics, conservation of 

natural flora, and shade and shelter were the main reasons for 

the retention of potentially clearable land for shelter belts. 

With regard to the role of aesthetic reasons for motivating 

tree planting, their listing of this as the most frequently 

reported reason by farmers has caused mis-interpretation of 

their survey results. Coates (1987) reported that Fry and Goss 

(1985) had found that farmers were likely to cite aesthetics as 

a reason for replanting. However, re-interpretation of their 

data has indicated that provision of shade and shelter was the 

major reason for tree planting. Sixty-seven per cent of farmers 

in the survey of Fry and Goss (1985) favoured plantings for 

shade and shelter, followed by only 22 per cent who reported 

aesthetics, 17 per cent salinity control, and 15 per cent other 

objectives. These changes to their results have been the 

outcome of combining the reasons for tree planting into a 

single category which has been widely used in previous research 

both in this state, other parts of this country and overseas 

called 'shade and shelter plantings' (Cary et al. 1986; Coates, 

1987; Cook and Grut, 1989; MacDicken and Vergara, 1990). The 

reasons originally listed separately by Fry and Goss (1985) 

were (1) 'wind break - preventing wind erosion', (2) 'wind 

break - stock shelter belt' and (3) 'shade - stock shelter'. 

The results of this aspect of their survey would then have been 

more consistent with the other Western Australian wheatbelt 
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findings of Coates (1987), as well as the present study which 

had both a larger sample size and survey area in the state than 

either of these two other farmer surveys. 

Likewise, similar research in other parts of this country has 

not identified aesthetic and bush management practices as 

having been either major advantages, or purposes for tree 

planting (Craig et al. 1983; Cary et al. 1986; Reid, 1986; 

Coates, 1987; Howett and Lothian, 1988; Woolcott Research, 

1990). The findings of these studies therefore reflect the 

general impracticability of aesthetic and bush management 

practices for considerably more Australian farmers than those 

in the present study. The importance of this issue for the 

present study is implicit in the classification of farmer 

involvement in agroforestry which has been described in the 

second chapter. Bush management practices, along with shrub and 

tree growing practices, and other serial variables were the 

main determinants of involvement in agroforestry which 

differentiated the respondents into discrete cluster groups. 

At the bottom of Table 6.16 are the results of the last four 

sets of variables which describe the relationship between 

agroforestry involvement and plantings for waterlogging and 

water erosion control. Less than 40 per cent of survey 

respondents were of the opinion that applying these practices 

was either moderately or very practicable. A similar low 

ranking of the importance for the latter practice has been 

reported for the Western Australian wheatbelt (Fry and Goss, 

1985), while no other studies have specifically nominated 

waterlogging control as an objective or benefit from 

agroforestry. However, salinity control practices have been 

reported as highly important practices on farms in this state 

(Fry and Goss, 1985; Coates, 1987), South Australia (Dowling, 

1985), Victoria (Vanclay and Cary, 1989), and generally in 

Australia amongst innovators in agroforestry (Reid, 1986) . In 

contrast, the small percentage of farmers in the present study 

who reported the practicability of plantings to control 

waterlogging were similar to farmers reported in other 

Australian research which also had found these practices not to 

have been highly important (Cary et al. 1986; Howett and 

Lothian, 1988; Woolcott, 1990). 
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6.3A.1 D Composite Variables 

In Table 6.17 the results are reported for the analysis of 

variance tests on nine sets of variables which are combinations 

of previously tested individual variables in this section. 

These composite variables therefore describe the relationship 

between involvement in agroforestry and, for example, the 

respondents' opinions about similar types of practices for bush 

management, plantations, windbreaks and shelterbelts, salinity 

and water control, stock fodder, and aesthetics. 

In three sets of composite variables the respondents were 

associated with reporting their opinions about practices which 

statistically differentiated them from the other farmers. These 

composite variables have identified broader aspects of the 

relationship between the respondents' involvement in 

agroforestry and their experiences with the practicability of 

applying agroforestry practices than the individual variables 

had previously done. These broader aspects are : 

• plantation tree growing 
• agrof orestry practices except property value improvement 

and aesthetics 
• plantations of native species and wildlife corridors. 

While the other six sets of composite variables were not found 

to be significantly associated with agroforestry involvement, 

these findings do indicate that farmers do not have widely 

differing views about their practicability in the study area. 

The first set of significant composite variables has described 

plantations of all types, whether they were comprised of pines, 

native species or species exotic to Western Australia. The 

planters/bush fencers (cluster 3) were associated at the 5 per 

cent level with having reported that plantations of these types 

were either moderately or very practicable. These farmers had 

previously been differentiated from the other respondents for 

having indicated they had the same two experiences with the 

practicability of only native plantations. 
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'Bush Grazers/ 'Bush Fencers/ Planters/ 
Planters' Planters' Bush Fencers' 
(Cluster (Cluster (Cluster Signif 

Variable No. One) Two) Three) F Prob -icant 
Description Responses Mean Mean Mean Value >F (0.10) 

Precticability - plenlstions or ell types1 
0.19 0.25 3.67 0.026 very 375 0.11 

modus:tdy 375 0.32 0.31 0.40 1.18 0.306 
Dot very 375 0.35 0.45 0.43 1.33 0.263 
not practicable 375 0.47 0.36 0.30 3.69 0.025 
do Dot !mow 375 0.00 0.00 0.02 1.79 0. 167 
moderate, or vc:ry practicable (cc:mposile) 375 0.40 0.45 0.57 4.01 0.018 
Doi very, or Dot practicable (cooipoaite) 375 0.71 0.70 0.64 1.02 0.361 
Practicability - windbreaks., ahelterbelts for ell r~a90fls1 

0.73 1.15 0.316 very 421 0.72 0.80 
moderately 421 0.40 0.37 0.34 0.48 0.616 
Doi very 421 0.06 0.08 0.03 l.32 0.268 
not practicable 421 0.04 0.02 0.06 1.14 0.319 
not applic 421 0.04 0.04 0.02 0.83 0.435 
moderate- or ve.cy tneticable (canpoailc) 421 0.95 0.98 0.95 1.45 0.234 
not very, or not pncticable (ca:npoaite) 421 0.10 0.10 0.09 0.04 0.959 
Practicability - salinity control plantings or ell typea1 
very 393 0.44 0.55 0.52 1.39 0.248 
modaatcly 393 0.32 0.35 0.32 0.18 0.835 
not very 393 0.12 0.10 0.16 1.06 0.344 
not praclica ble 393 0.11 0.06 0.08 1.19 0.302 
Doi applic 393 O.TI 0.23 0.24 0.26 0.770 
do not !mow 393 0.00 0.01 0.00 0.20 0.819 
moderate, or vc:ry practicable (ccmpoaite) 393 0.68 0.78 0.76 1.75 0.175 
Doi very, or not pncticable (composite) 393 0.24 0.16 0.23 1.43 0.240 
Practicability - stock fodder plenting9 on selUand and non-saltlBDd1 
very 381 0.30 0.34 0.35 0.30 0.735 
moderately 381 0.44 0.38 0.38 0.63 0.531 
not very 381 O.TI O.TI 0.21 0.88 0.413 
not practica blc 381 0.11 0.17 0.14 0.96 0.382 
notapplic 381 0.30 0.30 0.28 OJ3 0.875 
dooot lmow 381 0.03 0.03 0.02 0.24 0.784 
modcrate. or vc:ry tneticable (compo1ite) 381 0.67 0.66 0.68 0.09 0.908 
not vuy, or not pncticable (c;cmpoaitc) 381 0.37 0.42 0.34 0.98 0.375 
Practicability - egrolore1try practices, except 
property value improvement end aesthetics! 
very 359 0.82 0.87 0.81 1.13 0.323 
moderately 359 0.77 0.73 0.78 0.57 0.564 
not very 359 0.59 0.67 0.60 1.00 0.366 
not prx:ticabl.e 359 0.55 0.50 0.44 1.38 0.252 
not apptic 359 0.46 0.52 0.46 0.51 0.596 
dooot !mow 359 0.04 0.04 O.Q3 0.13 0.873 
modClllte, or ve.cy practicable (cunpoaite) 359 0.9 1.0 1.0 4.72 0.009 
not vuy, or not practicable (COIDJl"Site) 359 0.83 0.85 0.76 1.97 0. 141 
Practicability - plantings for property value improvement and eeathetica1 
very 397 O.liO 055 054 0.41 0.660 
mod.-tdy 397 0.51 0.54 0.61 1.47 0.229 
not very 397 0.15 0.16 0.14 0.18 0.835 
not pr11Clicable 397 0.10 o.cn 0.14 t.57 0.209 
not applic 397 o.cn 0.08 0.05 0.30 0.739 
do not know 397 0.00 0.00 0.00 l.15 0.316 
moderate, or vuy pncticable {ca:npoaite) 397 0.90 0.93 0.94 0.78 0.457 
Doi very, or not pnc;ticablc (composite) 397 0.24 0.23 0.26 0.20 0.816 
3Practicability - plantings for waterlogsing and water erosion control1 
very 382 0.35 0.36 0.39 O.TI 0.762 
moderately 382 0.35 0.36 0.43 0.99 0.369 
not ve.cy 382 0.17 0.17 0.13 0.37 0.686 
not praclicabl e 382 0.12 0.10 o.rn 0.85 0.425 
not applic 382 0.23 0.27 0.21 0.59 0.553 
do not know 382 0.00 0.00 0.02 1.76 0.173 
modcratc_ or very practicable (composite) 382 O.liO 0.63 0.66 OA7 0.620 
Dot very, or not practicable (c;ampoaite) 382 0.27 0.24 0.19 1.10 0.331 
Practicability - bush management: wildlire 
corridors, regenerating bushlands1 
very 376 0.24 0.33 0.29 1.14 0.318 
modenildy 376 0.41 0.42 0.37 0.40 0.666 
not very 376 0.28 0.29 0.31 0.16 0.844 
not practicable: 376 0.25 0.21 0.22 0.27 0.759 
not apptic 376 0.20 0.18 0.16 0.26 0.766 
do not know 376 0.01 0 .00 O.Ql 1.13 0.321 
moderate, or very incticable (ccmpoaite) 376 0.63 0.67 0.62 0.35 0.702 
not very, or not i:ncticable (composite) 376 0.48 0.49 0.50 0.05 0.9+5 
Practicability • native plantations, wildlire corridors? 
very 368 0.13 0.28 0.31 6.15 0.008 

Source: Great Southern Tree Growing Survey, 1989 

With regard to the second set of composite variables which has 

differentiated the respondents, the bush fencers/planters and 

the planters/bush fencers have been equally associated at the 1 

per cent level with having opinions that all agroforestry 

practices, with the exception of plantings for property value 

improvement and aesthetics, were either moderately or very 

practicable. In addition, the composite variable that describ e d 

the growing of native plantations and establishment of wildlife 
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corridors also differentiated the planters/bush fencers at the 

5 per cent level from the other farmers. The bush 

fencers/planters and the planters/bush fencers have been 

differentiated at the 5 per cent level from the bush 

grazers/planters by their having opinions that (1) plantations 

of all types, (2) agroforestry practices other than plantings 

for property value improvement and aesthetics, and (3) 

plantations of native species and wildlife corridors were 

either moderately or very practicable. 

6.3A.2 Opionions on Success with Applying Agroforestry Practices 

The previous subsection has reported the results from analysis 

of variance tests into the impact of the respondents perceived 

practicability of applying agroforestry practices on their 

involvement with these practices in the study area. The second 

part of this subsection describes the impact on agroforestry 

involvement of the farmers' opinions about their relative 

levels of success with applying bush management, and shrub and 

tree growing practices. 

In only a few instances have studies been identified which 

provided relevant information about farmer opinions on their 

success with applying agroforestry practices. The most 

comparable evaluation of farmers' success with applying 

agrof orestry practices was undertaken in South Australia 

(Howett and Lothian, 1988) . However, no studies, other than the 

present one, have evaluated the impact of success with applying 

bush management, and shrub and tree growing practices on farmer 

involvement in agroforestry. Description of this aspect of the 

respondents' experiences with applying agroforestry practices 

has provided an initial indication of the extent to which the 

varying types of these land-use practices have been integrated 

into broadacre farming in the study area. 

The results of these ANOVA tests about the impact of farmers' 

opinions on their success with applying bush management, and 

shrub and tree growing practices are reported in two tables. 

The first eleven sets of variables are found in Table 6.18. 

Of 137 variables tested for significance with involvement in 

agroforestry, 31 were significant to at least the 10 per cent 
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level, 21 were significant at the 5 per cent level and only 4 

at the 1 per cent level. The sets of success-related variables 

which differentiated the study area farmers describe their 

perspectives on : 

• the major tree problems 
• overall success, success related to others, and to income 
• weed control problems. 

While the other sets of variables in Table 6.18 could have had 

some impact on involvement in agroforestry, the respondents 

were not found to have been statistically associated with them. 

These results will be compared with other studies in this 

country and other industrialised countries wherever relevant. 

The Major Tree Growing Problems 

The set of variables in Table 6.18 which identified the major 

problems experienced with farm tree growing statistically 

differentiated the respondents according to the three 

categories of involvement. The bush fencers/planters (cluster 

2) were associated at the 1 per cent level with having opinions 

that they experienced no major problems with growing farm 

trees. These findings were somewhat consistent with research in 

Victoria which correlated a reported lack of tree growing 

problems with the farmers who were least experienced with this 

activity (Vanclay and Cary, 1989). In the present study, 

however, the bush fencers/planters were not the least involved 

of all respondents in agroforestry, having become more involved 

with these practices since 1987 than the bush grazers/planters, 

but less than the planters/bush fencers. 

Overall Success, Success Related to Others. and to Income 

In addition, three sets of variables also differentiated the 

respondents in relation to (1) the farmers' opinions on 

overall success with growing trees in relation to growth and 

survival rates, ( 2) their success related to others in the 

area, and (3) their success in terms of dollars earned or other 

benefits. In the present study the bush fencers/planters 

(cluster 2) were associated at the five per cent level with 

having opinions that they were very successful with 

agroforestry, both overall and in relation to others in their 

area. The bush fencers/planters (cluster 2) were also 

differentiated from the other respondents in relation to their 
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being less likely to report having no success with 

agroforestry, according to dollars earned or other benefits (p 

= 0.064). A similar study in South Australia found that 43 per 

cent of farmers considered that the costs outweighed the 

benefits of tree growing, and 51 per cent reported that trees 

provided financial benefits (Howett and Lothian, 1988) . 

'Bush Grazers/ 'Bush Fencers/ 'Planters/ 
Planters' Planters' Bush Fencers' 
(Cluster (Cluster (Cluster Signif 

Variable No. One) Two) Three) F Prob -icant 
Description Responses Mean Mean Mean Value >F (0.10) 

RelltOne trees planted by previous ownrrs? 
windbreaks 129 0.52 0.51 0.61 0.53 0.585 
aeathctics 129 0.59 0.60 0.47 0.88 0.417 
Major problem experien~d wiCh w-owing rerm treed 
iluccl.3, pcal.3, weeda, diJcaaes 498 0.56 0.49 0.54 1.02 0.360 
finance, or time 498 0.06 0.08 0.10 l.16 0.312 
a&ock, o: fmcing 498 0.19 0.16 0.21 0 .77 0.460 
drougbl 498 0.34 0.34 0.35 0.02 0.977 
no major problem 498 0.04 0.11 0.00 5.19 0.005 
oquipmcnt 498 0.02 0.03 0.02 0.22 0 .797 
water, salt, wial, aand (caupoaite) 498 0.06 0.06 0.04 0.54 0.578 
drought 498 0.40 0.42 0.40 0.10 0.901 
What do you nttd to assist in planting, managing trees' 
mae knowledge 419 0.28 0.31 0.24 0.89 0.410 
finance 419 0.62 0.68 0.66 0.51 0.595 
mac Lime 419 0.28 o:n 0.26 o.cn 0.927 
other 419 0.46 0.39 0.46 0.84 0.432 
mac knowledge, finance (compoaite) 419 0.74 0.77 0.73 0.28 0.753 
A11roforeltry succus owirall? . ., 446 0.10 0 .20 0.12 4.09 0.017 
modcnte 446 0.64 0.60 0.65 0.40 0.667 
no<vuy 446 0.19 0.13 0.16 0.77 0.459 
weiy, or modClllte (composite) 446 0.74 0.81 0 .77 1.17 0.309 
Agroforeltry succea • rt>lated to others? 
•eiy 433 0.15 0.23 0.12 3.53 0.030 
modcnte 433 O.fiO 0.58 0.62 0.20 0.813 
not very 433 0.12 0.09 0.12 0.47 0.620 
loo c:arly to tell 433 0.10 0.08 0.10 0.28 0.754 
very oc moderate (cauposite) 433 0.75 0.82 0.74 1.48 0.228 
Agroforeatry success - doll era eerned7 
vary 402 O.Cl'J 0 .07 0.04 1.04 0.353 
moderate 402 0.17 0.23 0.22 0.94 0.391 
not very 402 0.20 0.15 0.17 0.54 0.580 
no1ucccas 402 0.16 0 .07 0.14 2.75 0.064 
loo early to tell 402 0.34 0.43 0.39 1.16 0.314 
vrzy or moderate (compo1itc) 402 0.26 0.31 o.:n 0.50 0.6C17 
not very, or no sucan (compOllite) 402 0.36 0.23 0.31 3.12 0.044 
Any quantitative re11Ult1 or 434 0.08 0.03 0.04 1.36 0.256 
financial estimate• on the effecta 
of having trt>es on your property? 

Ha•e you n ·t'r initiated a 444 0.08 0.12 0.JO 0.47 0.621 
iteminer or field day on treed 

Overall experienef with the following problem· drought? 
ac.rioua problem 415 0.28 0.20 0.29 l.92 0.147 
medium problem 415 0.29 0.28 0.29 O.Q3 0.969 
m.mor 415 0.25 0.31 0.25 0.76 0.464 
medium or se.riow problem (ccmpoaite) 415 0.57 0.48 0.59 1.89 0.151 
minor or not a problem (canpoeite) 415 0.33 0.40 0.33 1.03 0.355 
Problem • suitable 1pecie1? 
medium problem 331 0.09 0.13 0. 12 0.35 0.701 
minor 331 0.2.4 0.18 0.18 0.75 0 .470 
not a problem 331 0.48 0.50 0.61 2.17 0 .114 
do not know 331 0.00 0.00 0 .00 0.54 0.581 
medium. or aeriow problem (cc:mpoaite) 331 0.15 0.20 0.13 0.99 0.370 
minor, or not a problem (composite) 331 0.72 0.68 0.79 J.67 0.189 
not a problem, a not applic. (composite) 331 0.59 0.59 0 .68 l.18 0.307 
Problrm - wet'ds7 
ac.riow problem 403 0.05 0.14 0.08 3.77 0.023 
medium problem 403 0.20 0.23 0.2.4 0.39 0.671 
minor 403 037 0.31 0.34 0 .60 0.546 
not a problem 403 0.29 0.20 0.25 1.20 0.300 
medium. or seriOWI problem (cc:mpo1ite) 403 0.25 0.38 0.33 278 0.063 
minor, or nor a problem (composite) 403 0.66 0.52 0.59 2.% 0.052 
not a problem, or not applic. (compoaite) 403 0.37 0 .29 0.31 0.94 0.390 
not applic, or do not know lccmpoaite I 403 0.08 O.Cl'J 0.07 0.19 0.825 

Source: Great Southern Tree Growing Survey, 1989 

Weed Corttrol Problems 

Weed control problems were found to have differentiated the 

involvement of farmers in agroforestry. Serious weed control 

problems were associated at the 5 per cent significance level 
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with the tree growing experiences of the bush fencers/planters . 

In contrast, the farmers who have generally been least involved 

with applying the varying types of agroforestry, the bush 

grazers/planters, were differentiate~ from the other farmers in 

relation to weeds having been either a minor problem, or not a 

problem (p ~ 0.052). While the bush fencers/planters 

acknowledged that weeds were a problem, it is possible that the 

planters/bush fencers (cluster 3) may have managed to resolve 

weed control problems. It is likely that the bush 

grazers/planters were either unaware of, or unwilling to admit 

that weeds affected the success of their shrub and tree 

growing. Similar reporting problems have been identified by the 

present study, as well as in research by others. In conjunction 

with Table 6.20 these issues are discussed in relation to 

insects and other pests . 

Problems with weeds, along with several others, had been 

identified during the survey pre-testing phase. No previous 

research in the study area as a whole had yet described 

farmers' opinions about resolving agroforestry-related 

problems. However, one reasonably comparable study in the 

Western Australian wheatbelt, which also included several 

shires in the northern part of the study area, had identified 

that the control of fire hazards, vermin and feral animals were 

problems associated with farmers' attitudes towards managing 

native vegetation on farms (Coates, 1987) . Similar surveys have 

reported these problems, as well as a range of others 

associated with applying agroforestry practices in South 

Australia (Dowling, 1985; Howett and Lothian, 1988), Victoria 

(Cary et al. 1986; Vanclay and Cary, 1989; Woolcott Research, 

1990), Queensland (Lesleighter and Shelton, 1986), and in 

Australia generally (Reid and Wilson, 1985). 

While the influence of tree plantings by previous property 

owners (Table 6.18) might possibly have had some impact on 

survey respondents' involvement in agroforestry, there was no 

correlation found in the study area. No other research has been 

identified which evaluated the impact of this on involvement in 

agroforestry. With only 14 per cent of respondents having 

reported that windbreaks for shade and shelter were the reasons 

for plantings by previous owners, even less (12 per cent) 

324 



Nmnber of 
Mentions 

400 

300 

200 

100 

0 lli~ll 
Financial More 
Incentives Knowledge, 

Advice 

lllllliilli 
Time 

No Response= 236 

lxx%l Percentage of total mentions 

!li~j1lll 
Pest/Disease No Need Other 

Control 

Figure 6.4: Tree growing needs identified in the study area 
Source : Great Southern Tree Growing Survey, 1989 

indicated that aesthetics plantings were the most common. 

Eighty per cent of respondents did not respond to this 

question. These results, albeit on a limited sample of 

respondents, indicate the limited extent to which this variable 

has influenced farmer involvement in agroforestry. 

The next set of variables which had no impact on involvement 

has described the general tree growing and management needs of 

farmers. These results provide another indication of the extent 

to which the respondents had successfully overcome problems 

with applying agroforestry practices. Involvement was not 

associated with any of the respondents' specific needs for 

assistance with growing and managing trees on their properties. 

With regard to these needs in the study area, 236 respondents 

(36 per cent) did not respond to the question. With the 

possibility of mentioning the same type of need more than once, 

the total number of mentions of those who did report having 

tree growing needs are reported in Figure 6.4. 

Financial incentives were clearly mentioned the most often by 

respondents (50 per cent of total), followed by 'more knowledge 



and advice' (14 per cent), 'more time' (13 per cent), 'pest and 

disease control' (12 per cent), 'no need' (8 per cent), and 

'other' needs such as more rainfall, better water supplies, a 

infrastructure (3 per cent) . These findings contrast with 

research in Scotland, where farmers were found to have been so 

uninterested in forestry that they had practically no interest 

in financial incentives (Scambler, 1989). The results of the 

present study have, however, compared favourably with research 

about farmers in Victoria (Cary et al. 1986). That study 

reported how progressive farmers in the Potter Farmland Trust 

primarily desired financial incentives, followed by technical 

advice, especially about whole farm planning and tree growing. 

Hence this special group of Victorian farmers were found to 

have ranked their tree growing needs in a similar manner to the 

respondents in the present study. 

Several other Australian studies on this subject were also 

found relevant to the present research. The findings of the 

present study were similar to those of Coates (1987) who 

reported that farmers nominated financial incentives for 

fencing as the most effective form of government assistance for 

the retention of native vegetation on Western Australian 

wheatbelt farms. In contrast, Fry and Goss (1985) reported that 

wheatbelt farmers preferred a minimal role for government in 

general soil conservation. According to their findings, the 

government was expected to provide leadership, education and a 

research input, while the farmers' responsibilities were for 

their own land. In one South Australian study, similar findinqs 

to those of Coates (1987) were reported. Fencing rebates and 

tax incentives were the most frequently listed needs of farmers 

for tree establishment (Howett and Lothian, 1988) . An earlier 

survey in South Australia, however, had identified that 84 per 

cent of farmers needed a supply of seeds or seedlings, followed 

by 44 per cent who needed financial incentives (Dowling, 1985) . 

In another study of farmers in Victoria, the majority of 

farmers interviewed were 'curious about different techniques 

(about tree growing) used overseas and next door,' as well as 

interested in whole farm planning (Woolcott Research, 1990). 

Victorian farmers also reported that their main need for 

assistance with growing and managing trees was protection from 

326 



vermin, followed by remuneration for the associated financial 

expenses and time requirements (Vanclay and Cary, 1989) . The 

innovative Australian farmers who were already involved in 

agrof orestry reported that they needed improved tree varieties 

and species, followed by information on the economics of 

agroforestry, and more field days and extension in general 

(Reid, 1986) . The low level of adoption of the fodder shrub, 

Leucaena, in Queensland has been associated with lack of 

information about it (Lesleighter and Shelton, 1986). 

As for the tree growing and management needs of farmers, Table 

6.18 shows that no differentiation of the respondents occurred 

with respect to their having had any quantitative or financial 

estimates on the effects of having trees on their properties. 

Only twenty-four respondents (4 per cent) indicated that they 

had such information. Finally, involvement in agroforestry was 

also not found to have been correlated with another indirect 

measure of success, the extent to which farmers were willing to 

share information publicly by holding field days or seminars . 

Only seven per cent of farmers reported ever having initiated a 

seminar or field day on tree planting and management. No other 

research which tested the relationship between this measure of 

success and involvement in agroforestry has been identified to 

compare these results with. 

Likewise, there were no significant differences between the 

respondents in relation to their experiences with problems 

related to drought and the availability of suitably adapted 

shrub and tree species. In the first instance 35 per cent of 

respondents identified drought as a serious or medium problem. 

In contrast, only 8 per cent reported that species selection 

was a serious or medium problem. 

The last twelve sets of agroforestry problem-related variables 

have tested the impact of the respondents' opinions about their 

success in resolving similar problems occurring in the study 

area. The first four sets, which described their experiences 

with livestock, fire or kangaroos killing or damaging trees, 

are reported in Table 6.19. 
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The respondents' perspectives about tree growing problems 

associated with fires in the study area were found to 

differentiate their involvement in agroforestry . In contrast, 

there were no significant differences between the respondents 

in relation to their success with control ling tree damage from 

livestock and kangaroos. Comparable studies have not been 

identified which considered the impact of such problems on the 

decisions of farmers about agroforestry involvement . 

. . . . . . .. .. .. ·. . . .. . . ... · . .. . . . . :·. : .. ,: .. . 
Table 6.19 : Summary statistics of the ANO VA. betw~n variables. and cluster grou.ps : success with 

.. e:c.ntf?P:i~~ :Fr~.t~~~;~r~?.:·~~ia~::: :..: ! .u·.):, .. · .•. :. , '•• :·: r,;:i .. i=.·:.: .. :> :: .·.· .. / ·. 
'Bush Grazers/ 'Bush Fencers/ 'Planters1 

Planters' Planters' Bush Fencers' 
(Cluster (Cluster (Cluster Sign if 

Variable No. One) Two) Three) F Prob -icant 
Description Responses Mean Mean Mean Value >F (0.10) 

Problem - stock killing tree'' 
scnous problem 400 0.2A 0.19 0.25 0.7 1 0..189 
mcdmm problem 406 0.18 0.18 0.14 050 O.b04 
minor 406 0.19 0.26 0.24 O.'l9 0.369 
not a problem 406 0.29 0.10 0.25 1.38 0.252 
medium, N scnow: problem tccmpos1lc) 406 0..13 0.38 0.40 0.31 0.732 
mioor, or not a problem (compautc) 406 0.48 0..17 0.50 0.13 0.873 
Problem - kengeroOlt? 
medium problem 387 0.09 0.14 0.15 1.16 0.31.+ 
mmor 387 0.16 0.21 0.18 0.72 0..185 
not .t. problem 387 0..12 0.34 0.39 0.83 0.436 
not applic. 387 0.00 0.00 0.00 0..14 0.643 
mcdimu, « senow problem tcompos1lc) 387 O. l b 0.19 0.24 1.07 0.342 
rruoor, or not a probk:m (COmpo!lile) 387 0.58 0.56 058 0.05 0.942 
not a problem, or not apphc. (composite) 387 0.66 0.58 0.56 1.66 0. 191 
not appltc, or do not know 1ccmposite) 387 0.24 0.24 0.17 1.27 0.280 
Problem · fire killing trees? 
medium pwblem 393 0.05 0.02 0.07 1.60 0.202 
mmor 393 0.09 0.14 0.12 0.91 0_1% 
not a problem 393 057 0.46 0.58 2.35 0.096 
n()( applic 393 0.26 0.35 0.21 350 0.031 
don()( know 393 0.00 0.00 0.00 0.43 0.646 
modium. or serious problem (caapos11e) 393 0.07 0.CY.! 0.07 1.86 0.1 56 
minor, or 001 a problem (compccutc) 393 0.66 0.61 0.70 1.2" 0.275 
nOl a problem. tt not appl1C. lcompcmtc) 3l1:\ 0.83 0.81 0.79 O.'.rl 0.756 
not applic, or do noi kDO'N (composlle) 393 0.26 0.35 0.21 3.52 0.030 
ProblPm · fire damaging trePs7 
mmor 388 0.11 0.16 0.13 0.61 0.543 
not a problem 388 0.55 0.43 0.58 3.4 0.032 
not apphc 388 0.25 0.34 0.20 3.26 0.039 
mmor, or not a problem lcomposlte) 388 0.67 0.60 0.71 2.10 0. 12.1 
not a problem, a 001 apphc. tcomposileJ 388 0.81 0.77 0.79 0.23 0.787 
not appl.Jc, ordonoi 1.:now ! 01np.1s1tc) 388 0.25 0.35 0.22 3.32 0.036 

Source : Great Southern Tree Growing Survey, 1989 

Involvement in agroforestry was found to have been influenced 

by the respondents' success with having reduced the problem of 

fires either damaging or killing trees. In both cases the bush 

fencers/planters (cluster 2) were associated at the 5 per cent 

level with reporting that these problems were not applicable to 

their properties . Also, the bush grazers/planters (cluster 1) 

and the planters/bush fencers (cluster 3) were closely 

associated with having reported that fires which killed or 

damaged trees were not problems (p = 0 . 032) . Hence, despite the 

differentiation of f arme rs according t o the three cluster 

groups as defined by this study , all of the respondents 

reported that fires were not a problem, whether minor , medium 

or serious . In contrast , there were no statistical differences 
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between the respondents in relation to their success with 

controlling either livestock or kangaroos killing trees. Twenty 

five per cent of respondents indicated that livestock were 

either medium or serious problems, while only 12 per cent 

reported the same degree of problem with kangaroos. 

In contrast to these animal-related problems, diseases and 

insects killing shrubs or trees differentiated the farmers 

according to their involvement in agroforestry (Table 6.20). 

All seven sets of variables tested were found to have been 

associated with agroforestry involvement. These variables have 

identified that problems with diseases, insects, birds, 

rabbits, and chemicals have influenced farmers' decisions about 

involvement. Likewise, unknown causes and other problems have 

had their effects in the study area. 

With regard to the first set of variables in this table that 

has described the impact of diseases on involvement in 

agroforestry, the planters/bush fencers (cluster 3) were 

associated at the 5 per cent level with having reported that 

this was either a medium or serious problem. In contrast, the 

other two clusters were associated at the 1 per cent level with 

the composite variable which described diseases as not 

applicable or not a problem to their tree growing activities. 

Likewise, the same lack of problems with insects has 

differentiated the bush fencers/planters from the other farmers 

(p = 0.061). 

The next two sets of variables in Table 6.20 described the 

impact on agroforestry involvement of the respondents' opinions 

about their success with controlling birds and rabbits. In the 

first instance, the bush fencers/planters (cluster 2) were 

differentiated to at least the 5 per cent level for having 

reported that they did not know about bird problems, or either 

they were not applicable or not a problem. In relation to 

rabbits, the bush grazers/planters (cluster 1) were 
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'Bush Grazers/ 'Bush Fencers/ 'Planters/ 
Planters' Planters' Bush Fencers' 
(Cluster (Cluster (Cluster Sign if 

Variable No. One) Two) Three) F Prob -icant 
Description Responses !\lean Mean Mean Value >F (0.10) 

Problem • diseases? 
scrioua problem 393 0.09 0.09 0.13 0.68 0.505 
medium.problem 393 0.10 0.05 0.15 3.49 0.031 
minor 393 0.14 0.22 0.22 1.48 0.227 
not a problem 393 0.41 0.33 0.30 l.89 0.152 
not applic 393 0.23 0.28 0.16 2.74 0.065 
mediwn. or seriowi problcm(compositc) 393 0.20 0.15 0.29 3.87 0.021 
minor, or not a problem I composite) 393 0.56 0.55 0.52 0.22 0.795 
not a problem. err oot applic. (ccmposite) 393 0.64 0.61 0.46 4 .84 0.008 
Problem • insects? 
scrioua problem 420 0.38 0.34 0.37 0.37 0.687 
medium problem 420 0.24 0.20 0.21 0.38 0.678 
IIllDOr 420 0.24 0.24 0.24 0.00 0.990 
not a problem 420 0.04 o.cn 0.11 2.13 0.119 
not applic 420 o.m 0.12 0.04 2.84 0.059 
medium. or serioua problem (compo&itc) 420 0.63 0.54 0.58 l.13 0.323 
minor, or ool a problem (compoaite) 420 0.28 0.32 0.35 0.70 0.493 
not a problem. or not applic. (compoaite) 420 0.12 0.20 0.16 1.45 0.233 
not applic. or do not know (composite} 420 0.o7 0.13 0.05 279 0.062 
Problem • birds! 
medium problem 397 0.10 0.00 0.06 0.66 0.514 
mmor 397 0.23 0.16 0.21 1.34 0.261 
not a problem 397 0.40 0.44 0.43 0.25 0.776 
notapplic 397 0.21 0.30 0.14 5.01 0.007 
minor, or not a problem (compo1ite) 3g"/ 0.63 0.60 0.65 0.50 0.602 
not a problem, or oot 1pplic. (cornpoaite) 3g"/ 0.61 0.74 0.58 4 .29 0.014 
not applic. or do not know 397 0.21 0.30 0.15 4.29 0.011 
Problem - rebbitl7 
serioua problem 404 0.10 0.12 0.12 0.13 0.871 
medium problem 404 0.16 0.18 0.24 l.23 0.290 
m..iool 404 0.25 O.Il 0.24 0.15 0.858 
not a problem 404 0.28 0.22 0.29 0.85 0.4'.!A 
not applic 404 0.19 0.17 0.08 3 .81 0.022 
medium. or serioua problem (cornpoaitc) 404 0.27 0.31 0.36 1.26 0.284 
minor, or not a problem (compo1itc) 404 0.53 0.50 0.53 0.23 0.792 
not a problem, err not applicable (COIDp<JSite) 404 0.47 0.40 0.37 1.36 0.256 
not applic. or do not know 404 0.19 0.18 0.09 2.87 0.057 
Problem • chemkab? 
minor 384 0.15 0.21 0.19 0.79 0.453 
not a problem 384 0.53 0.42 0.58 3.85 0.022 
notapplic 384 0.25 0.28 0.16 2.79 0.062 
medium, err seriooa problom(compoaitc) 384 0.06 o.m 0.04 0.40 0.664 
minor, or not a problem (composite) 384 0.68 0.63 0.77 3.16 0.043 
not a problem, or not applic. (compoaile) 384 0.78 0.71 0.75 0.94 0.391 
not applic, ocdo not know (composite) 384 0.25 0.28 0.17 2.40 0.091 
Problem - unknown causes? 
minor 310 0.23 0.28 0.21 0.91 0.399 
not a problem 310 0.46 0.35 0.38 1.38 0.252 
not applic 310 0.17 0.27 0.18 2.04 0.131 
medium, or seriooa problem (compoaite) 310 0.11 o.m 0.21 4.81 0.008 
minor, or oot a problem (colllpOlite) 310 0.69 0.63 0.59 1.04 0.351 
not applil;, or do not know (compoai.lc) 310 0.18 0.28 0.19 1.93 0.145 
What holds you back from solving 
your main lrH growing problem? 
not applic. here 2'J7 0.24 0.22 0.21 0.12 0.879 
time manage.men! 2g"/ O.TJ 0.37 0.25 1.98 0.138 
othci- pricritiQ 2'J7 0.18 0.18 0.16 0.12 0.884 
finance 2'J7 0.13 0.17 0.15 0.39 0.677 
lack of technical aolutiona 2g"/ 0.11 0.13 0.25 4.13 0.017 
outa idc of my control 2'J7 0.38 0.30 0.37 0.62 0.536 
finant.;e/ Umc/ money (composite) 2'J7 0.38 0.28 0.36 0.9'J 0.369 
not applicable here/ othcc priorities (composite) 2'J7 0.42 0.40 0.37 0.26 0.766 
lack tech. soluticm/ outs.Ide my cmtrol (composite) 2'J7 0.48 0.41 0.56 2.16 0.116 

Source: Great Southern Tree Growing Survey, 1989 

differentiated from other farmers in relation to their having 

reported that rabbit problems were either not applicable to 

their properties or they did not know about them (p = 0.057). 

Two sets of general problems in Table 6.20 described the impact 

on agroforestry involvement of the extent to which either 

chemicals (such as herbicides), or unknown causes damaged or 

killed shrubs or trees on the respondents' properties. The bush 

fencers/planters and planters/bush fencers were differentiated 

from the bush grazers/planters to at least the 10 per cent 

level in relation to both of these problems. The planters/bush 

fencers (cluster 3) reported that chemicals were either a minor 
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problem or not a problem, while the bush fencers/planters 

indicated that either they did not know, or this problem was 

n ot applicable to their shrubs or trees. In a similar manner, 

t he planters/bush fencers were associated at the 1 per cent 

level with having reported that unknown causes which damaged or 

killed shrubs and trees were medium or serious problems. 

These results were consistent with research reported in 

Victoria which identified that farmers who did not think that 

they had problems with tree growing were likely to be the least 

experienced of all farmers with this activity (Vanclay and 

Cary, 1989). The same situation appears to be occurring with 

regard to agroforestry in the study area. The bush 

grazers/planters and, to a lesser extent, the bush 

fencers/planters may well have been unaware of the problems 

which limited their success with applying agroforestry 

practices. These findings have been reflected in the last set 

of variables which identified that the planters/bush fencers 

reported a lack of technical solutions having held them back 

from solving their worst problem with shrub and tree growing (p 

= 0.017). The worst problem reported on survey farms was nearly 

equally divided between insects, pests, weeds, environmental 

conditions and climate. The extent to which the farmers in the 

first and second cluster groups were even aware of these 

problems damaging or killing their shrubs and trees is thus a 

matter of conjecture. Despite the bush grazers/planters and the 

b ush fencers/planters having reported that their success with 

agroforestry was not limited by these and other problems, it 

may well be that only the planters/bush fencers were aware of 

the impact of such problems. 

6.3B PCA Results : Dominant Factors Associated with 
Practicability and Success in Applying Agroforestry 
Practices 

The opinions of farmers about the practicability and their 

success in applying different types of agroforestry practices 

was measured by a series of inter-related variables. Of 343 

t otal variables tested in the previous using ANOVA, 63 were 

found to be significant at the 10 per cent level. After 

removing the low frequency and conceptually similar variables, 

eight were subjected to PCA. Three new composites were 
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identified from this data set (Table 6.21). These explain 

nearly 50 per cent of the data's total variance. 

Source: 

Varieb~ Description 

Very practicable to grow planiations of 
native species, 8lld wildlife corridcn 

Growing :Uuubll BDd trcca for beautification 
moderately practicable 

Bush regeneration and maintenance 
impracticable ex not applicable 

No auoccas with earning incomr- or 
other benefits from agroforatry 

Bush mainleaan::c an ridgca, rcx::k.s 
moderately practicable 

No majcx problem,, CXP"icnced growing trcca 

Very 1ucccaaful overall growing trcca 

Pinc tree growing oot j'ncticablc 

Variance explained by each factor: 

Total variaDCc explained : 49.67% 

Eigenvaluca 

Rotated Factor Pattern 

NumbaofObaervaliona: Z71 

Factor Looding11 

FACTOR! 

0.76312 

-0.66791 

-0.11440 

0.1)353 

-0.12523 

-0.39080 

0.3Z707 

-0.08693 

18.79% 

l.5031 

Great Southern Tree Growing Survey, 1989 

FACTOR2 FACTOR3 

-0.12634 0.19837 

-0.2fff.J7 0.08394 

0.65273 -0.17757 

0.53735 -0.16662 

-0.63776 -0.38525 

0.08912 0.65168 

-0.08711 0.60933 

0.30478 -0.51728 

17.36% 13.52% 

l.3891 l.0817 

These three factors describe the respondents' opinions about 

the practicability and success of applying bush management 

practices, and shrub and tree growing. While four of the 

variables which were tested contribute to individual factors, 

the other four were statistically correlated with more than 

just one factor. The following variables therefore have the 

most importance in this new suite of composites - overall 

success with survival and growth rates, absence of any major 

tree growing problems, the impracticability of growing pines , 

and the practicability of maintaining bush on ridges and rocky 

land. Hence the farmers' estimations of practicability and 

success with bush management are inter-related with their shrub 

and tree growing experiences. These findings reflect the extent 

to which the conceptual model provides a relevant, operational 

framework for this research. 

The first dimension revealed by this PCA describes respondents 

with favourable opinions about the practicability of successful 
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management and growing of native species. This viewpoint has 

likely influenced their involvement with these agroforestry 

practices, despite their reporting having experienced major 

problems such as insects, weeds and vermin. This first new 

composite variable is therefore labelled 'successful bush 

management, and growing native species' (Table 6.22). 

Factor Label 

Successful bush management, 
and growing native species 

Item 

very practicable to grow 
plantations of native species, 
and wildlife corridors 

moderately practicable to 
grow shrubs and trees for 
beautification 

no major problems experienced 
with growing trees 

very successful overall 
growing trees (survival 
and growth rates) 

Source: Great Southern Tree Growing Survey, 1989 

Loading 

0.76312 

-0.66791 

-0.39080 

0.32707 

Also in this first dimension, the practicability of growing 

plantations of native species and establishing wildlife 

corridors is correlated with other variables which describe 

farmers' general success with tree growing on farmed land, or 

shrub and tree growing on discharge areas and waterways. These 

opinons about the practicability and success with applying 

agroforestry practices is, however, negatively associated with 

their views about beautification plantings being moderately 

practicable. Hence beautification is rated poorly in comparison 

to the other agroforestry activities in this data set. 

The second dimension identified by PCA describes the opposite 

opinion of farmers with regard to the practicability of 

involvement with bush management and the growing of not only 

native but exotic species as well. Hence it is labelled 

'unsuccessful bush management, or growing native or exotic 

species' (Table 6. 2 3) . 
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Factor Label 

Unsuccessful bush management, 
or growing native or ex.otic 
species 

Item 

bush regeneration and 
maintenance impracticable 
or not applicable 

buah maintenance on ridges, rock 
land moderately practicable 

no success earning income or 
olher benefits from trees on 
property 

growing pines not practicable 

moderately practicable to 
grow shrubs and trees for 
beautification 

Source: Great Southern Tree Growing Survey, 1989 

Loading 

0.65273 

-0.63776 

0.53735 

0.30478 

-0.26997 

As with the first new composite, this one also identifies the 

inter-relationship between bush management, and shrub and tree 

growing. In the first instance, two of the variables in this 

new composite describe opinons about the impracticability or 

non-applicability of regenerating or maintaining bushland in 

general and specifically on ridges and rocky land. Non

applicability is interpreted for the purposes of this study as 

meaning that the farmer does not know if an agroforestry 

practice is practicable. Likewise this dimension portrays the 

absence of favourable opinions about realising any economic or 

other benefits from shrub and tree growing. Neither was there a 

positive opinion on the practicability of engaging in 

beautification plantings nor pine plantings for timber, posts 

and other uses. Thus this new composite provides an entirely 

unsuccessful perspective on farmers' opinions about influences 

on their agroforestry involvement. 

In contrast with the previous dimension, the third and final 

new composite produced from this data set by PCA identifies th• 

positive, encouraging opinions of respondents about shrub and 

tree growing. This dimension is labelled 'successfully growinq 

native and exotic species' (Table 6.24). 
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(c) 

KEY 
High Grid M~ Score 

+ 1.00 or more 

+o.oi to +0.99 

0.00 to -0.99 

-1.00 or less 

no data available 

Low Grid Mean Score 

4 or 
More 

# Farmcn I Grid 

0 10 20 30 40 50 60 70 
#Orida 

Figure 6.5 : Practicability and success with applying agroforestry practices: mean factor scores for 20 
kilometre square grids (a) successful bush management, and growing native species, (b) 
unsuccessful bush management, or growing native or exotic species, (c) successfully growing 
native and exotic species 

Source: Great Southern Tree Growing Survey, 1989 
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Factor Label 

Successfully growing 
native and exotic species 

Item 

no major problems 
growing trees 

very successful overall 
growing trees (survival 
and growth rates) 

pine tree growing not 
practicable 

bush maintenance on ridges. rocky 
land moderately practicable 

Source: Great Southern Tree Growing Survey, 1989 

Loading 

0.65168 

0.60933 

-0.51728 

-0.38525 

While the first dimension describes opinions about the 

successful combination of bush management and growing of native 

species, this third composite identifies success with only the 

l atter and exotics. Hence this composite describes opinions 

about the practicability of growing pines, an absence of major 

problems, and very successful growth and survival rates 

associated with shrub and tree growing. As with the other two 

dimensions describing opinions influencing farmers' 

perspectives on the practicability and success with 

agroforestry involvement, this composite also operationalises 

the conceptual model. 

Spatial Patterns 

In order to identify if there is any spatial influence on 

opinions about the practicability of applying agrof orestry 

practices and management, three maps have been produced from 

the grid mean scores for each of the 271 observations (farmers) 

in this particular PCA (Figure 6.5). Just over half (51 per 

cent) of the grid squares have more than one farm in them. 

Using nearest neighbour analysis, two spatial patterns of the 

grid mean factor scores were identified which statistically 

differed from the random expected distribution (Table 6.25). 

In the first instance, grids with mean scores which were the 

most positively associated with the second dimension, 

'unsuccessful bush management, and growing native and exotic 

species', were found to be located in a dispersed pattern 

throughout the study area (p = 0.0516). In the second instance, 

the grids with mean scores which were least associated with the 

third dimension, 'successfully growing native and exotic 

species' were clustered in a pattern which differed from random 
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(p < 0.01). All such grid squares are located in the western 

thi rd of the study area 

Expected 
Factor Grid Mean Mean Di'stance 
No. Mean Density of Observed in Random Nearest Pattern 

Score No.of Farmers per Distance Distrib.ution Neighbour ZR p Type 
Variable Rank* Farmers square Jan (km) (Ra) (km) (Re) Statistic (R)1 Test Value ** 

1 Successful bush A 49 0.0006 20.737 19.576 1.059 -0.794 0.2148 b 
management, and B 81 0.0010 16.296 15.225 l.o70 -1.211 0.1131 b 
growing native c 95 0.0012 14.273 14.059 l.015 -0.283 0.3897 b 
species D 33 0.0004 23.973 23.854 1.004 -0.054 0.4801 b 

2 Unsuccessful bush A 39 0.0005 24.951 21.942 1.137 -1.638 0.0516 a 
management, or growing B 80 0.0010 14.481 15.320 0.945 0.937 0.1762 b 
native or exotic species c 100 0.0013 13.472 13.703 0.983 0.322 0.3745 b 

D 39 0.0005 23.087 21.942 1.052 -0.623 0.2676 b 

3 Successfully growing A 35 0.0004 24.368 23.162 1.052 -0.589 0.2810 b 
native and exotic B 84 0.0011 14.175 14.951 0.948 0.909 0.1841 b 
species c 111 0.0014 12.540 13.006 0.964 0.722 0.2358 b 

D 28 0.0003 19.836 25.896 0.765 2.368 0.0091 c 

* Grid Mean Score Rank : **Pattern Type: 
A +l.00 or more a - more dispersed than random (1) R =Ra/Re 
B +0.01 to +0.99 b - random 
c 0.00 to -0.99 c - more clustered than random 
D -LOO or less 

Source : Great Southern Tree Growing Survey, 1989 

6.4 CHAPTER SUMMARY 
This last section provides a summary of the findings from using 

ANOVA and PCA to investigate the impact of biophysical and 

practicability factors on farmer involvement in agroforestry. 

As in the previous two chapters, the results of the individual 

ANOVA tests are first reported in relation to the three cluster 

groups defining involvement in agroforestry. This is followed 

by summaries of the PCA results defining the dominant 

biophysical and practicability factors influencing agroforestry 

involvement . 

6. 4 .1 Biophysical Characteristics and Pro.blems of the 
Respondents' Properties 

The following descriptions of the respondents in the study area 

enhance understanding of the extent to which the biophysical 

characteristics and problems of the respondents' properties 

have influenced their involvement in agroforestry. The bush 

grazers/planters (cluster 1) have been differentiated in the 

first instance from the other respondents in relation to 

several variables which describe the biophysical 

characteristics of their properties. They were located mostly 

in the higher rainfall parts of the southwestern part of the 

study area with greater than 350mm rainfall. Their farms were 
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cleared in the period between 1940 and the present, which was 

at the end of the War Service Settlement Scheme through the 

period of Conditional Purchase settlement of the south of 

Western Australia (Murray, 1985). These farmers also reported 

that they either had no land left to clear or less than five 

per cent of their total property was uncleared but suitable for 

cropping or grazing. This indicates that these farmers have 

either already cleared all possible land for agricultural 

purposes, or they only had a small amount of remnant bush land 

which could be available for agricultural purposes. The bush 

grazers/planters were also associated with having ranked 

salinity as the second worst problem on their properties. While 

it is uncertain what has been the worst problem faced by the 

bush grazers/planters, they also had reported that wind and 

sandblow was the third worst problem affecting their main 

income earning property. 

The bush fencers/planters (cluster 2) were located on farms 

which were the most recently cleared in Western Australia. 

These farmers indicated that between 1970 and the time of the 

survey in 1988-1989 over half of their main income earning 

property had been cleared. They reported that 20-30 per cent of 

their remaining unused land was suitable to be cleared for 

cropping and grazing. This was considerably more than the bush 

grazers/planters had reported. The bush fencers/planters also 

indicated that the average annual rainfall on their properties 

over the last five years had been less than 350mm. These low 

rainfall conditions coincide with their property locations, 

which they reported to be mostly on light or light to medium 

soils. These biophysical characteristics of the bush fencers' 

properties are reasonably representative of large areas in the 

eastern parts of the study area which had been opened up for 

settlement by the Western Australian government and the 

Esperance Land Development Company. 

The bush fencers/planters have also reported biophysical 

problems associated with their properties which were different 

from the bush grazers/planters or the planters/bush fencers. 

Wind and sandblow was the worst overall problem on their 

properties, as well as their main problem affecting both 

property value and production. They were also able to identify 
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that their main tree growing losses occurred during the winter 

and spring. While they did not know if consecutive fires had 

caused a permanent loss of native species, they did report that 

biophysical problems had not caused them tree growing problems. 

Instead, they indicated that time, labour and finance were the 

main limiting factors which constrained their involvement in 

agroforestry. 

The planters/bush fencers (cluster 3) were distinguished from 

the other survey farmers by having reported that the bulk of 

their main income earning property had been cleared before 

1940, which makes them users of the oldest properties in the 

study area. It i s uncertain, however, how much land they have 

left to clear which could be suitable for cropping or grazing. 

The planters/bush fencers were, however, similar to the bush 

fencers/planters in that they both reported being in the lowest 

rainfall area of the study area. With regard to soil types, the 

planters/bush fencers were located on land which was quite 

different from the light land conditions of the bush fencers' 

properties. They reported that their main income earning 

property was located on mixed soils of medium to heavy texture. 

The biophysical problems which affected the properties of these 

farmers have been reflected in their soil types. The 

planters/bush fencers were not associated with reporting the 

commonly nominated salinity problem, or the wind and sandblow 

problem which affects the light lands of the bush 

fencers/planters . Instead, they reported that water erosion was 

the worst biophysical problem affecting their property 

production. Other problems such as climate, insects, vermin and 

weeds posed less of a hazard to their farming businesses. Their 

awareness of these biophysical problems has differentiated them 

from the other respondents, who may not have been as conscious 

of the extent to which these problems could have limited their 

successful involvement in agroforestry. 

The impact of biophysical factors in the study area on 

involvement in agroforestry was shown to have been related to 

both the characteristics of farm properties and the extent to 

which they were affected by land degradation problems. 

Comparable research in the higher rainfall zones has implicitly 

associated high rainfall levels with the potential for 
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increased farmer involvement in agroforestry for pulp and 

timber production. The findings of this study have shown that 

the use of agrof orestry practices by the bush fencers/planters 

and the planters/bush fencers for land degradation control has 

been greatest in the lower rainfall zones of the study area . 

The bush grazers/planters had cleared most of their properties 

for agricultural purposes, while the other respondents had more 

bush land available for clearing. 

Seventy per cent of farmers in the study area reported land 

degradation problems. This was a higher percentage than might 

have been expected, as other Australian studies had found low 

levels of farmer awareness about this. While respondents in 

general reported that the worst land degradation problem in the 

study area was salinity, this has not differentiated the 

respondents according to their involvement in agroforestry. 

Wind and sandblow was the worst overall land degradation 

problem on the properties of the bush fencers/planters, 

affecting both property value and production. In contrast, wind 

and sandblow problems were ranked second to salinity problems 

on the properties of the bush grazers/planters. The 

planters/bush fencers also distinguished themselves from the 

other respondents by having reported water erosion and other 

problems associated with tree growing which were less readily 

visible. 

Dominant Biophysical Characteristics and Problems of Respondents' Properties Influencing Involvement in 
Agro forestry 

Having compressed the original data set on the biophysical 

characteristics and problems of respondents' properties into 

three new composite variables, 59 per cent of the total 

variance has been explained. This percentage is about average 

for the amount of total variance explained in all eight data 

sets in this study, and the same as for the one describing 

attitudes to agroforestry practices and management. 

Other studies have described the impact of biophysical factors 

on farmer involvement with the shrub and tree growing aspects 

of agroforestry. However, no research on this subject, other 

than the present study, has been based upon the use of a broad 

definition of agroforestry which considers bush management 

practices as well. The first two factors revealed by PCA 
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account for forty-three per cent of the total variance in this 

data set, while the third is of less importance. Nonetheless, 

all three dimensions provide a comprehensive distillation of 

the main biophysical influences on farmers' decisions about 

involvement in agroforestry. 

Two unexpected results from these findings have occurred. While 

salinity was reported by the respondents as the worst land 

degradation problem, wind has been found to be the main 

biophysical influence differentiating the categories of farmer 

involvement in agroforestry. The second unexpected result was 

that the dates and levels of bushland clearing for agricultural 

development in the study area are important elements in the 

other two dimensions describing biophysical influences. 

The first composite variable, labelled 'wind affected 

farmland', accounts for substantially more of the total 

variance in this data set than the two other new composites. 

This dimension has a distinct spatial component which is not 

located in the western part of the study area. Grid squares 

with mean scores most associated with having wind affected 

farmland are located on light to medium soil types. This is 

where the respondents reported that the wind was their worst 

problem in relation to overall land degradation and production. 

The second and third biophysical dimensions of involvement in 

agrof orestry identify similar aspects of environmental 

management in the study area. In the first instance, the suite 

of variables describing the inter-relationship between bush 

clearing dates, levels and rainfall is labelled 'recently 

cleared farms'. The spatial clustering associated with this 

dimension is consistent with the region where vacant Crown 

lands were released for agriculture since the 1960s. 

The third dimension combines several of these same variables to 

characterise the biophysical forces in a general region of the 

study area, labelled the 'largely cleared, low rainfall, mallee 

and sandplain country'. Light to medium soil types, which are 

commonly associated with mallee vegetation in the study area, 

assist with distinguishing the other two variables in this 

dimension - low levels of rainfall and high levels of bushland 

clearing. The grids which are less than highly associated with 
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this composite variable were found to be clustered in spatial 

patterns which statistically differed from random. This 

clustering appears to be located mainly in the western, 

southern and southeastern parts of the study area, which is not 

the mallee and sandplain country where farmers reported low 

rainfall conditions prior to the present study . 

6.4.2 Species Preferences 

The relationship between the species grown by respondents and 

their involvement in agroforestry can be summarised in relation 

to the three cluster groups of farmers, as defined by this 

study. Even though all respondents reported that they had 

selected either shrubs or trees for saltland fodder production 

and revegetation purposes prior to 1987, the bush 

grazers/planters (c luster 1) were more associated with 

selecting shrubs for those purposes than the other respondent s . 

In contrast , the bush fencers/planters (cluster 2) were 

differentiated from the other respondents for having grown tree 

crops , both prior to 1987 as well as in 1988. However , they 

were not interested in growing new tree crops such as the carob 

due to problems with labour , finance and environmental factors . 

The planters/bush fencers (cluster 3) were found to have been 

associated with having interest in carobs and selected 

floricultural shrub species in 1988. However, they chose 

similar shrub and tree species to the bush fencers/planters 

prior to 1 987 , and different tree species during 1988. In 

general, prior to 1987 and during 1988, the planters/bush 

fencers and the bush fencers/planters had similar production 

orientated income earning objectives due to t heir selection of 

tree crops, as well as dryland fodder and floricultural 

species . 

In contrast , however, the category of the respondents' 

involvement in agroforestry was not reflected in their plant~n 

of new crops such as carobs and blue gums, nor on the amount 

that they had planted . This has suggested that the few farmer~ 

who were growing these new crops were not necessarily those w· 

were already involved in bush management, and shrub and tree 

growing. The low level o f carob and blue gum plantings furthe r 

suggests that these were experimental rather than aimed at 

achieving land degradation control or income earning benefits . 
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Hence, the species grown by farmers has identified that the 

bush grazers/planters have been more oriented towards saltland 

plantings with shrubs. In comparison, the bush fencers/planters 

and the planters/bush fencers had chosen a wider range of both 

shrubs and trees for not only saltland plantings, but dryland 

plantings as well. Prior to 1987, all three of the cluster 

groups of farmers were differentiated for having grown species 

of shrubs or trees for saltland fodder and revegetation. After 

that period of time there was no relationship between growing 

saltland species and involvement in agroforestry, with the bush 

grazers/planters least involved with having grown other 

production oriented species. 

These findings have thus reflected the extent to which Western 

Australian research about species selection in conditions 

similar to the study area has been oriented towards saltland 

reclamation. While all three cluster groups were found to have 

been associated with saltland plantings prior to 1987, since 

that time the respondents had become involved to varying 

degrees in dryland plantings of general farm trees as well as 

multipurpose floricultural, fodder and tree crop species. 

Continuing changes in the species selection preferences of 

farmers may well occur as a result of the increasing 

availability of technical information about the economic 

viability of dryland fodder species such as tagasaste, as well 

as eucalypt plantings for oil, woodchips and timber. 

Dominant Species Preferences-Related Factors Influencing the Involvement of Farmers in Agroforestry 

Three new uncorrelated composite variables have been produced 

by PCA to provide a compressed description of the impact of 

species preferences on farmers' decisions about involvement in 

agroforestry. These dimensions explain seventy-two per cent of 

the total variance in this data set, which is a higher 

percentage than that explained by any of the other sets of 

variables tested in this study. 

The first new composite is labelled 'tree crops preferences', 

because it identifies that farmers have chosen to grow species 

with economic potential. There is an historic element in the 

decisions of farmers about preferring tree crops which was 

initiated before 1987, and continued afterwards in 1988. There 
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was no clustering of the grids with mean scores which were 

positively associated with this dimension. However, those which 

were negatively associated with it were located in a more 

dispersed than random spatial pattern in the study area (p < 

0.01). Hence it appears that there is no spatial factor 

influencing farmers' preferences for growing tree crops in the 

study area. 

The second dimension describes a preference of farmers in the 

study area for species which can produce drought fodder for 

their livestock. In this instance, more enthusiasm than 

informed assessment of the available technical and practicable 

knowledge has influenced their preference for such species. The 

grid squares with a low positive association with this 

dimension were clustered in various parts of the study area, 

with spatial patterns which differed from random (p = 0.0401) . 

Likewise, the grid cells which were least associated with this 

new composite were also clustered in various parts of the 

region (p = 0.0027). 

The third and last new dimension produced by PCA from this data 

set has identified constraints to the respondents' preferences 

for growing shrubs and trees for drought fodder. Economic and 

family structure-related problems may limit farmer involvement , 

despite there being no biophysical factors which constrain 

growing fodder crops. This composite thus complements the 

second dimension by describing the complexity of problems that 

may confront farmers when making decisions about growing new 

drought fodder crops such as the carob or tagasaste. As with 

the second dimension, the grids with mean scores which were 

least associated with reporting these constraints were 

spatially clustered in a pattern which differed from random (p 

= 0.0778). 

6.4.3 Practicability and Success with Applying Agroforestry 
Practices 

This section summarises the impact on agroforestry involvement 

of the respondents' opinions about practicability and success 

with applying bush management, and shrub and tree growing 

practices. The results of the individual ANOVA tests on a 

variable basis have been summarised in relation to the three 

cluster groups defining involvement in agroforestry. 
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The bush grazers/planters (cluster 1) have found that it was 

either impracticable or not applicable to maintain existing 

bushland in their paddocks, as well as on ridges, rocky 

outcrops and poor, infertile sands. Neither had they found it 

practicable to grow wide-spaced trees in pastures or crops, or 

shelterbelts, or plantations of either native or exotic trees. 

They have had no success with earning any income or other 

benefits from agroforestry; nor have they experienced problems 

which other respondents have encountered. Hence, the bush 

grazers/planters have reported no problems with fire, diseases 

or rabbits limiting their shrub and tree plantings, while other 

respondents have. 

The bush fencers/planters (cluster 2) were similar to the bush 

grazers/planters by having stated that no major problems 

limited their applying agroforestry practices. Similarly they 

reported that the planting of pine plantations and maintaining 

bushlands on ridges, rocky outcrops and poor, infertile sands 

were not practices applicable to their property. However, in 

contrast with the bush grazers/planters, these farmers had 

found that shelterbelts for shade, shelter and other benefits 

were moderately or very practicable. In addition, they reported 

that all bush management, and shrub and tree growing practices 

to increase their property's production, rather than its value 

and beauty, were either moderately or very practicable. The 

bush fencers/planters also reported having had overall success 

with tree growing on their own properties, as well as in 

relation to other farmers in their area. Weeds have been the 

only problem for shrub and tree growing which these farmers 

reported not successfully resolving. Likewise, they indicated 

that fires, diseases, insects, birds, rabbits and chemicals 

were not problems on their properties. 

The planters/bush fencers (cluster 3) have not reported their 

overall success with applying agroforestry practices, as the 

bush grazers/planters and the bush fencers/planters have done. 

However, these farmers had found that shelterbelts, plantations 

of native species, plantings to increase their properties' 

beauty, as well as maintaining bushlands on ridges, rocky 

outcrops and poor, infertile sands were either moderately or 

very practicable agroforestry practices. Despite these views, 
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it was not very practicable for them to regenerate bush on 

poor, infertile sands. The planters/bush fencers have also 

reported that all bush management, and shrub and tree growing 

practices to increase their properties' production, rather than 

their value, were either moderately or very practicable. 

Establishing trees or shrubs for wildlife corridors was the 

only agroforestry practice which they reported impracticable. 

In addition, the planters/bush fencers indicated that weeds 

were either a minor problem or not a problem, while fires and 

chemicals killing shrubs and trees were not problems at all. 

Both diseases and unknown causes damaging or killing shrubs and 

trees were, however, reported as either medium or serious 

problems by these farmers. The planters/bush fencers were 

especially distinguished from the other farmers in regard to 

their having reported that a lack of technical solutions held 

them back from successfully resolving these problems. Hence, 

while the other respondents reported varying degrees of success 

with applying agroforestry practices, the planters/bush fencers 

appear to have been considerably more conservative. 

In summary, the respondents in the study area were found to 

have similar problems associated with applying agroforestry 

practices to farmers not only in other parts of this state, but 

in other parts of Australia as well. While only the 

planters/bush fencers reported a shortage of technical 

solutions for resolving these difficulties, there was no 

differentiation of the respondents in relation to the highly 

acclaimed need for financial incentives to assist them with 

implementing tree growing practices. Nor were there differences 

among groups of farmers in relation to their reasons for not 

having any quantitative results or financial estimates on the 

effects 0f having trees on their main income earning property . 

Despite this, the results reported in this section have 

differentiated the respondents according to their involvement 

in agrof orestry based upon their opinions about the 

practicability and success of applying several types of 

practices. The bush grazers/planters (cluster 1) have found a 

range of bush management, and shrub and tree growing practices 

to be both impracticable and problematic, and they have not 
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reported any success with applying agroforestry practices. In 

contrast, the bush fencers/planters (cluster 2) have not only 

indicated overall success with agroforestry on their 

properties, but also in relation to how other farmers in their 

area have fared. Only weeds have been a moderate or serious 

problem for them. These farmers were thus similar, but less 

conservative, than the planters/bush fencers (cluster 3) who 

also reported that applying agroforestry practices has been 

moderately or very practicable, even though they did not 

indicate having been as successful as cluster group two. 

Dominant Factors Associated with the Respondents' Opinions on Practicability and Success with Applying 
Agroforestry Practices 

PCA has explained half of the total variance in the data set 

describing the dominant factors associated with the opinions of 

farmers about the practicability and success of applying 

agroforestry practices. The three dimensions which have been 

revealed provide a broad overview of the 'on the ground' 

aspects influencing involvement in agroforestry. This includes 

farmers' views about applying bush management practices, as 

well as shrub and tree growing. Hence these dimensions of 

agroforestry involvement revealed by PCA have operationalised 

the conceptual model for analysis, as have several other 

previously described composite variables. 

The first factor which was compressed by PCA from the original 

data set is labelled 'successful bush management, and growing 

native species'. The farmers associated with this have 

favourable opinions about the practicability of growing native 

species for timber and posts, as well as for wildlife 

corridors. Likewise, despite having experienced major problems, 

their positive opinions reflect being very successful with tree 

growing in terms of growth and survival rates on farmed land, 

and shrub and tree growing on discharge areas and waterways. No 

spatial influences were found to be associated with this first 

dimension. 

The second dimension contrasts with the first, having 

identified opinions about being unsuccessful with bush 

management as well as native and exotic shrub and tree growing. 

In addition, this composite describes opinions about the 

impracticability and non-applicability of applying bush 
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management practices. Spatially, the grids with the highest 

positive mean factor scores in Figure 6.8 were found to b e 

significantly dispersed in the region (p < 0.10). 

The third and last dimension provides an optimistic perspective 

on opinions influencing the shrub and tree growing aspects of 

agroforestry involvement. Farmers most associated with this new 

composite are labelled 'successfully growing native and exotic 

species'. Their favourable opinions about gaining success with 

growing all species contrasts with the first dimension's 

identification of the practicability of bush management and 

only growing natives. The grids with mean factor scores least 

associated with this third dimension were found by nearest 

neighbour analysis to be clustered in the western third of the 

study area (p < 0.01). 

Chapter Seven draws upon the findings of Chapters Three to Six 

to present a summary statistical analysis of the main factors 

influencing agroforestry involvement in the study area. 
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The purpose of this chapter is to investigate the main factors 

influencing farmer involvement in agroforestry by incorporating 

them into a summary statistical analysis of the impact of 

s ocial, economic and environmental issues and attitudes on the 

practice of agroforestry. The analyses in the previous three 

chapters using ANOVA and PCA have established a firm foundation 

to accomplish this objective . In the first section of this 

chapter the overall findings from these analyses which are 

relevant to the summary statistical analysis are summarised. 

7. 1 REVIEW OF THE CHARACTERISTICS OF THE THREE 
CLUSTER GROUPS OF FARMERS IN THE STUDY AREA , AND 
THE MAIN FACTORS INFLUENCING THEIR AGROFORESTRY 
INVOLVEMENT 

This section first reviews the findings of the previous three 

chapters about the characteristics of the three groups of 

farmers to provide an overview of the varying types of farmer 

involvement with agroforestry practices. This is followed by 

review of the most important factors which were found to 

influence their differential involvement in agroforestry , and a 

summary of the overall findings. 

7.1.1 Rev i ew o1~ t h e Characteri stics of the Three Ciuster Groups 
o f Farme.z.':'s in the Study Area 

A range of variables were identified which influenced 

differences in the involvement of respondents in agroforestry. 

The characteristics of farmers and farm families were found to 

have varied considerably in relation to the eight sets of 

issues considered . Through non-parametric analysis of variance 

(ANOVA) the 1340 variables which were originally tested have 

now been reduced to 200 variables which are significantly 

associated to at least the 10 per cent leve l with involvement 

in agroforestry. Of these, 122 (61 per cent) were significant 

at the 5 per cent level and 45 (22 per cent) at t he 1 per cent 

level. The variables that were not found to influence 

agroforestry involvement, and which the literature review might 

have suggested otherwise, have also been discussed in these 

chapters. 

These results have contributed t o meeting the second central 

goal of this study. With three reasonably distinct sets of 

respondents having been identified in Chapter Three, 

description of their differences with respect to types of 
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involvement in agroforestry was the next logical research step . 

These differences between the bush grazers/planters, the bush 

fencers/planters and the planters/bush fencers have been 

identified within the context of eight sets of variables. These 

sets describe the broad cultural and physical context of the 

farmers' perspectives on involvement in agroforestry, as well 

as specific aspects of farm operations in the study area. The 

variables selected for testing were not intended to be 

comprehensive, as it was not an aim of this study to account 

for all influencing factors. The ANOVA findings have, however , 

provided the first quantitative description of agroforestry 

involvement in the general socio-cultural, environmental milieu 

of the study area. In the discussion about the PCA results at 

the end of this first section of Chapter Seven, the relevance 

is considered of reducing the survey data set down to the more 

significant and important suites of variables describing 

agroforestry involvement. 

Variables Associated with Agroforestry Involvement 

Having identified in the previous three chapters the variables 

unassociated with involvement in agroforestry, it remains to 

explore the statistically significant relationships which the 

present study has found influence bush management, and shrub 

and tree growing. This sub-section summarises the overall 

characteristics of the three cluster groups of farmers in the 

study area which differentiate their involvement with 

agroforestry practices. These distinguishing characteristics 

have been summarised in a graphical format to assist with both 

clarification and simplification of the ANOVA results reported 

in the previous three chapters. Their relevance is described 

within the context of each of the three cluster groups of 

farmers as defined by this study. 

In the first instance, the bush grazers/planters (cluster 1) 

were found t o be associated with applying only a few types of 

bush management and shrub and tree growing agrof orestry 

practices (Figure 7.1). Little difference between the bush 

grazers/planters' attitudes and management decision-making can 

be identified. Although these farmers reported having been 

originally encouraged by several agroforestry practices, they 
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Species preferences (shrubs and trees) 
•S1uu91 or trees for saltland fodder production, revegetation prior to 1987 

M-·rwst decision-making 
•Property leu than forty years old 
•Hu not iJUgrated into management any pnctices, other than crop and putuie 
~to reduce aoil blowing or <>tbs land degradlltion problems 

•Plantingl for property value improvement 

t 

Pr8cticability and succ:ea with applying agroforestry practices 
•Impracticable to grow wide-spaced trees in putures and cropa, or plantations of 
natives, pines or other exotica 

•Impracticable or not applicable to regener_ate bush, or maintain existing bush in 
paddocks, ridges, rocky outcrops, or poor mfertile sands 

•No success with earning any income or other benefits from agroforestry 
•Haa not experienced tree growing problems which other respondents have 
encountered 

•No problems with fire, diseases or rabbits 

Figure 7.1 : Characteristics of the Bush Grazers/Planters (Clusterl) 
Source: Great Southern Tree Growing Survey, 1989 

External Non-farm Relatiom:hips in the Macro-environment 

Internal Farmer and Family Farm Business Relations of Production 

/ 

Attitudes to agroforestry practir.es and management 
-Con1eiou1 decision to grue buah 
•No experience with growing farm tr11ea 
•Talked with the fewest othec farmen about tree growing 
•Originally encouraged by growing wide-spaced treea in pastures and croplands, 
plaminga for waterlogging control and stock fodder production on dryland or 
saJtland 

•Main reuon for growing shrubs before 1987 wu to reclaim saltland ~ 

-Growing wide-a)'9Ced trees and plantings of both shrubs and trees on saltland to 
comol salinity most important prlCficea 

•Agroforemy is risky because proper~ unsuitable for trees 
•Does not know if bea~ification pla11tings economic 
•Bush regeneration or wildlife corridc1ra economically non-applicable 

/ 

/ 
/ 

/ 

t 
I 
I 
I 

Farmer ancl Farm Family 
Business Perspectives: 
Bush Grazers/Planters 

I 
I 
I 
t 

/ 

Technic:al information and inctmtives for agroforestry 

/ 

/ 
/ 

/ 

Socioeconomic chara • • ~ farma'I a4 r..m fmnilies 
-came from farms in Victo 
•More than forty yean of t: 
•Mainly sheep (meat and w 
•Goal of expanding propert 
prior history of property e 

•Farm size leu than IOOOha 

Family structure, indet.tted-ud dec....,..•ldq 
•Hiid one or more children n the tum 
•Nobody hu a veto on fi . dlcilion-making 

Biophysical charac · 'cs and problems of respondents' properties 
•Located mostly in rainfall areu with grmler than 3SOmm rainfall 
•Property cleared 1941-60 ~Not using any written technical information about agroforeatry, or using 

non-technical types of written infonnation 
~ _. •Uae1 videos, books, and magazines u sources of information about agroforeatry 

•Needs bush fencing incettivea 

•Land remaining to be clea <5% 
!++-

•Needs technical auistance with weed or pest control 
•Ranked salinity as second !WOf1t land degrad9tion problem 
•Uncertain what has been tile worst land degradation problem 
•Wind and sandblow was the third worst land degradation problem 
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Species preferences (shrubs and trees) 
•Grown tree crops, prior to 1987 and in 1988 
•Labour, finance, environmental factors limit carob growing 

Management decision-making 
•Ptoperty lea than forty years old 

t 

•Alm Uled traditional tillage to reduce soil blowing 
•In management programme: windbreaks and shelterbeltl 
• Mosi shrub and tree growing on MIE property 

Practicability and sue~ with applying agroforestry pnctices 
•No major problems experienced with growing trees 
•Pine plantations and maintaining bush on ridges, rocky outcrops and poor, 
infertile sands not applicable 

•Shelterbelts for shade, shelter, other benefits moderately/ very practicable 
•All practices to increase production, not value and beauty, m~ly or very 
practicable 

•Very succesful overall growing trees on MIE property, and in relation to other 
farmers 

•Weed problems unsuccessfully resolved 
•Fires, diseases, insects, birds, rabbits, chemicals not problems 

Figure7.2: Characteristics of the Bush Fencers/Planters (Cluster 2) 
Source : Great Southern Tree Growing Survey, 1989 

- ~ 

....... -

External Non-farm Relationships in the Macro-environment 

Attitudes to agroforestry pradices and management 
-originally encouraged by windbreaks or shelterbelta to provide ah.cte/lhelter for 
crop, stock and soil protection 

•Planted tree& around haneatead, aheda, drive or lanoway1 for lheher 

•Shrub• and trees needed on saltland and fodder shrubs such u: aaltbush 
•Agroforeltry economically risky, because lack adequate cost-benefit data and 
property unsuitable 

.... 
e()f all respondents, the moat buah fenced and the leut bush grazed by stock 
•Bulh regeneration or wildlife corridora economically non-applicable 
•Willingneu to initiate lelllinar or field day about agroforestry 
•Not diaculled tree growing with many others, or hu much experience 
•Most important ptmctice: growing tre&a or regenorating bushland u windbreaks for 
crop and soil protection 

t / 
/ 

/ 

/ 

/ 
/ 

/ 

Farmer and Farm Family 
Business Perspectives: 
Bush Fencers/Planters 

/ 
/ 

Technical information and ina~ntives for agroforestry 
•Incorrect understanding of windbrellk theory ( <2 tree heights downwind 
protection) 

•Use of semi-technical, profeaaional written information sources 
•Main sources of information: non-farming friends, CALM 
•Knows others successfully growing trees for drought fodder 
•Needs technical assistance with weed and pest control 
•Bush fencing incentives not needed 

Socioeconomic characteristics of farmers and farm families 
-other than mainly sheep (meat and wool) enterprise 
•Some farming experience outside Western Australia 
•l...eu farming experience than other farmers 
•Agricultural college or university level education 
•No intention to expand properties in next five years, even if past history of 
expansion 

•Fann size greater than lOOOha 

t 

Fmdly structure, indebtedness and decision-making 
•At leul one child left the fann 
•lbey and their spouse have outside non-farm experience 

Biophysical characteristics and problems of respondents' properties 
•Located on moat recently cleared farms 
-over half of property cleared after 1970 
•20-30 per cent of remaining unused land suitable to be cleared for cropping and 
grazing 

•Average annual rainfall over the last five years less than 350mm 
•Located mostly on light or light to medium soils 
•Wind is the worst overall problem, and main problem for property value and 
production 

•Main tree losses in winter, spring 
•Doea not know if consecutive fires caused permanent loss of native species 
•Time, labour and finance main limiting factors for agroforestry involvement 
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have made management decisions which reflect their generally 

negative attitudes towards agroforestry. Despite this, they did 

report having grown shrubs and trees on their sheep farms 

before 1987 to reclaim saltland, a practice recommended by DAWA 

for a long time. 

With regard to biophysical descriptors of these farmers, their 

farms were located mostly in rainfall areas with more than 

350mm rainfall per annum, which were amongst the newest farms 

in the study area. The bush grazers/planters had heavily 

cleared the native bush, with little remaining which was 

suitable for cropping or grazing. Their early involvement in 

saltland management appears to be a function of their having 

reported uncertainty about their worst problem, but salinity 

was the second worst, followed by wind and sandblow. 

These farmers operate the smallest properties in the study area 

(less than lOOOha) . This may explain their aggressive property 

expansion goals, which are similar to the planters/bush fencers 

(cluster 3) . In addition, both cluster groups have had over 

forty years of farming experience. Possibly one or more 

children leaving the farm could have, however, deleteriously 

influenced their abilities to successfully apply agroforestry 

practices. These farmers reported opinions about the 

impracticability of bush management, and shrub and tree growing 

practices. Likewise, they had found no success with earning any 

income or other benefits from agroforestry. These overall 

problems could also be a reflection of their lack of interest 

in information about agroforestry, as well as their need for 

bush fencing incentives. 

In contrast, the bush fencers/planters (cluster 2) have a 

considerably more progressive attitude towards agroforestry 

than the bush grazers/planters (Figure 7.2). 

The bush fencers/planters reported having already completed 

plantings around their homesteads, and having grown the most 

shrubs and trees on their MIE property rather than on other 

land. Their most important agroforestry practice is growing 

trees or regenerating bushland as windbreaks for crop and soil 

protection. Lack of adequate cost/benefit data and concerns 
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that their property was unsuitable have, however, dampened 

their attitudes to get more involved with agroforestry on 

farmland. Despite this, these farmers have undertaken 

substantial bush management work in general, although they 

think about regenerating the bush and establishing wildlife 

corridors either in non-monetary terms or as non-applicable 

practices. They have, however, fenced off more bush from their 

stock than any of the other respondents, most likely to prevent 

their access to poisonous native plants. Hence these farmers 

reported having less bush grazed than any of the other 

respondents. The bush fencers/planters are also willing to 

initiate seminars and field days, but they have not discussed 

tree growing much with others, nor have they much experience 

with this. 

With the most recently cleared farms in the study area which 

have had a rainfall of less than 350mm over the last five 

years, these farmers have not cleared nearly as much land as 

the bush grazers/planters. Despite this, wind was the worst 

overall problem affecting the predominantly light or light to 

medium soil types on their mallee and sandplain country 

properties. However, time, labour and finance rather than these 

biophysical problems have limited their involvement in 

agroforestry, especially with new crops like carobs. 

Nonetheless, the bush fencers/planters grew tree crops for 

economic objectives prior to 1987 and again in 1988, after the 

drought year of 1987. 

The bush fencers/planters have a sophisticated approach to 

information collection which includes semi-technical and 

professional written information sources about agroforestry, as 

well as the Department of Conservation and Land Management. 

They still reported needing assistance with weed and pest 

control. Despite their aggressive information seeking approach, 

they have suprisingly little understanding about the benefits 

of windbreaks for protecting crops, stock and soil. This has, 

however, not limited their views that shelterbelts and all 

agroforestry practices, other than those for property value 

improvement and beautification, are either moderately or very 

practicable. In fact, the bush fencers/planters hold favourable 
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Species preferences (shrubs and trees) 
•Selected floricultural shrub species in 1988 
•Production orientated income earning objectives due to selection of tree crops, 
dryland fodder and floricultura. 

•Interested in more carob information 

Muapment decisioll..malring 
•Purcbued property ov• forty years ago 
•Use of reduced tillage to control wind erosion, and use of crop and putme 
management practice& 

•Flexibility in mmagement decision-making by having varied live1tock grazing 
strategies depending upon the price. received for products 

·•In management pogramme: windbnlKI/ ahelterbelta, plantings to increue 
property value, plantatio111 of pinellott.. non-indigenous apeciea, buah 
regeneration, plantings to control water erosion, waterlogging and salinity 

•Budgets forbuah mmagement and farm tree growing 

•Most shrub and tree growing on MIE property 

I 

t 

Practicability and succea with applying agroforestry p.-.ctices 
•Sheltelbelta, plaIDtiona of native speciea, plantings to increue their properties' 
beauty, maintaining bushland& on ridges, rocky outcrops and poor, infertile sands, 
wildlife corridors moderately or very practicable 

•All shrub, tree planting and bush managemem practices to increue property 
production, not value, moderately or vecy practicable 
•Not very practicable to regenerate bush on poor, infertile sands 
•Weeds either a minor problem or not a problem 
•Weeds and chemicala killing shrubs and tree& not problems 
• Diseaaes and unknown cauae1 damaging or killing shrubs and tree& either 
medium or serious problems 

•Lack of technical solutions hold them back from successfully resolving tree 
growing problems 

Figure 7.3 : Characteristics of the Planters/Bush Fencers (Cluster 3) 
Source : Great Southern Tree Growing Survey, 1989 

~-

External Non-farm Relationships in the Macro-environment 

Internal Farmer and Family Fmm Business Relations of Production 
Attitudes to agroforestry practices and management 
• Makea a conscious effort to grow farm trees and forage shrubs, regenerate buah 
Janda, shrubs and tree& to reduce salinity 

•Originally interested in plantationa of native species, shrubs/treel on saJtland to 
control salinity, wide-spaced trees in pastures/croplands, bush regeneration, 
plantings to increase property value, control waterlogging, water erosion 

•Experienced with tree growing 
•Main reaaon prior to 1987: salt land reclamation 
•In 1988: plantings of tree crops for er.anomic purposes 
•Need for water erosion control plaminga, shrubs and treea on saltland for 
reclamation purpo1e1 and to produce •tock fodder 

•No reuona agroforestry economically risky 
•Plantations using native/exotic species, shrub plantings for stock fodder 
economic 

• Doea not know if bush regeneration, wildlife corridors, property beautification 
plantings economic 

• MosL important practise: growing shrubs and trees to reclaim saltland 
•Would initiate agroforeatry lelllinar or field day 
•Talked with more farmers about tree growing than other 
respondents 

/ 

/ 
/ 

/ 

Farmer and Farm Family 
Business Perspectives: 
Planters/Bush Fencers 

/ 
/ 

/ 
/ 

/ 

/ 

~--

Technical information and incentives for agroforestry 
•Semi-technical information sources, non-farm friends, CALM, books, videos, 
rural press 

•Financial incentives needed to fence bush from livestock 
•Know others who successfully used trees for bush revegecation 

Socioeconomic characteristics of farmers and farm families 
•Highly educated 
•More than forty years farming experience 
-Goal of expanding property holdings in the next five years, with or without a 
prior history of property expansion 

•No farming experience in other parts of Australia 

Family structure, indebtedness and decision-making 
•They, or their spouse& hav~ non-farm~ 

Biophysical charactemµcs and problems of respondents' properties 
•Property cleared before 194.o 
•Lowest rainfall part of the study area 

•Located on mixed soils of medium to heavy texture 
•Water erosion is worst land degradation problem affecting property production 
-Climate, insects, vermin, "'eeds pose less hazard 
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opinions about their overall success with applying agroforestry 

practices on their properties, and in relation to other farmers 

as well. 

These farmers and their families are characterised by having no 

intent ion to expand their property size in the next five years, 

with one child already having left the farm . They manage the 

largest properties in the study area (greater than lOOOha) . 

While the bush fencers/planters have less farming experience 

than other farmers, they have had some farming experience 

outside of Western Australia. Also , they or their spouses have 

outside non-farm experience, as well as agricultural college or 

university level education which makes them amongst the most 

talented of respondents in the study. 

It thus appears that the bush fencers/planters have more 

positive attitudes towards agroforestry than the bush grazers, 

but the third group of farmers, called the planters/bush 

fencers (cluster 3), are even more progressive (Figure 7 . 3) 

These farmers are characterised by having more than forty years 

farming experience, and being highly educated . They, or their 

spouses , also have had non-farm experience in the past. In 

addition, these farmers have the goal of expanding their 

property holdings, which are mainly sheep farming enterprises, 

in the next five years, whether or not they had a prior history 

of doing this. 

The planters/bush fencers are similar to the bush 

fencers/planters of cluster 2 in that both groups reported 

growing the most shrubs and trees on their MIE properties, 

rather than on other properties. However, this third cluster 

group has made a conscious effort to regenerate bushlands, and 

grow shrubs and trees on both farmed land and discharge areas 

and waterways. Their involvement in agroforestry appears to be 

more oriented towards controlling salinity than the bush 

fencers/planters. Their main reason for tree growing before 

1987 was salt land reclamation. This concern still continues, 

with planting to reclaim saltland being their most important 

agroforestry practice. In addition , they see a need for 

producing stock fodder on salt-affected sites, and controlling 

water erosion. 



These farmers are experienced with tree growing, and have 

talked with more farmers about this than have other 

respondents. This is logical, as they are owners of properties 

purchased over forty years ago and have already made a range of 

management decisions that incorporated agrof orestry practices 

into their farm planning. Likewise, the planters/bush fencers 

use the most progressive conservation farming practices, such 

as reduced tillage to control wind erosion, as well as crop and 

pasture management practices recommended by DAWA. They have 

also reported flexibility in their livestock grazing 

strategies, which is another progressive attribute. Such 

management decision-making has been partially the result of 

biophysical pressures put on these planters/bush fencers. Their 

farms are located in the lowest rainfall part of the study 

area, on mixed soils of medium to heavy texture where water 

erosion was the worst problem affecting their property's 

production. 

These farmers budget for bush management and farm tree growing, 

having production oriented income earning objectives with the 

species they use. They have selected tree crops, as well as 

dryland stock fodder and floricultural species, and they are 

interested in information about a new crop, the carob. Their 

information network is sophisticated and broad, using semi

technical sources, as well as personal sources, CALM, books, 

videos and the rural press. In addition, they reported knowing 

other farmers who successfully used trees for bush 

revegetation, but they needed financial incentives for fencing 

off bush from their stock. 

The planters/bush fencers reported that a range of shrub and 

tree growing practices for production purposes, including the 

maintenance of bushland on various sites, were either 

moderately or very practicable. However, these farmers were the 

only ones in the study area to state that a lack of technical 

solutions held them back from successfully resolving tree 

growing problems. Likewise, they were concerned about diseases 

and unknown causes damaging or killing shrubs and trees. Hence 

the awareness of the planters/bush fencers about problems 

affecting their plantings has also distinguished them from all 

other respondents. 
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In summary, the planters/bush fencers (cluster 3) and the bush 

fencers/planters (cluster 2) are reasonably similar with regard 

to a range of attributes. They are, however, fairly different 

from the bush grazers/planters who have substantially distinct 

interests and types of involvement in agroforestry. Judging 

from the severity of the biophysical characteristics and 

problems of the farmers' properties, these forces may have 

influenced their involvement in agroforestry as much as their 

attitudes and farm management decision-making. Likewise, it 

appears that their socioeconomic characteristics would have 

substantially affected their abilities and viewpoints about 

agroforestry, but such estimations are beyond the scope of the 

present stage of research. Hence it remains for the next 

chapter to identify relationships between these attributes, and 

determine which of them are the most important influences on 

the involvement of farmers in agroforestry. 

Overall Summary of the Characteristics of the Three Cluster Groups 

In the previous three chapters the characteristics of the three 

cluster groups of farmers in the study area have been 

identified. Using analysis of variance, eight sets of 

independent variables in this study's conceptual model which 

describe the internal farmer and family farm business relations 

of production have been tested for their association with 

involvement in agroforestry. 

In many instances, the bush grazers/planters (cluster 1) were 

found to have characteristics which fairly clearly 

differentiated them from the two other categories of 

involvement in the study area. This is particularly reflected 

in their differences with the bush fencers/planters (cluster 2) 

whose social backgrounds, attitudes, management decisions, 

experiences and actions led them to embrace a wide range of 

agroforestry practices, especially providing shade and shelter 

on farmed land. The third category of respondent, the 

planters/bush fencers, were strikingly similar to the second 

cluster group, although distinguished by their lesser emphas is 

on bush fencing but long-term involvement with shrub and tree 

growing particularly for salinity and water erosion control on 

discharge areas and waterways. It appears that farmers' 

perspectives on bush management are important determinants of 
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their involvement with growing trees on farmed land, and shrubs 

and trees on discharge areas and waterways. These findings lend 

credence to the thesis of this study which asserts that 

agroforestry involvement is a function of these inter

relationships. 

While a wide range of descriptive variables were found to 

influence farmers' decisions about agroforestry, the category 

of the respondents' involvement was not reflected by 

traditional indicators for agricultural innovations such as 

age, gender, income level, tenure, or risk assessment and 

information sharing behaviour. These results therefore 

contribute new information on farmers' views about the long

term, less financially remunerative aspects of sustainable 

land-use in an industrialised country context. 

The number of possible variables which could describe the 

perspectives of farmers and farm families on agroforestry 

involvement having been narrowed, the following subsection 

reviews which of these have the greatest impact on their 

decisions in the study area. 

7.1.2 Review of the Main Factors Infiuencing Agroforestry 
Invoivement 

The most relevant and interesting feature of the series of 

analyses in the previous three chapters has been meeting the 

second and final goal of this study - identification of the 

main factors influencing farmers in southern Western Australia 

to use agroforestry practices. PCA compressed the original data 

set into twenty-six new composite variables (factors) which 

describe the dominant influences on involvement. These 

composites are the basis for the summary statistical analysis 

in the next sections of this chapter (see Table 7 .1). Using 

factor scores and nearest neighbour analysis, farmers with 

similar attributes were identified in relation to the extent of 

their being more clustered than randomly distributed in the 

study area. In the previous three chapters, maps of these 

spatial relationships follow the discussions about each of the 

eight sets of main influencing factors. 

The four main attitudinal factors influencing agroforestry 

involvement differentiate between favourable perspectives about 
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land degradation control, and those which are less clearly so. 

Similarly, three management decision-making factors were 

identified which illustrate the contrasting approaches to 

integrating agroforestry practices into conventional 

agriculture in the study area . Varying use of technical 

information about agroforestry, and awareness about theory and 

the need for incentives were also found to be important 

dimensions of involvement that link decisions about bush 

management with shrub and tree growing. 

The main socioeconomic and family structure-related factors 

which were found to influence involvement in agroforestry 

likewise provide useful information which has not been reported 

elsewhere. With regard to the former, the current goals of 

farmers in relation to property expansion are of primary 

importance for describing the influence of socioeconomic 

factors. This first factor influencing agroforestry involvement 

contrasts with the two other new composite socioeconomic 

variables which describe small, mainly sheep farms and larger 

properties with educated, less experienced sheep farmers. 

Similarly , young farmers and families contrast with the older, 

diversified and extended farm family businesses in the study 

area. In addition, various biophysical factors such as wind 

erosion, clearing dates and location were found to be major 

influences on involvement in agroforestry . Farmers' opinions 

about the practicability of applying bush management and shrub 

and tree growing practices in the study area also 

differentiated several new influences on their agrof orestry 

involvement . Finally, three species preference-related 

dimensions of involvement in agroforestry were identified which 

contrast progressive tree crops perspectives with enthusiasm 

and constraints associated with drought fodder crop production . 

7. 1.3 Overall Sununary of Cluster Group Characteristics and the 
Main Factors I n fluencing Agroforestry Involvement 

ANOVA and PCA were used in the preceding three chapters to 

identify characteristics of respondents and dimensions of the 

conceptual model's internal farmer and family farm business 

relations of production which influence their involvement in 

agroforestry . The model's eight sets of independent variables 

describing these relations of production have proven useful for 
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this study's systematic approach to data reduction . The 

redundancies inherent in the original, large data set have now 

been eliminated . The 26 new composite variables revealed by PCA 

(see Table 7 . 1) reflect a substantial compression of the 200 

statistically significant rel a tionships which were identified 

in Chapters Four to Six using the Wilcoxon Rank Sum Test for 

non-parametr i c analysis of variance . 

These composites provide the basis for the next section's use 

of two conceptually different techniques, analysis of variance 

(ANOVA) and multiple regression , t o describe and analyse the 

main factors influencing agroforestry involvement, and their 

spatial distribution . Hence the r e sults from these two tests 

will serve to me et these sixth and seventh objectives of this 

study . Both ANOVA and regression are parametric techniques 

which assume a normal and independent distribution of mean 

values . The former is a test for measuring between group 

differences, in this case in relation to the differential 

involvement of the three cluster groups of farmers in 

agroforestry. The latter, multiple regression analysis, enables 

prediction of the relative strength of these main influencing 

factors on agroforestry involvement , and the extent to which 

they are inter-related. A model of farmer involvement in 

agrof orestry is therefore generated , which is something that 

has not been previously produced . The results of these two 

summary statistical analyses , followed by a discussion of thei r 

relevance, are reported in the following three sections . 

7.2 THE RELEVANCE OF CLUSTER GROUP AFFILIATION TO 
THE MAIN FACTORS INFLUENCING AGROFORESTRY 
INVOLVEMENT 

Having identified by PCA in the previous three chapters 26 new 

composite variables which influence farmer involvement in 

agroforestry , it remains uncertain the extent to which these 
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Internal Relations 'Bush Grazers/ 'Bush Fencers/ 'Planters/ 
of Production, and Planters' Planters' Bush Fencers' 
Composite (C luster (Cluster (Cluster Signif 
Variable No. One) Two) Three) F Prob -icant 
Descriptions Responses Mean Mean Mean Value >F (0.10) 

Attitudes lo egroforeslry practices 
11nd menagemenl 1 
•Favourable dllcharge area an:! 300 0.059 -0.097 0.052 0.81 0.~77 

waterway Imel degradation 
control oriented attitules 

•Ullinterestcd, non-conversant atlitules 300 0.252 0.009 -0.235 5.88 0.0031 
•Inexperienced farm tree growers 300 0 .110 0.038 -0.140 1.63 0.1975 

either not involved in bush 
management or having non-monetary 
attirudes towards it 

•Favourable shelter, asethetics and 300 -0.037 0. 195 -0.177 3.82 0.0231 
bush management attitules 

Biophysical characteristics 
end problems 1 
•Wind affected farmlan:I 337 -0.116 0.281 --0.135 6.17 0.0023 
•Recently cleared fanru 337 0.032 0. 154 -0.172 3.05 0.0486 
•Largely cleared, low rainfall, 337 0.029 -0.048 0.013 0.18 0.8313 

malice and sandplain country 

Socioeconomic characteristics 
of farmers end farm families 1 
•Non-exparuiionary farmers 446 -0.153 0.149 0.052 3.68 0.0259 
•Small, mainly sheep farms 446 0.239 -0.275 -0.044 10.37 0.0001 
•&iucatcd, less experienced 446 -0.116 0.116 0.036 2.16 0.1166 

sheep farmers 

Technical information end finenciel 
incentives for egroforestry I 
•Written, professional information 410 -0.125 --0.005 0.117 1.97 0.l-H2 

sources 
•Mainly non-profess ional, non-farm 410 0.003 -0.088 0.094 1.19 0.3051 

information sources 
•Awareness about windbreak theory, and 410 0.067 -0.247 0.196 7.68 0.0005 

the need for bush management incentives 

Practicability end success with 
applying egroforestry practices 1 
•Successful bush management, and 271 --0.055 -0.052 -0.095 0.69 0.5004 

growing native species 
•Unsuccessful bush management, or 271 0303 -0.049 -0.211 6.36 0.0020 

growing native or exotic species 
•Succcssfully growing native 271 -0.248 0.313 -O.CJ77 7.63 0.0006 

and exotic species 

Management decision-making 1 
•Mixed erosion control, bush 411 --0.024 --0.235 0.287 10.12 0.0001 

management, and property value 
improvement oriented decision-making 

• Bu:lgeting for bush management, 411 -0.133 -0.020 0.152 2.75 0.0652 
and shrub an:i tree growing 
on all properties 

•Older farms without property value 411 -0.049 -0.053 0.108 1.15 0.3172 
improvement plantings 

Species preferences (shrubs end trees) 1 
• T rec crops preference 90 -0.078 -0.029 0.118 0.30 0.7429 
•Drought fodder crop enthusiasm 90 0.167 -0.271 0.131 1.88 0.159'.! 
•Constraints to drought fodder crop 90 0.073 0.013 -0.094 0.2 1 0.8150 

production 

Family structure
2 

indebtedness end 
decision-making 
•Young farmers and families 111 --0.060 -0.055 0.171 0.55 0.5794 
•Older farm families 111 -0.046 -0.073 0.177 0.59 0.5546 
•Diversified family businesses Ill --0.140 0.138 -0.001 0.80 0.4511 
•Older, extended family businesses 111 0.287 -0.260 -0.029 3.26 o.~21 

Source: Great Southern Tree Growing Survey, 1989 t; Family Stmcture, Indebtedness and Decision
making Survey, 1991 2 

differentiate the three cluster groups of farmers. The 

conceptual model's internal farmer and family farm business 

relations of production establish the framework for using 

analysis of variance to accomplish this. The results of this 

first summary statistical analysis are reported in Table 7 .1. 

From the 26 composite 

found to differentiate 

of farmers to at least 

variables tested by ANOVA, twelve 

statistically the three cluster 

the 10 per cent level. Of these, 

were 

groups 

four 

were significant at the 5 per cent significance level, and 
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seven at the 1 per cent level. These composites comprise the 

following sets of social, economic and environmental relations 

of production from the conceptual model 

• attitudes to agroforestry practices and management 
• biophysical characteristics and problems 
• socioeconomic characteristics of farmers and farm 

families 
• technical information and financial incentives for 

agrof orestry 
• practicability and success with applying agroforestry 

practices 
• management decision-making 
• family structure, indebtedness and decision-making. 

Of all eight sets of internal on-farm relationships which 

characterise the farmers, farm family businesses and their 

farming operations in the study area, only one did not 

statistically differentiate the three cluster groups - species 

preferences. Hence these findings identify the main factors 

either influencing varying forms of farmer involvement in 

agroforestry, or general involvement, irrespective of cluster 

group affiliation. In addition, these results provide 

reasonable confirmation of the validity of the conceptual model 

which has guided this study. The null hypothesis of no 

difference between the new composite variables which comprise 

these independent sets of variables can therefore be rejected . 

The sets of composite variables which differentiate the 

categories of the respondents' involvement in agroforestry to 

at least the 10 per cent level will first be discussed. 

Pairwise t-tests for unequal sample sizes, with alpha= 0.05, 

were used to identify which of the mean values for the three 

cluster groups of farmers significantly differ in relation to 

each of the composite variables. These results were found to 

agree with the Duncan multiple comparison procedure (Duncan, 

1975). Discussion of the results of these tests will be 

followed by consideration of the remaining composites which did 

not statistically differ in relation to the decisions of these 

three groups of farmers. A general summary of the findings from 

ANOVA in Table 7.1 concludes this subsection of Chapter Severn. 
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7.2.1 Attitudes to Agroforestry Practices and Management 

Two distinctly different attitudes to agroforestry practices 

and management in the study area were found to differentiate 

the involvement of farmers in agroforestry 

• uninterested, non-conversant attitudes 
• favourable shelter, aesthetics and bush management 

attitudes. 

Uninterested, Non-conversant Attitudes 

In the first instance, the bush grazers/planters (cluster 1) 

were most differentiated from the planters/bush fencers 

(cluster 3) at the 99 per cent confidence level for their 

uninterested, non-conversant attitudes. The bush 

fencers/planters (cluster 2) are not as clearly distinguished 

from clusters one and three. This composite variable 

specifically describes farmers who reported having discussed 

agroforestry with the fewest number of others (1-5), and who 

were also unwilling to be involved with initiating seminars or 

field days on the subject. These results could be expected, as 

the cluster one farmers have limited involvement with bush 

management, or growing shrubs and trees (see Figure 7.1). 

This first attitudinal composite variable which differentiates 

farmers in the study area thus appears to describe common 

constraints to the involvement of farmers with new land-use 

practices such as agroforestry. While these attitudes reflect 

the traditional reserve and uncertainty of rural landholders, 

they were likely to have been held by only a minority during 

the time of this study's surveys in 1988-89. During this era 

there was a generally heightened public awareness of land 

degradation problems, and increasing amounts of governmental, 

private sector and farmer involvement with applying 

agroforestry practices in the study area (see Chapter One 

'Land Degradation Problems and the Agroforestry Response' , and 

'Information Sharing'). However, the declining wool and wheat 

prices in 1990 were likely to have caused such attitudes to 

become more prevalent constraints to agroforestry involvement 

than during the late 1980s. 

Favourable Shelter, Aesthetics and Bush Management Attitudes 

In contrast with the previous set of attitudes, ANOVA has 

likewise differentiated the more favourable shelter, aesthetics 
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and bush management attitudes of the second cluster group (the 

bush fencers/planters) from those of the third (the 

planters/bush fencers) at the 95 per cent confidence level. 

Once again, these results are not surprising and validate 

previous findings of this study about differences between these 

groups in relation to the dimensions of agrof orestry 

involvement (see Chapter Three, Figure 3.5). 

While bush management is more associated with cluster two, both 

groups are involved with applying a range of agroforestry 

practices on farmed land. The farmers in cluster two have had a 

history of tree planting, and providing shelter was one of 

their original reasons for involvement in agroforestry. In 

fact, they ranked windbreak planting as their most important 

agroforestry practice. This contrasts with the planters/bush 

fencers (cluster 3) who reported that salinity control 

plantings on discharge areas was their most important ranked 

practice. The farmers in both clusters two and three therefore 

share favourable attitudes towards using agroforestry practices 

for land degradation control. However, these attitudes markedly 

contrast with the uninterested, non-conversant ones of the bush 

grazers/planters in cluster 1 (see Figures 7.1 - 7.3). 

7.2.2 Biophysicai Characteristics and Probiems 

Two similar biophysical characteristics and problems of 

respondents' properties in the study area were found to 

differentiate the involvement of farmers in agroforestry 

• wind affected farmland 
• recently cleared farms. 

Wind Affected Farmland 

The importance of wind affected farmland as one of the main 

factors influencing agroforestry involvement in the study area 

has been identified by the ANOVA tests reported in Table 7.1. 

The bush fencers/planters (cluster 2) were differentiated at 

the 99 per cent confidence level from all other respondents for 

having reported the occurrence of this biophysical problem on 

their main income earning properties. Not only was wind the 

worst overall problem, but it was also the worst threat to 

production on the light to medium soil types associated with 

this biophysical dimension of agroforestry involvement in the 
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study area. These findings are therefore congruent with this 

second cluster group's favourable attitudes towards providing 

crop , stock and soil protection on their farmland . 

Recently Cleared Farms 

In the second instance where biophysical factors were found by 

ANOVA to differentiate agroforestry involvement in the study 

area, this same group of farmers, the bush fencers/planters, 

were found to be associated with having more recently cleared 

farms than the third cluster group (p = 0.0486). The farms of 

these farmers in cluster two are mostly located in the southern 

and southeastern parts of the study area where there has been 

extensive bush clearing on light land soils since the 1960s. In 

addition , with less than five per cent of the bushland on these 

properties remaining to be cleared, it is logical that wind 

erosion problems are associated with farms operated by the bush 

fencers/planters . In contrast, the planters/bush fencers have 

the oldest properties of all respondents in this study, which 

are mostly located on the heavier country to the west (see 

Chapter Three, Figure 3.6, and Chapter Seven, Figures 7.1 -

7 . 3) • 

7.2.3 Socioeconomic Characteristics of Farmers and Farm 
Famil.ies 

Two of the socioeconomic variable were found to differentiate 

the three categories of agroforestry involvement : 

• non-expansionary farmers 
• small, mainly sheep farms. 

Non-expansionary Farmers 

In relation to having tendencies towards being farmers with 

non-expansionary property expansion goals, the results best 

describe differences between the characteristics of the bush 

grazers/planters (cluster 1) and all other respondents (p = 

0.0259) . Hence, the farmer's negative association with having 

non-expansionary property goals contrasts more with the bush 

fencers/planters (cluster 2) than with the planters/bush 

fencers (cluster 3) . Clusters one and two were also found to be 

quite different when plotted in relation to the dimensi ons of 

agroforestry in the study area (see Chapter Three, Figure 3 . 5) . 

Further, these findings reinforce previous ANOVA findings that 
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quite different farmers and farm families are in clusters one 

and two (see Figures 7.1 -7.3). 

Small, Mainly Sheep Farms 

As in the previous case, the first cluster group has again been 

differentiated from the others, although more decisively at the 

99 per cent confidence level. The mean values for all three 

clusters are significantly different from one another. The bush 

grazers/planters are most associated with operating small, 

mainly sheep farms, while the second cluster group of farmers 

are more negatively associated with this attribute than the 

planters/bush fencers (cluster 3) . These findings are logical, 

and provide additional verification of both the differences 

between the spatial distribution of farmers of clusters one and 

two (see Chapter Three, Figure 3.6), as well as their 

socioeconomic characteristics (see Figures 7.1 - 7.3). 

7.2.4 Technical Information and Financial Incentives for 
Agrof orestry 

As with the previous set of internal relations of production 

influencing agroforestry involvement in the study area, one 

information and incentives-related composite variable was found 

to differentiate the respondents : awareness about windbreak 

theory, and the need for bush management incentives. It is not 

surprising that the bush fencers/planters (cluster 2) were 

statistically differentiated from the other respondents in this 

study for their negative association with this (p = 0.0005). 

While these cluster 2 farmers were found to have a poor 

understanding of windbreak theory (Figure 7.2), this has not 

limited their interest and involvement in growing trees or 

regenerating bushland for crop, stock and soil protection (see 

Chapter Five, Tables 5.10 & 5.11, and Figure 7.2). In addition, 

they do not need financial incentives to fence bushland areas 

on their properties, as they already are considerably more 

involved than other farmers with this activity (see Chapter 

Three, Figure 3.4, and Chapter Four, Table 4.7). Despite the 

involvement of the bush fencers/planters with providing shade 

and shelter on their properties, their success with using these 

agroforestry practices may, however, be limited by their poor 

understanding about the aerodynamic design of windbreaks for 

maximum downwind protection. 
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7.2.5 Practicability and Succe ss With Applying Agroforestry 
Practices 

Two practicability and success-related perspectives of 

respondents about agrof orestry in the study area were found to 

differentiate their involvement : 

• unsuccessful bush management, or growing native or exotic 
species 

• successfully growing native and exotic species. 

Unsuccessful Bush Management, or Growing Native or Exotic Species 

In the first instance, opinions about unsuccessful bush 

management, or growing either native or exotic shrubs and trees 

was found by ANOVA to differentiate the bush grazers/planters 

(cluster 1) from the other respondents at the 99 per cent 

confidence level. Both impracticability and inapplicability of 

regenerating or maintaining bushland were reported by these 

farmers, as well as a complete lack of success with growing or 

realising any benefits from shrubs and trees. These findings 

were not unexpected, as this group of farmers are little 

involved with using common types of agroforestry practices in 

the study area. 

Successfully Growing Native and Exotic Species 

In contrast to the first practicability and success-related 

dimension which identified the problems of the first cluster 

group with applying bush management and shrub and tree growing 

practices in the study area , the second differentiates the 

success of the bush fencers/planters with the latter. This 

group was found to differ from other respondents in relation to 

their having reported favourable opinons about successfully 

growing native and exotic species (p = 0 . 0006). This 

specifically refers to their having no major problems, and 

achieving high growth and survival rates with a range of native 

and exotic species, including pines. It is not surprising that 

the bush fencers/planters have these favourable perspectives on 

the practicability of growing diverse species. They are 

actively involved with a range of agroforestry practices which 

would be likely to involve using both native and exotic 

species. 
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7.2.6 Management Decision-making 

In Table 7.1, two management decision-making- related 

perspectives of respondents about agroforestry in the study 

area were found by ANOVA to differentiate their involvement 

• mixed erosion control, bush management, and property value 
improvement oriented decision-making 

• budgeting for bush management, and shrub and tree growing 
on all properties. 

Mixed Erosion Control, Bush Management, and Property Value Improvement Oriented Decision-making 

The management decision-making of the third cluster group, the 

planters/bush fencers, was differentiated at the 99 per cent 

confidence level from other farmers in relation to their having 

a broadly conceived strategy for applying agroforestry 

practices on their properties. This specifically refers to 

their having reported that water erosion control, bush 

management, and property value improvement plantings most 

closely approximate their agrof orestry-related farm management 

programmes. 

Hence this variable portrays the third cluster group having 

made both short-term (water erosion control) and long-term 

(bush regeneration and property value improvement) decisions, 

with varying degrees of potential financial return. These 

findings are not surprising, as this cluster group is comprised 

of the farmers most actively involved with applying bush 

management and tree growing practices on farmed land (see 

Figure 7.3). This is the only case where the planters/bush 

fencers (cluster 3) were found to differ from the two other 

cluster groups in relation to the main factors influencing 

agroforestry involvement in the study area. This is a somewhat 

similar relationship to that identified in the plots of the 

cluster groups and dimensions of agroforestry, where the 

farmers in this group are partly intermixed with the distinctly 

different clusters one and two (see Chapter Three, Figure 3.5) . 

The comparatively high F value for this ANOVA test indicates 

that there are substantial differences between the cluster 

groups - making this the strongest association in this summary 

statistical analysis between mean values for the cluster groups 

and the main factors influencing their agroforestry 

involvement. 
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Budgeting for Bush Management, and Shrub and Tree Growing on All Properties 

The second main management decision-making factor which 

differentiated the respondents according to the three 

categories of agroforestry involvement in the study area 

identifies the relevance of a financially driven style . Cluster 

three was most differentiated from the first cluster group for 

their having reported budget ing for bu s h ma nagement a nd shrub 

and tree growing on all properties (p = 0 . 0652). These findings 

could be expected from the previously reported differences 

between the bush gra zers/pl anters (c l uste r 1) and the 

progressive planters/bush fencers (cluste r 3) . It is logical 

that the latter not only approach agroforestry with a financial 

planning perspective , but al s o are actively involved wi t h 

applying these practices on all of their properties , not just 

their main income earning one . 

7. 2.7 Family Structure, Indebtedness and Decision-making 

ANOVA identified one family structure-related characteristic of 

the respondents in the study area which differentiated their 

involvement in agroforestry : older , extended family 

businesses . They have no young children, and live in extended 

family circumstances where no outside labour is used, having 

had no outside non-farm experience themselves . The bush 

grazers/planters (cluster 1) were found to be more associated 

with having this family structure than the bush 

fencers/planters of cluster 2 (p = 0 . 0421) . The third cluster 

are not as clearly differentiated, which is a similar finding 

to that reported for this group of farmers in relation to the 

socioeconomic attribute, non-expansionary farmers . It is not 

surprising that the bush grazers, who are little involved with 

agroforestry , have this family structure . The attribute of 

older , established farm families generally describes insular, 

self-sufficient characteristics which could predispose such 

people to remain aloof from using innovative new land-use 

practices. 

7 .2 . 8 Other Factors Influencing Agroforestry Involvement Which 
Did Not Differentiate the Three Cluster Groups 

Hence twelve of the composite variables which were identified 

in the previous section of this chapter as the main factors 

influencing agroforestry involvement were found to 

differentiate statistically the three cluster groups of 
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farmers. While the remaining fourteen composites had no such 

effects, they are nonetheless important factors which influence 

general agroforestry involvement in the study area. 

Species Preference (Shrubs and Trees) Composite Variables 

In the first instance, none of the composites in the set which 

describes species preferences was reported in Table 7.1 to 

differentiate the three categories of agroforestry involvement . 

Hence, it is reasonable to assume that irrespective of these 

categories which differentiate farmers in the study area, 

involvement in agroforestry is influenced by several species 

preference-related issues. These are tree crops preferences, 

and drought fodder crops enthusiasm as well as constraints. 

With regard to the tree crops, farmers in the study area have a 

continuing history of growing trees with economic potential for 

timber, fruit, medicinal and industrial products. Enthusiasm 

for drought fodder crops reflects the widely recognised need to 

supplement existing pastures with additional fodder species 

which may be more drought tolerant. These results from analysis 

of variance suggest that this enthusiasm has been held by 

farmers who are associated with any of the three categories of 

agroforestry involvement. Likewise, the constraints to drought 

fodder crop production, which are primarily related to labour 

and finance, can be envisaged to occur widely on properties 

throughout the study area. Hence, species preferences, 

enthusiasm and constraints can be assumed to have been 

generally held by farmers in the study area, no matter which 

category of agroforestry involvement they are associated with. 

Socioeconomic and Family Structure Composite Variables 

As with species preferences, several composite variables 

describing the socioeconomic characteristics and family 

structure of farmers and their farming operations in the study 

were found not to be specifically associated with any of the 

three categories of agroforestry involvement. Hence in the 

first instance, the educated, less experienced sheep farmers 

describe a general set of characteristics of respondents in the 

study area, irrespective of their cluster group affiliation. 

This indicates that although advanced education levels, sheep 

production enterprise types, and limited farming experience are 
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important socioeconomic influences on agroforestry involvement , 

these attributes cannot be assumed to be associated with any o f 

t he three reasonably distinct cluster groups of farmers. They 

are likely to be doing all or none of the three activities. 

With regard to family structure not differentiating the 

categories of involvement in agroforestry , three composites 

were identified by ANOVA . Neither young farmers and families, 

nor their opposite, older farm families, were found to be 

statistically related to the cluster groups. Hence it appears 

that varying types of agroforestry involvement in the study 

area can be associated with polar stages of the family 

development cycle. In a similar manner, the diversification of 

farm family businesses to have non-farm income is another main 

factor influencing agroforestry involvement in the study area 

which occurs irrespective of cluster group affiliation. 

Information, Incentives, Attitudes, and Management Decision-making Composite Variables 

As with the previous sets of composites which were not found to 

differentiate the categories of farmer involvement , similar 

information, incentives, attitudes and management decision

making composite variables have also been identified by ANOVA . 

In the first instance , no association was found between 

respondents in any of the three cluster groups and their use of 

technical information about agroforestry from either written, 

professional sources, or from non-professional, non-farm 

sources. Hence it appears that the perspectives of farmers 

about the relevance of technical information for agroforestry 

bear no relationship to the varying forms of bush management 

and shrub and tree growing they are engaged in. 

Differences between farmers in the three cluster groups were 

not found in relation to their having favourable attitudes to 

discharge area and waterway land degradation control, or being 

inexperienced farm tree growers either not involved in bush 

management or having non-monetary attitudes towards it. In 

relation to the former , it is not a surprise that cluster group 

affiliation has no impact on decisions to reclaim salt-affected 

farmland, creeklines and waterways . Respondents in the study 

area reported that this form of land degradation was the worst 

problem overall, as well as in relation to property value and 
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production (see Chapter Six, Figure 6.1). Likewise, with regard 

t o the l atter, it is also reasonable that study area farmers 

were not differentiated in relation to the variable describing 

inexperienced farm tree growers either not involved in bush 

management or having non-monetary attitudes towards it. Hence, 

there appear to be commonly shared attitudes amongst farmers in 

the study area which have resulted in little experience with 

farm tree growing, and non-involvement in bush regeneration or 

wildlife corridors - or a lack of concern for receiving 

financial gain from these bush management practices. Hence, 

irrespective of their varying types of involvement with 

agroforestry practices, these attitudes possibly reflect the 

traditional reserve of rural landholders towards innovations, 

as well as the general shortage of cost-benefit information in 

the late 1980s. 

Only one management decision-making composite variable did not 

differentiate the respondents according to three categories of 

involvement in agroforestry. No difference was found amongst 

the farmers in this study in relation to their operating older 

farms without current property value improvement plantings. 

This is not an unexpected result from ANOVA which may reflect 

the general uncertainty about agroforestry, especially to 

improve property values in all but the highest rainfall parts 

of the study area, where plantations could be grown. Hence, 

even the farmers in clusters two and three, who are involved 

with varying types of agroforestry, may own well established 

farms where long-term property value improvement strategies 

have not yet been implemented, or have been completed. 

Biophysical and Practicability Composite Variables 

The composite variable, largely cleared, low rainfall mallee 

and sandplain country, in Table 7.1 was not found to 

differentiate the respondents according to cluster group. This 

is not surprising, as these findings reflect the distribution 

of farmers in this part of the study area, where there is a 

mixture of cluster groups (see Chapter Three, Figure 3.6). In 

this large region there are predominantly cereal grain growing, 

or mixed cereal grain growing and sheep grazing enterprises 

which could logically be associated with any of the three 

categories of farmer involvement in agroforestry. 
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One composite variable describing opinions about the 

practicability of applying agroforestry practices was also 

found not to be associated with the cluster groups of farmers 

successful bush management and growing native species. This is 

not surprising, as even the farmers least involved with using a 

range of agroforestry practices, the bush grazers/planters 

(cluster 1), have been fencing off bushland areas to a limited 

extent. Also, since before 1987 they have been growing trees on 

farmland, and shrubs and trees on discharge areas. Hence, 

successful bush management, and growing native species occurs 

in the study area, irrespective of the three categories of 

farmer involvement in agroforestry postulated in the conceptual 

model. 

7.2.9 Summary : The Results from ANOVA 

Of the 26 composite variables tested by ANOVA for their 

association with the three cluster groups of farmers in this 

study, twelve were found to differentiate agroforestry 

involvement to at least the 90 per cent confidence level (Table 

7.1). These composites reflect all but the species preferences 

set of the eight internal farmer and family farm business 

relations of production which the conceptual model postulated 

as influences on agroforestry involvement. 

A broad mixture of social, economic and environmental factors 

therefore distinguishes the three cluster groups of farmers in 

this study. The main factors identified by ANOVA which 

differentiate the categories of involvement in agroforestry 

thus establish the basis for providing a substantially more 

compressed descriptive summary of the three cluster groups of 

farmers than was reported (see Figures 7.1 - 7.3). The 

relevance of cluster group affiliation to the main factors 

influencing agroforestry involvement in the study area will be 

considered in the first part of the following summary. 

In the first instance, the bush grazers/planters (cluster 1) 

were found, not surprisingly, to have uninterested, non

conversant attitudes towards agroforestry which differentiated 

them most from the progressive farmers in cluster three. The 

farmers of cluster one were, however, distinguished from all 

respondents for having been unsuccessful with bush management, 
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or growing native or exotic species. In addition, the family 

structure of these farmers was found to differ the most from 

the bush fencers/planters (cluster 2) in relation to their 

being associated with older, extended family businesses whose 

decisions reflect insular, self-sufficient attitudes . Likewise , 

the bush grazers/planters clearly differ from the farmers of 

cluster two for operating small, mainly sheep farms and having 

expansionary property goals. It is reasonably clear from these 

findings that there are several attitudinal, family structure, 

socioeconomic and practicability-related factors which 

influence the first cluster group's type of agroforestry 

involvement. 

In marked contrast with the bush grazers/planters, the ANOVA 

tests revealed that the bush fencers/planters (cluster 2) are 

involved with different categories of agroforestry practices. 

This is reflected by a range of factors, among which are the 

socioeconomic attributes of their not operating small, mainly 

sheep farms, and having non-expansionary property goals which 

distinguishes them from the bush grazers/planters (cluster 1) . 

These farmers in the second cluster group have favourable 

attitudes towards bush management and aesthetics. Despite a 

poor understanding of windbreak theory, they are also involved 

with providing protection for their crops and soils. These 

activities clearly distinguish them from the more salinity

control oriented planters/bush fencers, and the bush 

grazers/planters who are less successfully growing both native 

and exotic species . 

Likewise, their lack of concern about the need for financial 

incentives to reduce the costs of fencing off remnant bushland 

areas from their livestock logically reflects their greater 

involvement with this practice than the respondents in the 

other clusters. These attitudes and management decisions are 

also a likely consequence of their differentiation from other 

respondents in relation to the two main biophysical factors 

influencing agroforestry involvement in the study area . In the 

first instance, cluster two differs from all other respondents 

with respect to having wind affected farmland, while in the 

second instance they differ the most only from cluster three in 

relation to reporting that 95 per cent of the bushland on their 
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farms was cleared since the 1960s. These findings are congruent 

with the distribution of this cluster group in the central and 

eastern parts of the study area (see Chapter Three, Figure 

3. 6) . 

The planters/bush fencers (cluster 3) were only found by ANOVA 

to be associated with two of the main facto r s influe ncing 

agroforestry involvement in the study area . In the first 

instance, they strongly differ from all other respondents for 

having made both short and long-term management decision-making 

strategies about agroforestry . Their involvement with applying 

agroforestry practices for water erosion control, property 

value improvement , and bush management illustrates their 

comparatively more commi t ted, progressive perspective . The 

planters/bush fencers were , however, most distinguished from 

the bush grazers/planters (cluster 1) in relation to their 

budgeting for bush management and shrub and tree growing on all 

properties . As with the previous findings about these two 

groups of farmers , this is not unexpected as the latter are 

little involved with applying agroforestry practices in the 

study area. 

In contrast with the composites which differentiated farmers 

according to the three cluster groups , fourteen others had no 

impact on differentiating these distinctive groups in relation 

to their involvement in agroforestry . Hence, the main factors 

influencing farmer involvement in the study area, irrespective 

of cluster group affiliation , include 

• species preferences 
• socioeconomic and family structure attributes (education, 

enterprise type and size , farming experience, family stage 
and structure) 

• technical information sources 
• attitudinal and management decision- making perspectives 

(inexperienced farm tree growers either not involved in 
bush ma nagement or having non-monetary atti t udes towards 
it , land degradation control in discharge areas and 
waterways, property value improvement plantings on older 
farms) 

• biophysical characteristics of properties (largely cleared , 
low rainfall, mallee and sandplain country) 

• practicability of applying agroforestry practices 
(successful bush management, and growing native and exotic 
species) . 
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The overall relevance of these findings from ANOVA, whether 

they differentiate the farmers in re lation to the cluster 

groups or not, will be summarised in section 7.4 along with the 

results from the following regression analysis to describe the 

main factors influencing agroforestry involvement . 

7.3 PREDICTING INDIVIDUAL INVOLVEMENT IN 
AGROFORESTRY ON THE BASIS OF THE MAIN RELEVANT 
FACTORS 

This third section of Chapter Seven discusses the results of 

multiple regression to determine the relative strength and 

predictive power of the composite variables from PCA which were 

generated in the previous three chapters as the main influences 

on farmer involvement in agroforestry. The findings are 

reported in the following two subsections which cover model 

selection, and the spatial patterns of the residuals from the 

fitted models. Section 7.4 which concludes this chapter draws 

upon these results, as well as those from the previous 

section's use of ANOVA, to provide a comprehensive overview of 

the main factors influencing the involvement of farmers in 

agroforestry. 

7.3.1 Mode1 Se1ection 

The suites of independent variables revealed by principal 

components analysis provide a logical basis for development of 

a generalised linear model to describe the nature and form of 

the factors influencing farmer involvement in agroforestry . 

Regression is a parametric test in which variables are assumed 

to be independent and normally distributed (Rummel, 1967; 

Johnston, 1978; Shaw and Wheeler, 1985). A correlation matrix 

was produced as a first step to estimate the relative and joint 

effects on agroforestry involvement of the twenty-six 

independent predictor variables, and the three dependent 

variables (bush management, tree growing on farmed land, and 

shrub and tree growing on discharge areas and waterways) . Seven 

of the independent variables, which describe the impact of 

family structure and species preferences, had low response 

rates of 111 and 90 compared with the overall average of 297 . 

Since inclusion of these variables in the regressions would 

have reduced the number of cases from 53 to 16 or less, they 

were removed to prevent any loss of the overall predictive 

power of the models. 
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Nineteen independent variables are, therefore, used to test the 

hypothesis : 

that involvement of farmers in agroforestry is related to their socioeconomic 
characteristics, attitudes and management decision-making, the impact of 
biophysical forces, and their views on technical information, incentives and 
the practicability of applying agroforestry practices in the study area. 

To test the validity of this hypothesis, regression analyses 

have been run on overall involvement in agroforestry, and then 

on each of the three dimensions of agroforestry involvement -

bush management, tree growing on farmed land, and shrub and 

tree growing on discharge areas and waterways. In the models 

reported in this subsection, multiple regression was used to 

determine which variables best predict farmer involvement in 

agroforestry. Equal comparisons can be made between these 

independent variables because the factor scores provide 

standardised values as the raw data for these analyses. In all 

but one of the regression models there is a significant 

probability that the relevant independent variables predict the 

combined or individual dimensions of involvement in 

agroforestry reasonably well (p < 0.10). Stepwise, forward 

selection, backward elimination and maximum R2 improvement 

methods were tested on these data. The latter two methods 

produced the same results for each of the regression models 

which were tested. The final models, resulting from the 

backward elimination procedures which identify the main 

predictor variables, are reported in each case after the full 

fitted models. 

Modelling Overall Agroforestry Involvement 

The first model measures overall involvement in agroforestry by 

totalling the respondents' scores on all three dependent 

variables, having weighted them on the basis of the percentage 

of the total explained variance in the data set accounted for 

by each of them. This approach to predicting involvement thus 

provides the potential to produce an overall explanation of the 

main factors influencing bush management, as well as tree 

growing on farmed land, and shrub and tree growing on discharge 

areas and waterways. The main limitation of using a weighted 

sum is that it combines the three different dimensions of 

agroforestry and causes the extreme factor score values to be 

diluted . Hence the broad descriptive power of the survey ~ata 
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is reduced in order to predict overall involvement with three 

different types of agroforestry practices. The results of this 

regression for the 53 farmers who had responses for all 

nineteen independent variables are reported in Table 7.2 . 

It appears from the full model that overall involvement in 

agrof orestry is not predicted by all six sets of independent 

variables, but instead by only two. In the first instance, the 

full model predicts overall involvement by a negative 

association with the socioeconomic indicator 'small, mainly 

sheep farms'. The other predictor variable comes from the 

management decision-making set - 'budgeting for bush 

management, and shrub and tree growing on all properties'. 

While holding all other variables constant, these are 

reasonably strong predictors (respectively, p = 0.0611 and p = 
0.0739), but none of the other hypothesised predictor variables 

in this model influences overall involvement enough to have an 

effect which is statistically significant at the 90 per cent 

confidence level. Despite the R2 value explaining 44 per cent 

of the variability in overall involvement in agroforestry, 

after accounting for the number of variables used in the 

regression the total explained variance was lowered to an 

adjusted R2 value of 12 per cent. 

Although the literature review suggested that any of the 

nineteen independent variables in this regression might 

influence the involvement of farmers in agroforestry, it is not 

unexpected that in the full model only these socioeconomic 

management decision-making characteristics were found to be 

predictors of overall involvement. In the first instance, it is 

logical that involvement might be predicted by a negative 

association with the variable 'small, mainly sheep farms'. Such 

farms were found by ANOVA (Table 7.1) to be characterised by 

the bush grazers/planters (cluster 1), whose type of 

agroforestry involvement strongly contrasts with the 

progressive bush fencers/planters (cluster 2). 

With regard to the second predictor variable, it is quite 

likely that budgeting is a necessary prerequisite for realising 

the benefits of managing bushland, and growing trees on farmed 

land, and shrubs and trees on discharge areas and waterways. In 
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Full Model Fitted 

Variable OF 
INTERCEP 1 

Favourable discharge area and waterway land degradation control attitudes l 
Uninterested, non-conversant attitudes l 

Inexperienced fann tree growers either not involved in bush 
management or having non-monetary attitudes towards it 

Favourable shelter, aesthetics and bush management attitu::les 
Wind affected farmland 
Recently cleared farms 

Largely cleared, low rainfall, malice and sandplain country 
Mixed erosion control, property value improvement and bush management 

oriented decision-making 
Budgeting for bush management, and shrub and tree growing on all properties 

Older farms without current property value improvement plantings 
Non-expansionary farmers 
Small, mainly sheep farms 

Educated, less experienced sheep farmers 
Written, professional information sources 

Mainly non-professional, non-farm information sources 
Awareness about windbreak theory, and the need for bush management iooentives 

Successful bush management, and growing native species 
Unsuccessful bush management, or growing native or exotic species 

Successfully growing native and exotic species 

F-Value 1.38 
Prob>F 0.2047 

R-square 0.4422 
Adj R-sq 0.1212 

Degrees of Freedom 52 

Parameter 
Es tima te 

-0.277015 
0. 188342 

-0.090260 

-0.001 206 
-0.02Z757 
0.0206 12 
0.013991 

-0. 111251 
-0.009546 

0.305774 
-0.07492 1 
-0.030260 
-0.175786 
0.095539 

-0.165323 
0.143325 
0.077624 
0.131546 

-0.199231 
0.099033 

Standard 
Error 

0.12561141 
0.11355286 
0.10201609 

0. 11644866 
O.lQ.450223 
0.11989290 
0.10949428 
0.10049373 
0.09573216 

0.16564651 
0.08647 137 
0.08643146 
0.09066215 
0.09296892 
0.10872616 
0.11252008 
0.11182265 
0.10935596 
0.11884359 
0.12026970 

Final Model (Backward Elimination) 

Parameter 
Variable 

INTERCEP 
Budgeting for bush management, and shrub and tree growing on all properties 

DF Es timate 

Source: 

I -0.15303688 
1 0.3541 

F-Value 6.786 
Prob>F 0.01 20 

R-square 0.11 74 
Adj R-sq 0.1001 

Degrees o f Freedom 52 

Great Southern Tree Growing Survey, 1989 

Standard 
Error 

0.09598580 
0.1359 

't' for HO: 
Parameter=O 

-2205 
1.659 

-0.885 

-0.010 
-0.218 
0.172 
0.128 

-1.l ITT 
-0.100 

1.846 
-0.866 
-0.350 
-1.939 
1.028 

-1.521 
1.274 
0.694 
1.203 

-1.676 
0.823 

'!'for HO: 
Parameter=O 

-1.594 
2.605 

Prob>F 
0.0345 
0. 1067 
0.38:!7 

0.99 18 
0.8290 
0.8646 
0.8991 
0.2763 
0.92 12 

0.0739 
0.3925 
0.7285 
0.0611 
0.3 116 
0.1 379 
0.2116 
0.4924 
0.2376 
0.1031 
0.4162 

Prob>F 
0.1170 
0.0 120 

addition, budgeting, and a commitment to plantings on the main 

income earning property, and any other farmed land, would 

likely contribute to successful returns in the short-term, as 

well as with the less visible or financially remunerative 

management of bushland in the study area. 

As a preparatory step to develop a final mode l , a check was 

made for cross correlations among the independent variables. 

Since high correlations between any pairs of the nineteen 

independent variables were not identified, the data set was 

regarded as acceptable for regression analysis. A stepwise 

approach was subsequently applied using the backward 

elimination technique. The variables with the least 

contribution to the model were progressively deleted until only 

those which remained had a significant effect at the 90 per 

cent confidence level. The dependent variable (overall 

agroforestry involvement) and the one predictive variable in 

the final model are represented by 

OAF Overall agrofores~ry invo lvement 

BBS Budgeting fo r bush management , and shrub a nd tree growing o n all pro perties . 
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The equation for the final model of overall agroforestry 

involvement is expressed as follows, with the 't' value for the 

parameter estimate in parentheses : 

OAF= -0.15303688 + 0.3541BBS +/ - 0.09598580 
(2.605) 

Overall involvement with agroforestry (OAF) is best predicted 

by the management decision-making variable 'budgeting for bush 

management, and shrub and tree growing on all properties' 

(BBS) . As discussed in relation to the full model, this is not 

unexpected as it is likely that budgeting will enhance the 

benefits which can be realised by adopting agroforestry 

practices. The adjusted R2 value for the final model is 10.01 

per cent. 

In general, the findings from this regression reaffirm the 

relevance of the conceptual model for this study which posits 

that there are inter-relationships between the three dimensions 

of agroforestry in the study area. Decisions about involvement 

with bush management are not separate from those about the 

growing of trees on farmed land, or shrubs and trees on 

discharge areas and waterways. These results also confirm and 

add new information to the main influencing factors 

differentiating the three cluster groups which were identified 

by ANOVA (see section 7.2). These findings will be considered 

in section 7.4 which draws together the results from ANOVA and 

regression analysis to describe the main factors influencing 

farmer involvement in agroforestry. 

Spatial Patterns 

The spatial patterns of the standardised residuals from this 

multiple regression on overall agroforestry involvement in the 

study area have also been evaluated to identify if there are 

any contributing geographic factors. The final model (which was 

based on the 53 farmers who answered all nineteen independent 

variables) was applied to the total number of farmers who 

responded to all of the independent variables included in this 

particular model. Consequently, the number of residuals 

calculated exceeds the 53 respondents used in the development 
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KEY 
High Residual Values 

+ 1.00 or more 

+0.01 to +o.99 

0.00 to -0.99 

-1.00 or Jess 

no data available 

Low Residual Values 

#Farmers I Grid 

0 10 20 30 40 50 
#Grids 

Figure 7.4 : Mean residual values for 20 kilometre square grids from the regression on overall 
involvement in agroforestry in the study area 

Source : Great Southern Tree Growing Survey, 1989 

of the model. A similar situation occurs with subsequent 

regression models in this study. The predicted values for the 

respondents have been subtracted from the observed values to 

produce a statistical map which depicts the deviations, or 

residuals, from this equation. Spatial patterns have been 

created by establishing four gradations, or class intervals, of 

the standardised residuals which have possible values ranging 

from +3.00 to -3.00. The distribution of the grid cells with 

high or low mean residual values may provide relevant clues for 

determining why the observations which comprise them are poorly 

explained (Figure 7.4). Forty seven per cent had more than one 

farm per grid. 

As with the grid mean factor scores produced from PCA, nearest 

neighbour analysis was also used to analyse the grid mean 

residual values depicted on this map (Table 7.3). 
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Overall involvement 
in agroforestry 

Grid 
Mean 

Residual 
Value 

Rank* 

A 
B 
c 
D 

*Grid Mean Residual Value Rank: 
A +l.00 or more 
B +0.0 I to +0.99 
C 0.00 to -0.99 
D -1.00 or less 

No.of 
Farmers 

5 
80 
67 

6 

Density of 
Farmers per 
square km 

0.0000 
0.0010 
0.0008 
0.0000 

** Pattern Type : 

Mean 
Observed 
Distance 
(km) (Ra) 

74.236 
14.675 
14.435 
38.474 

a - more dispersed than random 
b - random 
c - more clustered than random 

Source: Great Southern Tree Growing Survey, 1989 

Expected 
Mean Distance 

in Random Nearest PallPrn 
Distribution Neighbour ZR p Type 

(km) (Re) Statistic (RY Test Value ** 

61.282 1.21 l -0.904 0.1841 a 
15.320 0.957 0.720 0.2358 b 
16.741 0.862 2.157 0.0158 c 
55.943 0.687 1.463 0.0721 c 

(I) R =Ra/Re 

The nearest neighbour analysis technique identified that there 

is spatial clustering of the grid squares both with low mean 

residual values (p = 0.0158), and with very low values (p = 
0.0721). The clustering of both grid types is evident 

throughout most of the study area, which suggests that the 

regression model over-predicts the occurrence of overall 

agroforestry involvement in a large region. While there is no 

clearly discernible pattern, most of the low value grids occur 

in the western third, where the least bush management is 

practised (see Chapter Three, Figure 3.2). 

Modelling the Three Dimensions of Agroforestry 

While the first regression combines the respondents' scores on 

all three dimensions of agroforestry to predict overall 

involvement with these land-use practices, another approach has 

also been taken to model this. In this case, each dimension of 

involvement is modelled separately. These regression models are 

reported in Tables 7.4 - 7.6. 

Bush Management 

The results of the multiple regression on the first dimension 

of involvement in agroforestry, bush management, for the 53 

farmers who had responses to all nineteen independent variables 

are reported in Table 7.4. 
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Full Model Fitted 

Variable OF 

INfERCEP 
Favourable discharge area and waterway larxl degradation control attitudes 

Uninterested, non-conversant attitudes 
Inexperienced farm tree growers either not involved in bush 

management or having non-monetary attitudes towards it 
Favourable shelter, aesthetics and bush management attitudes 

WiIXI affected farmland 
Recently cleared fanns 

Largely cleared, low rainfall, rnallee and sandplain country 
~fixed erosion control, property value improvement and bush management 

oriented decision-making 
Budgeting for bush management, and shrub and tree growing on all properties 

Older fanns without current property value improvement plantings 
Non-expansicnary farmers 
Small, mainly sheep fanns 

Educated, less experienced sheep farmen 
Written, professional information sources 

Mainly non-professional, non-farm information sources 
Awareness about windbreak theory, and the need for bush management incentives 

Successful bush management, and growing native species 
Unsuccessful bush management, or growing native or exotic species 

Successfully growing native and exotic species 

F-Value 1.29 
Prob>F 0.2553 

R-square 0.4257 
Adj R-sq 0.0951 

Degrees of Freedom 52 

Parameter 
Es timate 

-0.372384 
0.126 129 
0.053796 

-0.248326 
0.026992 
0.006490 
0.023430 

-0.376978 
-0.160460 

0.374628 
-0.038228 
-0.1#770 
-0.256742 
0.059410 

-0.259055 
0.105333 
0.179700 
0.077219 

-0.237791 
0.3574-H 

Standard 
Error 

0.22668584 
0.20492427 
0.18410432 

0.21015021 
0.18859095 
0.21636588 
0.19759991 
0.18135698 
0.17276397 

0.29893557 
0.15605140 
0.15597937 
0.16361432 
0.16777725 
0.19621371 
0.20306045 
0.20180182 
0.19735029 
0.21447223 
0.21704587 

Final Model (Backward Elimination) 

Variable DF 

INfERCEP 
Largely cleared, low rainfall, rnallee and sandplain country 

Budgeting for bush management, and shrub and tree growing on all properties 
Small, mainly sheep fanns 

Successfully growing native and exotic species 

Source: 

F-Value 5.720 
Prob>F 0.0008 

R-square 0.3228 
Adj R-sq 0.2664 

Degrees of Freedom 52 

Great Southern Tree Growing Survey, 1989 

Pararnetec 
Estimate 

-0.357328 
-0.2988 
0.4308 

-0.2278 
0.4143 

Standard 
Error 

0.15684049 
0.1335 
0.2281 
0.1205 
0.1622 

't' for HO: 
Parameter=<J 

-1.M3 
0.6 15 
0.292 

-1.182 
0.1-D 
0.030 
0.119 

-2.079 
-0.929 

1.253 
-0.245 
-0.928 
-1.569 
0.354 

-1.320 
0.519 
0.890 
0.391 

-1.109 
1.647 

't' for HO: 
Parameler=<l 

-2.278 
-2.237 
1.889 

-1.890 
2.553 

' 

Prob>F 

0.1099 
0.5425 
0.7720 

0.2458 
0.887 1 
0.9763 
0.9063 
0.0455 
0.3597 

0.2189 
0.8080 
0.3601 
0.1261 
0.7255 
0.1958 
0.6074 
0.3797 
0.6981 
0.2756 
0.1091 

Prob>F 

O.OZ72 
0.0300 
0.0650 
0.<XH8 
0.0139 

As with modelling overall 

7.2) , the same hypothesi s 

management. While holding 

involvement in agroforestry (Table 

applies to this regression on bush 

all other variables constant , the 

full model fitted, however , indicates that the biophysical 

variable 'largely cleared , low rainfall mallee and sandplain 

country' is a deterrent to bush management (p = 0 . 0455) . This 

result is not surprising as farmers in environments with light 

to medium soil types and low levels of rainfall have conserved 

little of the mallee vegetation (see Chapter 1 . 2 . 1 'The 

Biophysical Environment of the Study Area', and Chapter 5.4 . 1 

'Biophysical Characteristics and Problems of Respondents ' 

Properties') . Because of t he extensive clearing in this area, 

there is comparatively little opportunity for managing 

bushlands . However , many farmers in this area are characterised 

by actively managing the remaining bushland (see Chapter Three, 

Figure 3.6). 

None of the other hypothesised predictor variables in this 

model , however, has enough influence on involvement in bush 
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management to be significant. In comparison with the previous 

model of overall involvement in agroforestry, this model of 

bush management is also rather weak - having an R2 value of 42 

per cent which is lowered to an adjusted R2 value of 9 per 

cent, after accounting for the nineteen variables used . As in 

the final model for overall involvement in agroforestry , the 

backward elimination technique reduced the data to a subset of 

the most significant predictor variables. An improved result 

has been generated (with an adjusted R2 value of 27 per cent 

compared to 9 per cent for the full model) by the regression on 

bush management . In the final model the dependent variable 

(bush management), and the four predictive variables are 

represented by : 

BM Bush management 

LMS Largely cleared , low ra i nfall , mallee and sandplain country 

BBS Budgeting for bush management , and shrub and tree growing on all properties 

SNE Success fully growing native and exotic species 

SMS Small , ma inly sheep farms . 

The equation for the final model of bush management is 

expressed as follows, with the 't' values for each parameter 

estimate in parentheses : 

BM= -0.357328 + 0.4308BB S + 0 .4143SNE - 0 .2988LMS - 0.2278SMS +/- 0 .15684049 
(1.889) (2.553) (-2.237) (-1.890) 

The regression suggests that farmers can be most expected to 

use bush management practices if their management decision

making involves 'budgeting for bush management, and shrub and 

tree growing on all properties' (BBS). These results are 

logical, as budgeting, and a commitment to plantings on the 

main income earning property, and any other farmed land, would 

likely contribute to successful returns in the short-term, as 

well as with the less visible or financially remunerative 

management of bushland in the study area. 

The practicability variable 'successfully growing native and 

exotic species' (SNE) has the second biggest predictive effect 

on the model for bush management (BM) in the study area. Hence 

involvement with bush management in the study area is most 

likely to be associated with farmers who are of the opinon that 

they are successful growers of a wide range of species, not 

just natives or just exotics. These findings suggest a subtle 

inference which has important ramifications for predicting 
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involvement in bush management. Farmers' estimations of 

practicability and success with shrub and tree growing can 

influence their involvement with this seemingly different 

dimension of agroforestry - bush management. 

Negative associations with 'largely cleared, low rainfall, 

mallee and sandplain country' (LMS) and 'small, mainly sheep 

farms' (SMS) are additional, less important predictors of bush 

management. In the first instance, as the full model fitted 

showed, it is reasonable that the biophysical predictor (LMS) 

is negatively associated with involvement in bush management. A 

new predictor, although of limited influence on farmers 

managing bushland, is the socioeconomic variable (SMS) . That 

such farms are unlikely to be involved with bush management is 

a logical outcome as these properties are mainly located in the 

western third of the study area where bush grazing levels are 

highest (see Chapter 2, Figure 2.6, and Chapter 5.2.1 : 

'Socioeconomic Characteristics of Farmers and Farm Families'). 

The four independent variables in this final model therefore 

illuminate the inter-related aspects of predicting the 

involvement of farmers in agroforestry which the full model 

fitted also showed to a limited extent. Their use of bush 

management practices in the study area is mainly associated 

with their management decision-making and practicable 

experience with both this dimension of agroforestry, as well as 

shrub and tree growing. These findings also confirm the 

operational validity of the conceptual model for this study, 

which posits that such inter-relationships are likely to be 

reliable measures of involvement in agroforestry. 

Tree Growing on Farmed Land 

The results of the multiple regression on the second dimension 

of involvement in agroforestry, tree growing on farmed land, 

are reported in Table 7.5 . 
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Full Model Fitted 

Variable 

INfERCEP 
Favourable discharge area and waterway land degradation control attitooes 

Uninterested, non-conversant attitudes 
lnexperieooed farm tree grow= either not involved in bush 

management or having non-monetary attitudes towards it 
Favourable shelter, aesthetics and bush management attitoocs 

Wind affected fannland 
Recently cleared fa.nm 

Largely cleared, low rainfall, mallee and sandplain c01mtry 
Mixed erosion control, property value improvement and bush management 

oriemed decision-making 
Budgeting for bush management, and shrub and tree growing on all properties 

Older farms without curreDI property value improvement plantings 
Non-expansicruuy farmers 
Small, mainly sheep fa.nm 

Educated, less experienced sheep farmers 
Written, professional information sou.rcC3 

Mainly non-professional, non-farm information sourcC3 
Awareness about windbreak theory, and the need for bush management incentivC3 

Successful bush management, and growing native species 
Unsuccessful bush management, or growing native or exotic species 

Successfully growing native and exotic speciC3 

DF 

F-Value 2.05 
Prob>F 0.0341 

R-square 0.5416 
Adj R-sq 0.2777 

Degrees of Freedom 52 

Parameter 
Estimue 

-0.285425 
0.149610 

-0.328923 

0.163327 
-0.089601 
-0.001634 
0.217678 
0.224285 
0.229046 

0.233800 
-0.053044 
0.121510 

-0.087642 
0.308234 

-0.172868 
0.241844 

-0.007897 
0.017752 

-0.198416 
-0.198214 

Standard 
Error 

0.17684276 
0.15986607 
0.14362395 

0.16394294 
0.14712407 
0.16879192 
0.15415216 
0.14148069 
0.13477709 

0.23320641 
0.12173923 
0.12168304 
0.1Z763924 
0.13088684 
0.15307076 
0.15841206 
0.15743017 
0.15395744 
0.16731465 
0.16932240 

Final Model (Backward Elimination) 

Source: 

Variable DF 
INfERCEP 1 

Uninterested, non-conversant attitudes 1 
Largely cleared, low rainfall, mallee and sandplainc01mtry 1 

Educated, le.n expenenced sheep farmers 1 
Mainly non-profcssiooal, non-farm information sou.rcC3 1 

nsucccssful bush management, or growing native or exotic specics 1 

F Value 6.288 
Prob>F 0.0002 

R-square 0.4008 
Adj R-sq 0.3371 

Degrees ofFrecdom 52 

Great Southern Tree Growing Survey, 1989 

Parameter 
Estimate 

-0.194435 
-0.3598 
0.2992 
O.Z709 
0.2651 

-0.2445 

Standard 
Error 

0.125979Z7 
0.1219 
0.1105 
0.1136 
0.1182 
0.1218 

't' for HO: 
Paran1eter={) 

-1.614 
0.936 

-2.290 

0.996 
-0.609 
-0.010 
1.412 
1.585 
1.699 

1.003 
-0.436 
0.999 

-0.687 
2.355 

-1.129 
1.5Z7 

-0.431 
0.115 

-1.186 
-1.171 

'l' for HO= 
Parameter={) 

-1.543 
-2.950 
2.706 
2.385 
2.243 

-2.006 

Prob>F 

0.1161 
0.3562 
0.0285 

0.3264 
0 . .5467 
0.9923 
0.1673 
0.1224 
0.0986 

0.3234 
0.6659 
0.3253 
0.4971 
0.0246 
0 .2669 
0.1364 
0.6691 
0 .9089 
0 .2441 
0 .2501 

Prob>F 
0.1294 
0.0049 
0.0095 
0.0212 
0 .0297 
0.0506 

Although the hypothesis that all nineteen of the variables in 

this model predict tree growing on farmed land is rejected, the 

full model fitted is more powerful than any of the other ones 

which have been tested in this study (adjusted R2 value of 28 

per cent) . The three predictor variables which were revealed 

have enough influence above the random variation in the data 

that this is a statistically significant model (p = 0.0341) . 

The most important of these variables is a socioeconomic 

characteristic of farmers and farm families 'educated, less 

experienced sheep farmers' which positively predicts tree 

growing on farmed land (p <0 . 05) . It is likely that these 

farmers would be willing to embark upon long-term shrub and 

tree growing practices to provide shade, shelter and other 

benefits for their livestock and farming operations. Likewise , 

a negative association with the second most powerful predictor 

'uninterested, non-conversant attitudes' is a logical 

finding. That such attitudes are deterrents to involvement with 

this dimension of agroforestry is as reasonable as the third 
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predictor in the full model fitted which describes a management 

decision-making attribute. This predictor variable 'mixed 

erosion control, property value improvement and bush management 

oriented decision-making' once again affirms the continuing 

inter-relationship between bush management and involvement with 

the farm tree planting aspects of agrof orestry in the study 

area . 

In the final model there has been some improvement in the 

adjusted R2 values from 28 per cent to 34 per cent . For the 

regression on tree growing on farmed land the dependent and 

five predictive variables are represented by : 

TGF Tree growing on fa rmed land 

UNA Uninterested, non-conversant attitudes 

LMS Largely cleared, low rainfall, mallee and sandplain country 

NON Mainly non-professional, non-farm information sources 

UBM Unsuccessful bush management , or growing native or exotic species 

ELS Educated , less experienced sheep farmers . 

The equation for the final model of tree growing on farmed land 

is expressed as follows , with the 't' values for each parameter 

estimate in parentheses : 

TGF = -0.194435 + 0 .2992LMS + 0.2709ELS + 0.2651NON - 0.3598UNA -.2445(UBM) +/- 0.12597927 
(2.706) (2.385) (2.243) (-2.950) (-2.006) 

A negative association with 'uninterested, non-conversant 

attitudes ' (UNA) best predicts involvement with tree growing on 

farmed land (TGF) . Hence farmers are quite unlikely to be 

growing trees on their farmed land if they are not interested 

in or conversant with agroforestry. This outcome is not 

unexpected as farmers have traditionally resisted losing 

cultivable land from crop and pasture production by 

establishing competing perennial tree species . 

The next three variables in this model positively predict tree 

growing on farmed land - 'largely cleared low rainfall mallee 

and sandplain country' (LMS) , ' educated, less experienced sheep 

farmers' (ELS), and 'mainly non-professional, non-farm 

information sources' (NON) . The most important of these 

independent variables, the 'largely cleared low rainfall mallee 

and sandplain country' (LMS) , is of less strength than 

'uninterested, non-conversant attitudes' (UNA), but it 

positively predicts tree growing on farmed land . These results 
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are not unexpected, as it is likely that in this environment 

farmers would be growing trees on their farmed land to counter 

the adverse biophysical forces associated with high levels of 

native vegetation clearing, low rainfall and fragile soil 

types. 

'Mainly non-professional, non-farm information sources' (NON) 

is the fourth most powerful predictive variable for tree 

growing on farmed land. It is an interesting and unexpected 

finding that use of non-industry type information sources would 

be a predictor of this model. However, it is not unreasonable 

as the subject of tree growing on farmed land during the time 

of the present study was being widely discussed by the public 

at large, as well as reported by the rural media. Also, it is 

relevant to note that use of information from CALM is included 

in the composition of this technical information-related 

variable. The fifth, and last, variable which predicts farm 

land tree growing is 'educated, less experienced sheep 

farmers'. This not surprising, as these people have been 

exposed to agricultural college or university level education 

which would have been likely to facilitate their adoption of 

progressive land management strategies. 

Shrub and Tree Growing on Discharge Areas and Waterways 

Table 7.6 reports the results of the multiple regression of the 

six sets of nineteen hypothesised predictor variables on the 

third, and last, dimension of involvement in agroforestry -

shrub and tree growing on discharge areas and waterways. 

While the literature would have suggested otherwise, none of 

the nineteen variables in the full model fitted was found to 

have a significant predictive influence on shrub and tree 

growing on discharge areas and waterways. This is surprising as 

agroforestry practices commonly used to rehabilitate discharge 

areas and waterways, such as planting seedlings - particularly 

native species - and fencing from stock, are also applied to 

farmed land and bushland in the study area. 

394 



Full Model Fitted 

Variable DF 

INTERCEP 
Favourable discharge area and watccway lam degradation control attitudes 

Uninterested, non-conversant attitudes 
Inexperienced farm tree grow= either not involved in bush 

management or having non-monetary attitudes towards it 
Favourable sheller, aesthetics and bush management attitudes 

Win:! affected fannlam 
Recently cleared farms 

Largely cleared, low rainfall, mallee and sandplain country 
Mixed erosion control, property value improvement and bush management 

oriented decision-making 
Budgeting for bush management, and shrub and tree growing on all properties 

Older farms without current property value improvement plantings 
Non-expansionary farmers 
Small, mainly sheep farms 

Educated, less experienced sheep farmers 
Written, professional information sources 

Mainly non-professional, non-farm information sources 
Awareness about windbreak theory, and the need for bush management incentives 

Soccessful bush management, and growing native species 
Unsoccessful bush management, or growing native or exotic species 

Soccessfully growing native and exotic species 

Source: 

F Value 0.54 
Prob>F 0.9212 

R-square 0.2370 
Adj R-sq -0.2023 

Degrees of Freedom 52 

Great Southern Tree Growing Survey, 1989 

Parameter 
Estimate 

--0.~285 
0.356999 
0.008216 

0.194632 
-0.011952 
0.078940 

-0.306242 
-0.136902 
-0.095663 

0.290079 
-0.172963 
-0.052009 
-0.162603 
-0.156824 
0.013180 
0.064343 
0.112239 
0.397947 

-0.131614 
0.080712 

Standard 
Error 

0 .27384307 
0.24755446 
0.22240336 

0.25386754 
0.22782334 
0.26137626 
0.23870642 
0.21908450 
0.20870389 

0.36112284 
0.18851462 
0.18842761 
0.19765085 
0.20267979 
0.23703185 
0.24530292 
0.24378245 
0.23840488 
0.25908868 
0.26219771 

'l' far HO: 
Pararnet er=O 

-0.344 
1.+42 
0.037 

0.767 
-0.052 
0.302 

-1.283 
-0.625 
-0.458 

0.803 
-0.918 
-0.276 
-0.823 
-0.774 
0.056 
0.262 
0.460 
1.669 

-0.508 
0.308 

Prob>F 

0.73~8 
0.1587 
0.9708 

0.4487 
0.9585 
0.7645 
0.2085 
0.5363 
0.CH97 

0.4276 
0.3655 
0.7843 
0.4166 
0.4446 
0.9560 
0.7947 
0.CH82 
0.1C»5 
0.6148 
0.7601 

The outcome from this third regression is likely caused by 

several inter-related factors. In the first instance, this 

dimension of involvement in agroforestry only explains fourteen 

per cent of the total variance in the data set, while bush 

management and tree growing on farmed land describe about 26 

and 22 per cent respectively (see Chapter Three, Table 3.2). 

Several of the binary dependent variables have been converted 

to serial, continuous form, but none of the binary independent 

variables has been. This has resulted in a steady loss of 

information and detail in the subsequent compression to 

composite variables by PCA. As no model could be fitted, the 

backward elimination technique was not used to produce an 

optimal subset of predictive variables for the final model. 

Spatial Patterns of the Residuals From the Final Models 

The spatial patterns of the standardised residuals from the two 

final regression equations have also been evaluated to provide 

information for predicting agroforestry involvement. Using the 

final models for the first two dimensions of agrof orestry in 

the study area, the predicted values for respondents have been 

subtracted from the observed values in each instance to produce 

statistical maps which depict the deviations, or residuals, 

from these equations. These maps are used in this study to 

ascertain if there are any unexplained factors which might 

influence involvement with bush management, and tree growing on 
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farmed land (Figure 7.5). While the map for bush management has 

24 per cent of grid squares with more than one farm each, the 

map for tree growing on farmed land has only 20 per cent. 

Nearest neighbour analysis identified several instances where 

grid squares with mean residual values from the regressions on 

the two dimensions of agroforestry were located in 

statistically significant patterns (Table 7.7). 

Grid Expected 
Mean Mean Mean Distance 

Residual Density of Observed in Random Nearest Pal/em 
Value No.of Farmers per Distance Distribution Neighbour ZR p Type 

Rank* Farmers square km (km) (Ra) (km) (Re) Statistic (RJ1 Test Value ** 

Bush A 15 0.0001 24.730 35.381 0.698 2.230 0.0129 c 
management B 15 0.0001 19.318 35.381 1.111 -0.824 0.2061 b 

c 25 0.0003 30.785 27.406 1.123 -1.179 0.1210 b 
D 6 0.00007 28.028 55.943 0.501 2.338 0.0099 c 

Tree growing on A 4 0.00005 57.084 68.516 0.833 0.638 0.2643 b 
farmed land B 23 0.0003 31.470 28.573 1.101 -0.930 0.1762 a 

c 19 0.0002 34.083 31.437 1.084 -0.701 0.2420 b 
D 5 0.00006 120.905 61.282 1.972 -4.161 0.0000 a 

*Grid Mean Residual Value Rank: **Pattern Type: 
A +l.00 or more a - more dispersed than random (1) R =Ra/Re 
B +O.ol to +0.99 b - random 
c 0.00 to -0.99 c - more clustered than random 
D -1.00 or less 

Source: Great Southern Tree Growing Survey, 1989 

Bush Management 

With regard to the regression on bush management (illustrated 

by map 'a'), the grid squares with highly positive mean 

residual values are mainly clustered northwards and eastwards 

of the western region (p = 0.0129). These findings provide 

reasonable verification that in the west the farmers (mainly 

bush grazers/planters) are less likely to be highly involved 

with bush management than in other parts of the study area (see 

Chapter Three, Figure 3.6). 

Predicting involvement with bush management was limited by a 

farm family located to the east of Mt. Barker who had a highly 

negative residual value. This reflects their low bushland to 

farmland ratio, a very low percentage of bush fencing, and a 

consequently high level of bush grazing. Despite their having 

reported high levels of tree planting prior to 1987 and 

afterwards, they have not prevented their livestock from using 

the remaining bushland for shade and shelter. 
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#Grids 

KEY 
High Residual Values # Farme13 /Grid 

+LOO or more M~~I 
+0.01 to +0.99 

0.00 to -0.99 
2 

-1.00or less 

no data available 
10 20 30 40 

#Grids 
Low Residual Values 

Figure 7.5: Mean residual values for 20 kilometre square grids from regression (a) model 1: bush 
management, (b) model 2 : tree growing on farmed land 

Source: Great Southern Tree Growing Survey, 1989 
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Tree Growing on Farmed Land 

The residuals from the regression of tree growing on farmed 

land on the nineteen independent variables are portrayed by map 

'b' in Figure 7.5. Nearest neighbour analysis identified only 

random and more dispersed than random grid pattern types. No 

clearly discernable geographical patterns can be identified. 

Predicting involvement with this dimension of agroforestry was 

not limited by respondents having extreme residual values (> 

+2.0 or< -2.0). Such deviant cases would have been likely to 

mainly portray either very large, or small numbers of trees 

planted pre-1987 and in 1987. 

7.3.2 Summary : Results from the Regression Analyses 

In this chapter regression analysis has been used to measure 

the strength of factors influencing farmer involvement in 

agroforestry. This was to determine which of the independent 

variables are associated with each other, and which best 

predict agroforestry involvement. Two approaches have been used 

to achieve this. One uses average factor scores to provide an 

overall measure of agroforestry involvement, while the other is 

based upon the respondents' scores, separately, for the three 

dimensions of this land-use practice in the study area (bush 

management, tree growing on farmed land, and shrub and tree 

growing on discharge areas and waterways) . 

While there is a considerable amount of variability between t he 

nineteen predictor variables which were tested, these models 

provide the best estimation of the factors influencing farmer 

involvement in agroforestry. It is not surprising to find that 

low prediction levels result from the regressions in this 

research. The variability of human nature over a large 

geographic region such as the study area is difficult to 

predict, particularly in relation to a new land-use practice 

which has not been previously analysed in such a manner. The 

aim of this study was not to develop a theory which could be 

tested by such measures, but rather to explore and describe 

farmers' perspectives on involvement with agroforestry in an 

industrialised country. The regressions have, however, served a 

useful purpose in this summary statistical analysis by 

identifying the relative strengths and inter-relationships 

between the main factors influencing farmers' perspectives 

about agroforestry. 
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The adjusted R2 values for the multiple regressions in this 

study i ndicate that the predict ive variables explain at best 

thi rty-four per cent of the variability in one of the models -

t ree growing on farmed land. This is higher than the adjusted 

R2 values for the model of the bush management dimension of 

agroforestry, and the model of overall i nvolvement in 

agroforestry. These findings are possibly a reflection of the 

survey questionnaires which drew upon existing knowledge about 

agroforestry in the study area and similar regions. At that 

time (pre-1988), more was known about the perspectives of 

farmers on tree growing on farmed land than about bush 

management, or shrub and tree growing on discharge areas and 

waterways. Predicting involvement with the latter appears to be 

the most tenuous. 

I n relation to the results from using these two approaches, 

several socioeconomic, practicability, biophysical, attitudinal 

and management decision-making variables exhibit the greatest 

predictive power in the final models. One of these was found to 

have strong predictive power in the overall agroforestry 

involvement model, and one of the models for the dimensions of 

involvement in agroforestry. Hence the management decision

making variable, 'budgeting for bush management, and shrub and 

tree growing on all properties' (BBS) has the greatest overall 

effect for explaining between model differences for overall 

involvement (Table 7.2), and bush management (Table 7.4). With 

regard to modelling overall agroforestry involvement, it is 

logical and not unexpected that a management decision-making 

strategy, with budgeting and a commitment to planting on all 

properties, would be the best predictor of this. 

The second approach to modelling involvement in agroforestry 

produced equally interesting, albeit in one case disappointing, 

results. In that instance, shrub and tree growing on discharge 

areas and waterways was unsuccessfully predicted in the third 

regression model (Table 7.6) . However, the first of the other 

two multiple regressions revealed that bush management can be 

predicted by variables which describe the biophysical 

e nvironment, socioeconomic characteristics of farmers and farm 

f amilies, their management decision-making style, and opinions 

about the practicability of applying such practices. These 
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findings provide confirmation of the operational validity o f 

the conceptual model which posits that a range of social, 

economic and biophysical factors can be associated with 

describing involvement in bush management. 

In Table 7 . 5 the best predictor of tree growing on farmed l and 

(TGF) is a negative association with the attitudinal variable 

'uninterested, non-conversant attitudes' (UNA) . Historic 

resource management decision-making attitudes were identified 

that account for this. The other variable which negatively 

predicts this dimension of agroforestry involvement is a 

logical one - 'unsuccessful bush management, or growing nat ive 

or exotic species' (UBM). In contrast, the three other 

predictive variables which were identified in this regres sion 

exert positive influences on tree growing on farmed land i n the 

study area. The most important of these is of comparably l ess 

strength than UNA, but is instead a biophysical predictor, 

'largely cleared, low rainfall mallee and sandplain country ' 

(LMS) . As a result of adverse biophysical conditions in the 

central and eastern parts of the study area, farmers are more 

likely to be growing trees on their farmed land than managing 

bushland, or growing shrubs and trees on adjoining discharge 

areas and waterways. 

The last two predictive variables in this second model des cribe 

a socioeconomic attribute, 'educated , less experienced sheep 

farmers', and technical information sources 'mainly non

professional, non-farm information sources'. Both results a re 

logical, and not unexpected predictors of involvement with tree 

growing on farmed land. Well educated farmers, with sheep which 

benefit from shade and shelter in the study area, would b e 

likely to have a broadly conceived management decision-making 

strategy for integrating agrof orestry practices into their 

farming operations. Likewise , it is reasonable that consulting 

a broad range of non-industry information sources, along with 

CALM, might have also favourably influenced farmer involvement. 

Analysis of the spatial distribution of the residual values has 

provided little information about unexplained factors 

influencing involvement in agroforestry . For example, there i s 

little likelihood of farme r s being highly involved with bush 



management in the western parts of the study area. One 

exceptionally deviant case was found where a farmer on the 

eastern boundary of this area reported a low bushland to 

farmland ratio, a very low percentage of bush fenced, and a 

high level of bush grazing . In contrast, predicting involvement 

with tree growing on farmed land had no clear spatial 

component , and was not found to be limited by the presence of 

any farmers with extreme residual values. 

Composite Variable 
Description 

Overall 
Agroforestry 
Involvement 

Regressions 

Bush 
Management 

Tree Growing 
on Farmed 

Land 

The Main Factors Influencing Agroforestry Involvement 

Uninterested, non-conversant attitudes 

Budgeting for bush management, 
and shrub and tree growing on 
all properties 

Successfully growing native and 
exotic species 

Unsuccessful bush management, or 
growing native or exotic species 

Small, mainly sheep farms 

Significant Contributing Influences on Agroforestry Involvement 

Largely cleared, low rainfall, 
maUee and sandplain country 

Educated, less experienced 
sheep farmers 

Mainly non-professional, non-farm 
information sources 

Source: Great Southern Tree Growing Survey, 1989 

./ ./ 

./ 

./ 

Shrub and 
Tree Growing 
on Discharge 

Areas and 
and W atenvays 

ANOVA 

Cluster 
Group 

Different
iation 

Cl/C3 

C3/Cl 

C2 

Cl 

Cl/C2 

7.4 ANOVA AND REGRESSION ANALYSIS THE MAIN FACTORS 
INFLUENCING AGROFORESTRY INVOLVEMENT IN THE 
STUDY AREA 

The previous two subsections have reported the results from 

using, respectively , ANOVA and regression analysis to identify 

the main factors influencing agroforestry involvement in the 

study area . In several cases the results from these summary 

statistical analyses overlap, while in others they differ 

(Tab 1 e 7 . 8 ) . 
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In this subsection of Chapter Seven, the composite variables 

which were found to be predictors of involvement, and 

differentiate the three cluster groups of farmers are reporte 

as the main factors influencing involvement in agroforestry . 

Although the remainder are not considered to be the main 

factors, they are also discussed as significant contributing 

influences which affect farmers' involvement in agroforestry . 

7.4.1 The Main Factors Influencing Farmer Involvement 

Five of the composite variables originally identified by PCA a 

factors influencing involvement in agroforestry were found t o 

be predictors as well as differentiators of the three 

distinctive groups of farmers. The following are therefore the 

most important factors influencing agroforestry involvement in 

the study area 

• uninterested, non-conversant attitudes 
• budgeting for bush management, and shrub and tree growing 

on all properties 
• successfully growing native and exotic species 
• unsuccessful bush management, or growing native or exotic 

species 
• small, mainly sheep farms. 

Uninterested, Non-conversant Attitudes 

In the first instance, a major constraint to agroforestry 

involvement has been identified by one of the regression 

analyses, and ANOVA - uninterested, non-conversant attitudes . 

Hence, this attitude is the strongest predictor of non

involvement with growing trees on farmed land. It is therefore 

unsurprising that ANOVA differentiated the bush 

grazers/planters (cluster 1), who are least involved with 

applying agroforestry practices, from the planters/bush fencer 

(cluster 3) in this study for having such attitudes. While 

farmers with such attitudes were found to be clustered together 

in patterns throughout the study area which differed from 

random, these groupings did not appear to be dominant in any 

one area. 

Although this attitude describes the traditional uncertainty 

and reserve of farmers towards involvement with new land-use 

innovations, there was considerable enthusiasm and interest in 

agroforestry during the time of this study's surveys in 1988-

89. However, uninterested, non-conversant attitudes on the par 
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o- farmers are likely to have become more prevalent since then, 

ue to the general deterioration in rural incomes from 

eclining wheat and wool prices. Hence, this composite variable 

may have increasing relevance for identifying one of the main 

factors negatively influencing agroforestry involvement. 

Budgeting for Bush Management, and Shrub and Tree Growing on All Properties 

In the second instance , a management decision-making composite 

variable which was found by ANOVA to differentiate the three 

cluster groups of farmers also is a predictor of the models for 

overall agroforestry involvement, and specifically for bush 

management. The farmers somewhat associated with budgeting for 

ush management , and shrub and tree growing on all properties 

are surprisingly more clustered than randomly distributed in 

he study area . As it is unlikely that such a general 

management decision-making style would respond to locational 

influences, there is no particular rationale for explaining why 

hey are mainly found in the west, southwest and southeast. 

Budgeting for bush management, and shrub and tree growing on 

all properties is a logical characteristic of the planters/bush 

:encers in cluster three which clearly distinguishes them from 

he first cluster group of farmers, whose negative attitudes 

have already been described. It is also likely that these 

management decision-making characteristics of progressive 

farmers are predictors of overall agroforestry involvement, as 

well as bush management . Such decisions are reasonably 

ssociated with farmers who are committed to involvement in 

agroforestry, not just on their main income earning property. 

This composite variable thus assumes particular importance in 

his study by identifying that a financially based management 

ecision-making style is associated with predicting dimensions 

of agroforestry in the study area which have limited potential 

conomic returns, particularly in the short-term. 

uccessfully Growing Native and Exotic Species 

The third main factor influencing agroforestry involvement 

identifies the relevance of farmers' perspectives on the 

racticability of applying such practices in the study area. 

This composite predicts bush management, as well as 

ifferentiates the farmers according to the cluster groups . 
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While being a subtle and important inference, it is not 

unexpected to find that prediction of bush management is 

related to the success of farmers with implementing shrub 

tree growing practices. Such farmers would be more favoura 

towards the longer term aspects of agrof orestry than those 

have difficulties with growing shrubs and trees. This also 

reaffirms the relevance of the conceptual model for this s 

which postulates that involvement in agroforestry is associa 

with the perspectives of farmers and farm family businesses 

about shrub and tree growing, as well as bush management . 

Experience with successfully growing native and exotic specie 

is also logically associated with differentiating from other 

respondents the bush fencers/planters (cluster 2), who are 

predominantly involved with providing shelter for their cro 

and stock. Hence, other respondents contrast with them by bei 

either little involved with applying agroforestry practice 

(cluster 1), or mainly salinity control oriented and not as 

likely to have used exotic species such as pines, particular 

for reclaiming adverse, saline environments (cluster 3) . These 

differences reaffirm the findings from nearest neighbour 

analysis which identified that respondents least associated 

with successfully growing native and exotic species are 

spatially clustered in the western third of the study area , 

where salinity problems are greatest. 

Unsuccessful Bush Management, or Growing Native or Exotic Species 

The three previously reported main influencing factors 

differentiate the farmers according to the three cluster group 

and predict either overall agroforestry involvement, bush 

management, or tree growing on farmed land. In addition , a 

practicability-related composite variable was found to 

differentiate the farmers according to their cluster group , an 
predict their involvement with one of the dimensions of 

agroforestry - tree growing on farmed land. This variable , 

labelled 'unsuccessful bush management, or growing native or 

exotic species' was found to be a predictor of tree growing on 

farmed land. Logically, it also differentiates the bush 

grazers/planters (cluster 1) from all other respondents . 
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mall, Mainly Sheep Farms 

f i fth, and last, composite which was found by regression to 

~di et agroforestry involvement and differentiate the cluster 

roups is a socioeconomic variable - 'small, mainly sheep 

r ms'. Thi s is a negative predictor of bush management, h aving 

e bush grazers/planters (cluster 1) most as s ociated with it. 

hat such properties are predictors of non-involvement with 

management reaffirms the validity of the distribution of 

armers according to cluster group (see Chapter 2, Figure 2.6) . 

7.4.2 Significant Contributing Infiuences on Agroforestry 
Invoivement 

Having discussed the five main influencing factors on 

r oforestry involvement in the study area, it remains to 

those with compa ratively less impact which were 

in the summary statistical analysis. None of these 

contributing influences predicts overall 

oforestry involvement or differentiates the farmers 

ccording to the three cluster groups. Although they were found 

hese tests not to differentiate the cluster groups, they 

nonetheless important factors which influence all 

e spond e nts, irrespective of cluster group affiliation (see 

Hence only those composites which predicted the 

egories of involvement are considered significant 

cor t r i but ing influences on agroforestry involvement. 

0 e signif icant contributing influence predicts both bush 

1agement and tree growing on farmed land , with the other two 

o nd to predict only tree growing on farmed land. In the first 

ance, a biophysical factor - 'largely cleared, low 

mallee and sandplain country ' - negatively predicts 

but positively predicts tree growing on farmed 

. Non- i nvolvement with managing the limited amounts of 

such areas is a likely outcome from 

r ession which reflects the adverse biophysical conditions in 

central and eastern parts of the study area. However, in 

r ast , this predictor variable logically identified that in 

ch environments, where shade and shelter are much needed, 

mer s are more likely to grow trees on their farmed land. It 

u i te reasonable that farmers would get involved with 

ementi ng agrof orestry improvements on their farmed land to 

l ev'ate the problems associated with high levels of native 
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vegetation clearing, drought, and fragile soil types which 

susceptible to varying forms of land degradation. Farmers 

associated with this biophysical influence on involvemen i 

agroforestry are, not surprisingly, located in a more cluste 

than random pattern throughout the mallee and sandplain cou 

of the study area. 

A socioeconomic characteristic of farmers and farm families , 

educated, less experienced sheep farmers, is the second main 

influencing factor on agroforestry involvement which does no 

differentiate the farmers but is instead a predictor of tree 

growing on farmed land. Again, this is not unexpected as it i 

quite likely that such characteristics could favourably 

influence use of agrof orestry practices on farmed land , 

particularly with regard to the benefits from providing sha e 

and shelter for sheep. It may well be a relevant corollary h 

the other farmers in this study, who operate predominantly 

mixed cereal grain and livestock producing enterprises , are 

less likely to be involved with farmland agroforestry . Hen e , 

the farmers most associated with being educated, less 

experienced sheep farmers were found to be clustered towards 

the western edge of the study area where sheep production is 

most prevalent. 

The third, and last, significant contributing influence on 

involvement in agroforestry describes farmers' use of technic 

information - 'mainly non-professional, non-farm information 

sources'. This variable was found to predict tree growing on 

farmed land - a reasonable finding which reflects the broad 

range of information sources during the late 1980s encouragi 

farmers to plant trees, particularly on farmed land to reduce 

land degradation. 

7.4.3 Summary : The Main Factors Influencing Agroforestry 
Involvement 

The summary statistical analysis has identified that there is 

mixture of both reasonably obvious and subtle factors 

influencing farmer involvement in agroforestry. Their relative 

importance has been identified in relation to the extent to 

which they differentiate farmers, and predict either overall 

involvement, or the dimensions of agroforestry in the study 

area. 

406 



7 5 ALTERNATIVE APPROACHES TO IMPROVE IDENTIFICATION 
OF THE MAIN FACTORS INFLUENCING AGROFORESTRY 
INVOLVE:MENT 

multiple regression findings reported in the preceding 

sections have resulted in several poor predictive models of 

oforestry involvement. In this subsection possible reasons 

or hese disappointing results are first outlined. This is 

o lowed by reports on (1) changes/additions to the dependent 

independent variables to be used in new regressions, (2) 

e scaling of variables wherever possible, and (3) the 

· dings from alternative approaches that were subsequently 

es ed to improve the prediction of agroforestry involvement. 

7.5.1 Possible Causes For Poor Prediction Levels 

rce quantitative measures of the dimensions and categories of 

1 olvement had not been collected by other workers in the 

11 y area, emphasis was placed on this research rather than 

loping predictive models of involvement. Hence, the main 

m and goals of the present study were to describe the 

· ectives of farmers about involvement in agroforestry, and 

tify the main factors influencing this. Ascertaining if 

·ying degrees of involvement could be measured, or prediction 

o his, were therefore subsidiary objectives of the thesis 

e Chapter 1.1.2 : 'Aim, Goals and Objectives'). As a 

co sequence, the survey questionnaires were primarily designed 

o collect descriptive information about the 'why, where, when, 
1

, what' of agroforestry involvement. This necessarily 

ulted in the majority of questions being characterised by 

/no' or 'please explain' multiple responses rather than 

kings which could be used to quantify degrees of involvement 

types of practices. Hence, in general, poor prediction 

for agroforestry involvement can be attributed to the 

n of the survey instruments which support the study's 

cus on meeting the overall aim and goals. 

ictive modelling was, however, attempted to enhance the 

1 s for meeting the sixth objective - 'describe and analyse 

ain factors influencing farmer involvement in 

o orestry'. The multiple regressions were thus aimed at 

1cing utility of the findings from PCA and ANOVA which had 

ified the differential involvement of farmers with bush 

gement, tree growing on farmed land, and shrub and tree 
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growing on discharge areas and waterways (see Chapters Three 

Six). However, as previously stated (see Chapter 3.2 to 3 . 4), 

the series of data reduction techniques which were applied 

resulted in a steady loss of information and detail (for 

additional information see Appendices 1, 4). The following 

the main consequences of the study's design and approach to 

data reduction which can be attributed to explaining poor 

predictability levels : 

(1) constructing dependent variables from the questionnaires 

using a combination of continuous scaling with less 

quantitative binary presence/absence characteristics to 

measure the farmers' agroforestry activity (see Chapter 

'The Measures of Farmer Involvement in Agroforestry -

Variable Selection') 

(2) cluster groupings which do not sharply differentiate 

respondents according to categories of agrof orestry 

involvement (see Chapter Three, Figures 3.4, 3.5) 

(3) constructing 1340 presence/absence independent variables 

from the questionnaires, rather than using continuous 

scalings where possible to more precisely quantify 

potential influences on agroforestry involvement - some o 

these variables (e.g. the set describing practicability an 

success) can also be considered dependent variables , 

although they are expressions of farmers' opinions, not 

precise measures of 'degrees' of activity 

(4) compressing the significant variables by PCA into new 

composites reduced the number of potential influencing 

factors, but caused more loss of information and detail -

after removing low response variables, only those varia 

which were responded to by all observations could be 

included in the analysis, and none of the rotated factor 

loadings describes more than 72 per cent of the total 

variance in the data sets 

(5) predicting agroforestry involvement using the 19 new 

composites in multiple regressions was based upon a smal 

sample size - only 53 farmers responded to all depen e 

and independent variables (8 per cent of 655 respondents) 
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1.5.2 Alternative Approaches to Improve Identification of the 
Main Factors Influencing Agroforestry Involvement 

ving identified the salient limitations of the present study 

which are likely to have contributed to poor predictability of 

volvement in agroforestry, several alternatives were 

·nvestigated. Firstly, this work involved scaling of the 

ependent and independent variables to obtain, where possible, 

ronger quantitative continuous measures of the degrees or 

evels of their characteristics than the binary classification 

rincipally used in the previous analyses. Secondly, several 

ew ependent variables were created - most of these having 

een independent variables in the previous analyses which 

escribe the farmers' opinions and attitudes that could be 

·nterpreted as new dependent measures. Thirdly, PCA was used to 

ompress these dependent variables into sets of new composites. 

These were then subjected to cluster analysis to determine if 

tegories of involvement could be identified - as was done 

reviously (see Chapter Three : 'Categories of Farmer 

volvement in Agroforestry'). Fourthly, after using PCA to 

compress the independent variables into fewer sets of new 

composites, ANOVA was used to identify if these differentiated 

the categories of farmer involvement. Finally, several 

regressions were then run using the factor scores from these 

new composite variables. These tested the value as predictors 

o ( ) the eight independent variables which were previously 

ound to contribute the most to influencing agroforestry 

·nvolvement (see Table 7.8), and (2) the newly scaled 

ndependent variables constructed from the survey 

estionnaires. The main phases of these investigations are 

reported in the following subsections, along with the relevant 

indings. 

onstructing New, Composite Dependent Variables 

o improve the measures of farmer involvement in agroforestry 

which had previously been developed (see Chapter 3.2 : 'The 

easures of Farmer Involvement in Agroforestry - Variable 

lection'), twelve dependent variables were constructed and 

en compressed into composites by PCA. These composites 

sequently became the dependent variables in the exploratory 

ession analyses. 



This new set of composites was created by retaining five o 

original variables (#1 - #5 below) , with alterations havin 

been made to three original variables (#6 - #8 below), 

addition of four new variables (#9 - #12 below) . These 

variables measure : 

( 1) bush area (ha) as percentage of main income earning property 
(2) percentage of bush area fenced from livestock 
(3) percentage of bush area grazed 
( 4) shrubs planted pre-1987 through 1988 (yes/no) 
(5) shrub and tree growing only on discharge areas and waterways in 1988 (yes/no) 
(6) number of trees planted per year per unit of cleared land area before 1987 
(7) number of trees planted per unit of cleared land area in 1987 
(8) number of trees planted per unit of cleared land area in 1988 
(9) bush area (ha) potentially clearable for cropping or grazing as percentage 

of bush area on main income earning property 
(10) , conscious effort to apply agroforestry practices 
(11) experience with growing farm trees 
(12) perceived success with growing farm trees. 

The three alterations which were made to the original varia 

(#6 - #8 above) are intended to measure more precisely yea 

tree planting levels in relation to the amount of cleared 

on each farm. Hence differences between farms, specifically 

relation to farm size and/or the amount of land cleared for 

agriculture, are better accounted for in measuring yearly t 

planting levels . 

The first of the four new variables (#9 - #12 above) , bush 

(ha) potentially clearable for cropping or grazing as 

percentage of bush area on main income earning property, 

provides a measure of intent to retain native vegetation ra 

than clear it. While the original percentage of bushland 

variable (#1 above) may indicate the relative willingness o 

farmers to retain native bushland, much of it may have been 

considered unsuitable for cropping or grazing purposes anywa 

The second newly constructed variable, conscious effort to 

apply agroforestry practices, measures the respondents' 

attitudes towards use of several typical practices in the st 

area. The number of affirmative responses are totalled to 

provide a score based upon their conscious effort to grow 

trees, grow forage shrubs, regenerate bushland, reduce salti 

by planting and/or saving shrubs and/or trees, and grow thei 

own trees in a home nursery. The third newly constructed 

indicator variable provides a complementary measure of activ 



- experience with growing farm trees. In this case, the 

respondents were given a rank score based upon their perceived 

level of experience (from none at all to very much) . The last 

of the new variables, perceived success with growing farm 

trees, adds a similar measure of activity to the other new 

ones. The responding farmers are given rank scores depending 

pon an averaging of their responses to their perceived (1) 

overall success in growing trees (e.g. survival and growth 

rates) on their main income earning property (MIE), and (2) 

overall success in relation to other farmers in their area 

(e.g. survival and growth rates). Responses to the question 

'How successful have you been according to dollars earned or 

other benefits from trees on your MIE property?' were not 

included in this fourth variable because the majority said 'do 

ot know'. Frequency distributions for all of the original and 

new dependent variables are reported in Appendix 9. 

Having constructed twelve dependent variables to measure 

roforestry activity in the study area, PCA was used to 

compress this data set, and create a smaller number of new 

omposite variables which are independent of each other. After 

removing the low frequency and conceptually similar variables, 

ight were finally subjected to PCA. Three dimensions of farmer 

involvement in agroforestry were identified (Table 7.9). 

he new composites explain nearly 54 per cent of the total 

v iability in the data set. This percentage is, however, 

considerably less than the 63 per cent explained by the PCA 

reviously used in Chapter Three to identify dimensions of 

armer involvement (see Table 3.2). Hence, despite this new PCA 

ving 116 more observations than the previous one, there has 

een no improvement in explaining the data to identify more 

recisely dimensions of agroforestry involvement. 



Rotated Factor Pattern 

NumberofObservallons: 291 

Factor Loedin!!JS 

Variable Description FACTOR! FACTOR2 FACTORJ 

Trecslclcarcd hectare - before 1987 (log) 0.87239 -0.00991 -0.04348 

Trecslclcarcd hectare - 1987 (log) 0.82089 0. 16~0 -0.04677 

Consciow agroforestty effort 0.16149 0.74663 0.09624 

Fann tree growing expcricncc -0.11350 0.64120 -0.28437 

Planted 1hrubs before 1987, during 1987 or 1988 0.09286 0.58506 0.24020 

Percentage of bush area clcarablc -0.15721 0.14056 0.71346 

Bush area( ha) u pcrccru.agc of MIE property area (log) 0.36916 0.00258 0.53463 

Perccntage of bwh area grazed 0.05678 0.02488 -0.60228 

Variance explained by each factor: 22-19% 16.85% 14.89% 

Total variance explained : 53.93% 

Eigenvalues 1.7751 1.3478 1.1915 

Source: Great Southern Tree Growing Survey. 1989 

The first factor is labelled 'tree planting on farmed land and 
bush retention' (Table 7.10). This is a broader descriptor of 

agroforestry activity than Chapter Three's first factor which 

specifically describes farmer involvement with bush management 

Factor Label 

Tree planting on farmed 
land and bush retention 

Item 

trees/cleared hectare before 1987 

trees/cleared hectare during 1987 

bush area(ha) as percentage of MIE 
property area (log) 

Source : Great Southern Tree Growing Survey, 1989 

Loading 

0.87239 

0.82089 

0.36916 

The second factor describes farmers' having made a conscious 

effort to grow shrubs and trees on salt affected land and 

farmed land, as well as regenerate bushland. Hence it is 

labeled 'whole farm shrub and tree growing' (Table 7.11). 

Factor Label 

Whole farm shrub and rree growing 

Item 

Conscious agroforestry effort 

Farm tree growing experience 

Planted shrubs before l 987 
during 1987 and 1988 

Source : Great Southern Tree Growing Survey, 1989 

Loading 

0.74663 

0.64120 

0.58506 
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+ 1.00 or more 
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Figure 7.6 : Alternative dimensions of involvement in agroforestry : mean factor scores for 20 kilometre 
square grids (a) tree planting on farmed land and bush retention, (b) whole farm shrub and 
tree growing, (c) bush retention with limited tree growing experience 

urce: Great Southern Tree Growing Survey, 1989 



The third dimension identifies the retention of bushland, and 

i ts management, as an agroforestry activity in the study area. 

Having experience with growing shrubs and trees is little 

associated with this. Hence this factor is labelled 'bush 

retention with limited tree growing experience' (Table 7.12). 

Factor Labe I 

Bush retention with limited 
tree growing experience 

Item 

Percentage of bush area clearable 

Percentage of bush area grazed 

Bush area (ha) as percentage 
of MIE property area 

Farm tree growing experience 

Source: Great Southern Tree Growing Survey, 1989 

Loading 

0.71346 

-0.60228 

0.53463 

-0.28347 

Interestingly, this dimension portrays farmers who have not 

cleared bushland which is potentially suitable for cropping and 

grazing. This conservation-oriented approach to land management 

also includes their not permitting livestock to graze this 

bushland. 

Spatial Patterns 

In order to identify if there is any spatial clustering in 

relation to the dimensions of involvement in agroforestry, 

three maps have been produced from the grid mean scores for 

each of the 291 observations (farmers) in this particular PCA 

(Figure 7.6). However, nearest neighbour analysis applied at 

the grid level revealed only random patterns, with 58 per cent 

of grids containing more than one farm in them (Table 7.13) . 

Identifying New Categories of Farmer Involvement in Agroforestry 

Having used the newly scaled dependent variables to identify 

dimensions of agroforestry involvement, this data set was 

subjected to cluster analysis to determine if distinctive 

groups of farmers who have similar kinds of involvement can be 

identified. While the previous analysis revealed three groups 

of farmers with reasonably different characteristics (see 

Chapter Three : 'The Categories of Farmer Involvement in 

Agroforestry'), the new data did not separate the farmers into 

distinctive groups with different characteristics (see Appendix 

11). As in the previous clustering, three groups of farmers 

were identified, but in this case 98 per cent of the 



Factor 
No. Mean 

Variable 

l Tree planting on 
fanned land and 
bush retention 

2 Whole farm shrub 
and tree growing 

3 Bush retention 
with limited 
tree growing 
experience 

* Grid Mean Score Rank : 
A +l.00 or more 
B +0.01 to +0.99 
C 0.00 to -0.99 
D -1.00 or less 

Grid 
Density of Obsen•ed 

Score No. of Farmers per 
Rank* Farmers square km 

A 37 0.0004 
B 95 0.0012 
c 107 0.0014 
D 35 0.0004 

A 52 0.0006 
B 85 0.0011 
c 98 0.0013 
D 39 0.0005 

A 45 0.0005 
B 82 0.0010 
c 99 0.0013 
D 48 0.0006 

* * Pattern Type : 

Mean 
in Random 
Distance 
(km) (Ra) 

21.239 
13.428 
12.698 
25.113 

17.190 
13 .786 
14.065 
20.611 

19.359 
13.634 
13.206 
19.034 

a - more dispersed than random 
b - random 
c - more clustered than random 

Source: Great Southern Tree Growing Survey, 1989 

Expected 
Mean Distance 

Nearest 
Distribution Neighbour 

(km) (Re) Statistic (RY 

22.528 
14.059 
13.247 
23.162 

19.003 
14.863 
13.842 
21.942 

20.427 
15.132 
13.772 
19.778 

0.942 
0.955 
0.958 
1.084 

0.904 
0.927 
1.016 
0.939 

0.947 
0.900 
0.958 
0.962 

ZR 
Test 

0.665 
0.836 
0.819 

-0.953 

1.315 
1.277 

-0.305 
0.724 

0.670 
1.715 
0.782 
0.499 

(1) R =Ra/Re 

Pattern 
p Type 

Value ** 

0.2578 b 
0.2033 b 
0.1867 b 
0.1711 b 

0.0934 b 
0.3936 b 
0.3821 b 
0.2538 b 

0.2514 b 
0.0436 b 
0.2177 b 
0.3121 b 

respondents were members of the first cluster, and 

progressively fewer in the next two. With a very limited range 

of mean values for the twelve new variables, it is not feasible 

to characterise differences between the farmers in relation to 

these categories of their involvement in agroforestry. Hence, 

despite the previously discussed potential benefits from 

constructing new dependent variables, these findings do not 

permit predicting farmer involvement and differentiating the 

three cluster groups. Hence, it appears that the new dependent 

variables afford restricted overall utility for comparing 

alternative approaches with the previous findings which 

identify the main factors influencing agroforestry involvement 

in the study area (see Table 7.8) . 

7.5.3 Summary : New Dimensions of Agroforestry Involvement 

To improve the measurement of farmer involvement in 

agroforestry (see Chapter Three : 'Dimensions of Involvement in 

Agroforestry') twelve new dependent variables were constructed. 

This required some alterations to measure more precisely yearly 

tree ·planting levels, and the addition of four new variables 

(some of which were previously used as independent variables) . 

After using PCA to compress these dependent variables into 

three new sets of composites, there are now 116 more 

observations than in the previous PCA analysis reported in 

Chapter Three. However, only 54 per cent of the total 
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variability in the data set is explained compared to 63 per 

cent in the previous analysis (see Chapter Three: Table 3 . 2 ). 

The validity has been confirmed of the three previous measures 

of involvement which describe bush management, and shrub and 

tree growing . The three new dimensions of agroforestry 

involvement are , however, inter-mixed, while in the previous 

analysis they were more distinct activities. The clarity of 

bush management as the first factor in the original analysis 

has become somewhat diluted by its now being related to tree 

planting and experience in the first and third factors . In 

addition, spatial differentiation of agroforestry activities on 

discharge areas and waterways has not been retained - although 

'whole farm shrub and tree growing' is now the second 

dimension . Despite these changes , previous insights into t he 

dimensions of agroforestry involvement have been added to by 

three new measures in this PCA which describe bush retention 

intentions , conscious application of agroforestry practices on 

differing parts of the farm, and levels of experience with tree 

growing. 

This approach to improving measurement of the dimensions o f 

farmer involvement in agroforestry has generated reasonably 

comparable results to the findings reported in Chapter Three . 

However, the survey respondents were not successfully 

differentiated into groups with sufficiently distinct 

characteristics between them . Hence, the overall utility o f the 

newly constructed dependent variables for comparing alternative 

approaches to identify the main factors influencing 

agroforestry involvement appears limited. 

7.5.4 Constructing New, Composite Independent Variabies 

Eight binary classified variables have previously been 

identified by regression analysis as the main or significant 

factors influencing agroforestry involvement (see Table 7 . 8 ) . 

In order to improve the predictive capacity of the regress ion 

models, as many continuous, serial variables as possible we re 

created from the survey questionnaires. However, due to the 

original questionnaire design, it was possible to create only a 

small number of newly scaled variables. Sixteen new continuous 

scale and fifty new ordinal scale variables were constructed, 
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with the remainder (160 variables) being binary classified - as 

they were previously. Frequency distributions for all of the 

original and newly scaled independent variables are r eport ed in 

Appendix 1 0 . 

PCA was subsequently used to reduce these 226 variables to sets 

of new, comp o site independent variables with factor scores for 

use in the next subsection's regression analyses. As has been 

done for all previous analyses, the conceptually similar and 

low response variables were first removed. The remaining 

thirty-five variables (15 per cent of the original variables) 

were compressed by PCA to describe the main factors influencing 

agroforestry involvement in the study area. No further 

compressi on of the data int o fewer factors was possible without 

reducing the number of variables tested to an even smaller 

percentage of the potential indi cators created from the survey 

quest ionnaires. With 393 observati ons, the fifteen new 

compos ites which have been identified explain 66 per cent of 

the total variance in the data set. 

The final PCA results are found in Appendix 11. Vari ables with 

component loadings greater than 0.25 have been highlighted to 

facilitate interpretati on . The following labels for these 

fifteen composite variables identify their salient, most 

interpretable features : 

1 older, experienced farmers 
2 light to medium soil types but not in wettest growing areas 
3 older property characteristics (age, clearing date, type) 
4 windbreaks knowledge 
S minimum tillage use and wind erosion experience 
6 wheat/sheep farms unaware of agroforestry for fire control 
7 wool growers aware of weekly radio news on agroforestry 
8 smaller light land farms in the wetter growing areas 
9 sheep farms producing meat and wool 
10 property expansion goals with history of this 
11 infonnation sources are non-farn1 and other farmers 
12 sheep meat farms, using information not from other farmers 
13 heard of agroforestry, but not using books/videos 
14 DA WA is main information source 
1 S tree/fire awareness, budgeting, and CALM for information. 

The percentages of tota l explained variance accounted for by 

each of these variables d oes not compare favourably with the 

o riginal predictor variables which were derived fr om the eight 

or iginal independent variable data sets in Chapters Four to 

S ix. The highest percentage o f t o tal explained variance 

accounted f o r by any of these new predictors is only 9 . 3 per 

cent - for 'older prope rty characteristics (age, clearing date, 
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type) ' . This percentage does not compare favourably with a ny of 

the other predictor variables in Table 7 . 8. For example, the 

composite 'mainly non-professional, non-farm information 

sources' accounts for 32.85 per cent of the total explained 

variance in the data set on technical information and financi a l 

incentives for agroforestry. The composite 'uninterested, non

conversant attitudes' accounts for the least - 25 . 51 per cent 

of the total explained variance in the data set describing 

attitudes to agroforestry practices and management . 

An additional test of the relevance of the newly scaled 

independent variables included use of ANOVA to ascertain i f any 

of these variables differentiated the three cluster groups o f 

farmers which were identified in Chapter 3. The results from 

these analyses are reported in Appendix 11. As the new 

dependent variables did not separate the farmers into 

reasonably distinct groupings, their utility for this purpose 

was not tested . To assist with comparing the capacity of the 

original and newly scaled independent variables to 

differentiate farmer involvement in agroforestry, the two sets 

of variables are listed below. The first list identifies the 

five main factors influencing agroforestry involvement which 

were previously found also to differentiate the cluster groups 

(see Table 7.8) 

• uninterested, non-conversant attitudes 
• budgeting for bush management, and shrub and tree growing on all properties 
• successfully growing native and exotic species 
• unsuccessful bush management, or growing native or exotic species 
• small, mainly sheep farms. 

In comparison, seven new independent variables were identif ied 

which also differentiated the three groups of farmers to at 

least the 90 per cent confidence level 

• light to medium soil types but not in wettest growing areas 
• older property characteristics (age, clearing date, type) 
• windbreaks knowledge 
• wheat/sheep farms unaware of agroforestry for fire control 
• sheep farms prcxiucing meat and wool 
• heard of agroforestry, but not using books/videos 
• DAW A is main information source. 

Despite these two sets of independent variables having been 

constructed differently from the survey questionnaires, both 

differentiated the three original categories of farmer 

involvement in agroforestry. These results therefore confirm 

the relevance of these categories, and suggest the potential 
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u ility of the new independent variables for improving 

identification of the main factors influencing involvement . 

However, the comparability of these variables is limited as 

only the variable 'sheep farms producing meat and wool' is 

conceptually similar to 'small , mainly sheep farms' in the 

first list of original variables. Although both vari ables 

ifferentiated clusters one and two from each other, the group 

means for the latter differed significantly at the 99 per cent 

confidence level , compared to the farmer's means which differed 

at the 95 per cent level. 

Hence the new independent variables do not substantially 

contribute to improving unde r standing about the differential 

involvement of the three cluster groups of farmers in 

groforestry. Nonetheless , despite the aforementioned 

limitations associated with use of the newly scaled independent 

variables, the foundations have now been created for possibly a 

ore rigorous testing of their relative strengths to predict 

he new dependent variables, and improve identification of the 

"ain factors influencing agroforestry involvement . 

7.5. 5 Regressions to Improve Identifi cation of the Main Factors 
Infiuencing Agroforestry Invoi vement 

Three different multiple regression analyses were tested to see 

if improvements in identifying the main factors influencing 

agroforestry involvement could be made (see table 7 . 8). The 

first analysis tested the impact of the newly scaled 

independent variables on predicting the original measures of 

involvement (see Chapter Three : 'Dimensions of Agroforestry 

Involvement'). The two other regressions tested the impact on 

improving prediction of the new composite dependent variables 

using both these new independent variables, as well as 

independent variables in previous regressions (see Chapter 7.3 

'Predicting Individual Involvement in Agroforestry on the 

Basis of the Main Relevant Factors'). 

These analyses adhere to previously used procedures which 

involve (1) using PCA produced f a ctor scores with standardised 

alues as the raw data to make equal comparisons between 

1ariables for best predicting involvement, (2) measuring 

overall involvement in agroforestry by totalling the 

respondents' scores on all three dependent variables, having 
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weighted them on the basis of the percentage of the total 

explained variance in the data set accounted for by each of 

them, (3) testing stepwise, forward selection, backward 

elimination and maximum R2 improvement methods on these data 

(for further details on these procedures see Chapter 7.3 : 

'Model Selection'). 

Predicting Involvement Using the New Independent Variables 

The two multiple regressions reported in this subsection used 

the fifteen newly scaled independent variables to ascertain if 

improvements could be made in the prediction of agrof orestry 

involvement. The first analysis was based upon the three 

original dependent variables, while the second used the new 

dependent variables. 

Regression Results: New Independent Variables and the Original Dependent Variables 

To improve the previously reported multiple regression result s 

(see Chapter 7.3 'Predicting Involvement in Agroforestry on 

the Basis of the Main Relevant Factors'), the first alternat ive 

approach tests the potential impact of keeping the original 

three dependent variables, but replacing the predictors with 

fifteen new independent variables. The original regressions ha 

only 53 observations with scores on all variables, while a 

slight improvement has been realised in this set of regressions 

with 124 observations. The full models fitted and the final 

models for these regressions are found in Appendix 11 (Tables 

11.3A to 11.3D). The first two final models do not improve 

prediction levels, with adjusted R2 values of 9 per cent vs the 

original 26.64 per cent for the first dimension (see Chapter 7 

: Table 7.4, Appendix Table 11.3A), and adjusted R2 values of 

14.23 per cent vs the original 33.71 per cent for the second 

dimension (see Chapter 7 : Table 7.5, Appendix Table 11.3B) . 

Despite these disappointing results, two potential improvements 

over the original models were realised for predicting : 

(1) the third dimension (shrub and tree growing on discharge 

areas and waterways) - adjusted R2 value of 9.32 per cent 

vs the previous model which found no variables with 

significant predictive influence (see Chapter 7 :Table 7 . 6, 

Appendix Table ll.3C). The four new predictors of this 

dimension are : 
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( 1) older property characteristics (age, clearing date, type) (neg) 
(2) windbreaks knowledge (neg) 
(3) property expansion goals with history of this (neg) 
(4) tree/fire awareness, budgeting, and CALM for information. 

e first three predictors have negative parameter estimates, 

ile the fourth is positively associated with predicting this 

mension of agroforestry involvement. The importance of these 

our predictors is, however, questionable due to their 

x laining very small percentages of the total variance in the 

a a . The highest variance explained by any of these new 

dictors is only 9.3 per cent - for 'older property 

characteristics (age, clearing date, type) '. Nonetheless, the 

irst two predictors do differentiate the farmers according to 

hree original cluster groups (see Appendix 11 : Table 

11 . 1) . Since no model was fitted for this dimension using the 

original independent and dependent variables, further 

com arisons of these variables cannot be made. 

( ) overall involvement in agroforestry - final model adjusted 

R2 value of 10.10 per cent vs the original 10.01 per cent 

(see Chapter 7 : Table 7.2, Appendix Table 11.30) . This 

improvement in predictability is therefore very minimal. 

The three new predictors of this dimension are : 

( l) older property characteristics (age, clearing date, type) (neg) 
(2) DA WA is main information source (neg) 

) tree/fire awareness, budgeting, and CALM for information. 

T e irst two predictor variables are negatively associated 

the third. Again , 'older property characteristics (age, 

c earing date, type) ' explains the greatest percentage of the 

a a's variance - which is only 9.3 per cent. This percentage 

h dly compares with the previous predictor of this dimension, 

ge ing for bush management, and shrub and tree growing on 

11 properties' which explains 29.93 per cent of the management 

cision-making data set. As in the previous regression's final 

o el , the predictor variable 'older property characteristics' 

·n differentiates the farmers according to the cluster 

ps . Another variable in this final model for predicting 

o e all agroforestry involvement is also associated with 

erentiating the cluster groupings - it describes use of 

A for information about agroforestry . 

n eneral, however, despite three of the variables having been 

oun to differentiate the farmers according to the cluster 
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groups, little overall improvement has been made by this 

approach to the prediction of involvement in agroforest ry. T 
finding can be attributed to (1) the low percentages of o 

variance explained by the independent variables, (2) a low, 

improved adjusted R2 value for predicting the third dirnens·o, 

and (3) a very slight increase in predictability for overall 

agroforestry involvement. 

Regression Results: New Independent Variables and the New Dependent Variables 

The second alternative approach for identifying the main 

factors influencing agroforestry involvement involved use o 

the new independent variables to predict the new dependen 

variables. As discussed in the previous subsection , the fo 

explain considerably less of the total variance in the 

independent variable data set than the original indepen e n 

variables. The latter likewise explain less of the total 

variability in the data than the original dependent varia 1 

Yet these variables have more observations associated wi·h 

them, which consequently implies a greater potential for m 

inferences to the full population of respondents (see Cha 

7.5 : 'Construction of New, Composite Dependent Variables ', 

Table 7.9). Substantially more farmer observations with sco 

on all variables are associated with this set of regression 

(210) compared to the 53 in the original analysis . The full 

model fitted, with fifteen hypothesised predictor variable , 

and the final model are included in Appendix 11 (Table 11 . 

Nine variables were found to predict the new first dimensio 

(tree planting and bush retention), with a final model adj 

R2 value of 26.7 per cent - only slightly above the 26 . 6 e 

cent level for the original regression reported in Table 7 .. 

Hence the model's utility for improving predic t ion of the 

factors influencing agroforestry involvement is quite limi 

The predictors of this dimension are logical influences : 

(1) light to medium soil types but not in wettest growing areas (neg) 
(2) older property characteristics (age, clearing date, type) (neg) 
(3) windbreaks knowledge 
(4) minimum tillage use and wind erosion experience (neg) 
(5) wheat/sheep farms unaware of agroforestry for fire control (neg) 
( 6) smaller light land farms in wetter growing areas 
(7) sheep fam1s producing meat and wool 
(8) property expansion goals with history of this (neg) 
(9) tree/fire awareness, budgeting, and CALM for infomrntion. 
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h six variables, the final model (see Appendix 11 : Table 

l.4B) for the new second dimension (whole farm shrub and tree 

owing) produced a considerably lower adjusted R2 value than 

obtained (19.2 per cent vs 33.7 per cent). As 

only a little improvement in identifying the main 

influencing agroforestry involvement has been revealed 

·this model. Despite this, the variables are reasonably 

and comprehensive 

( 1) older property characteristics (age, clearing date, type) 
(2) windbreaks knowledge 
( ) minimum tillage use and wind erosion experience 
(4) information sources are non-farm and other farmers 
(5) heard of agroforestry, but not using books/videos 
(6) tree/fire awareness, budgeting, and CALM for information. 

adjusted R2 value of 4.4 per cent for the three variables 

the final model predicting the new third dimension (bush 

limited tree growing experience) is hardly an 

rovement on the original model which did not successfully 

ict this dimension (Chapter 7 : Table 7.6, Appendix 11 : 

le ll.4C). Nonetheless, the three variables are reasonably 

icative, and each of them differentiates the three cluster 

oups of respondents 

(I) older property characteristics (age, clearing date, type) (neg) 
(2) windbreaks knowledge (neg) 

( ) heard of agroforestry, but not using books/videos. 

wise, little improvement was realised for predicting 

rall agroforestry involvement - the six variables in the new 

1 model have an adjusted R2 value of 14 per cent compared 

he 10 per cent value for the original model (Chapter 7 : 

e 7.2, Appendix 11 : Table 11.4D). These predictor 

'ables are : 

(1) smaller light land farms in wetter growing areas 
(2) property expansion goals with history of this (neg) 
(_) information sources are non-farm and other farmers 

) heep meat farms, using information not from other farmers 
( ) heard of agroforestry, but not using books/videos 
( ) tr /fire awareness, budgeting, and CALM for infonnation. 

hese six variables are reasonable descriptors of this 

the fifth differentiates the farmers according 

e three categories of agroforestry involvement (see 

ix 11 : Table 11.1). Hence it appears that this second 

ive approach has made very little improvement to the 

d R2 values revealed by the original analysis. With the 

a ions to use of this approach being considerable, these 
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analyses do not contribute to improving identification of the 

main factors influencing agroforestry involvement. 

Regression Results: Original Nineteen Independent Variables (see Chapter 7.3) and the New Dependent Variables 

With sixty-two observations, this third set of multiple 

regressions has only nine more than the original analysis and a 

considerably smaller sample size than the previous regression . 

Hence, inferences from these regre~sions are quite limited with 

a very small sample (9 per cent) of the study's 655 survey 

respondents. Associated problems with interpreting the results 

include : (1) the low percentages of total explained variance 

accounted for by these new dependent variables, and (2) the 

characteristics of the original dependent variables and the new 

ones used in this set of regressions not readily permitting 

comparison. 

Despite these limitations, the results are somewhat encouraging 

(see Chapter 7 : Tables 7.2 to 7.6, Appendix 11 : Tables 11 . SA 

to ll.5D). The final model adjusted R2 values are only a little 

lower than the original model for predicting the first 

dimension (24 per cent vs 26.6 per cent), and even less for the 

second dimension (27.3 per cent vs 33.7 per cent). The 

variables predicting the former (tree planting and bush 

retention) are not surprising, with the third and fifth having 

been identified in Table 7.8 as main factors influencing 

agroforestry involvement which differentiate the cluster groups 

(1) wind affected famtland (neg) 
(2) mixed erosion control, property value improvement and bush management oriented decision-making 
(3) budgeting for bush management, and shrub and tree growing on all properties 
(4) older fanns without current property value improvement plantings (neg) 
(5) small, mainly sheep farms . 

The variables predicting the latter (whole farm shrub and tree 

growing) are also logical (see Appendix 11 : Table 11.SB) . The 

second and fourth were previously reported in Table 7.8 to be 

main factors influencing agroforestry involvement (hence also 

differentiating the three groups of farmers) 

(1) favourable discharge area and waterway land degradation control attitudes 
(2) tminterested, non-conversant attitudes (neg) 
(3) wind affected farmland 
(4) budgeting for bush management, and shrub and tree growing on all properties. 

A new final model with an adjusted R2 value of 27 per cent does 

predict the third dimension, while the original regression ii 

not successfully do so (see Chapter 7 : Table 7.6, Appendix 11 
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: Table ll.5C). Bush retention with limited tree growing 

experience is predicted by two variables : largely cleared, low 

rainfall mallee and sandplain country negatively associated 

with successfully growing native and exotic species. 

Finally, overall agroforestry involvement is considerably 

better predicted than previously (final model adjusted R2 value 

of 41.3 per cent vs 11.7 per cent). This improvement perhaps 

results from the weighted summing of factor scores used to 

calculate overall agroforestry involvement. This would be 

lowered if there were no scores for one of the factors - which 

previously occurred, with no variables having a significant 

redictive influence in the original model for shrub and tree 

growing on discharge areas and waterways. In contrast, with 

seven variables in the model predicting the new dependent 

variable for the third dimension of involvement, the weighted 

umming of factor scores for this new model has higher values. 

A subsidiary cause of the improved prediction level could also 

be that the three new dependent variables describe activities 

that are inter-mixed, while in the original dependent variables 

they were more distinct. The seven predictor variables for this 

improved model of overall involvement in agroforestry are : 

( 1) favourable discharge area and waterway land degradation control attitudes 
(2) uninterested, non-conversant attitudes (neg) 
(3) inexperienced farm tree growers either not involved in bush 

management or having non-monetary attitudes towards it 
(4) largely cleared, low rainfall mallee and sandplain country (neg) 
(5) budgeting for bush management, and shrub and tree growing on all properties 
( 6) older farms without current property value improvement plantings (neg) 
(7) unsuccessful bush management, or growing native or exotic species (neg). 

Three of these variables were reported in Table 7.8 as main 

factors influencing agroforestry involvement (#2, #5, #7). A 

fourth variable (#4) was also reported in that table as a 

significant contributing influence (hence not differentiating 

he three groups of farmers) . 

In summary, an important finding of this third alternative 

approach is confirmation of the relevance of five of the eight 

original independent variables previously found to be either 

rnain or significant contributing influences on agroforestry 

involvement. The following are predictors of one or more of the 

original, and new dependent variables : 



( l) uninterested, non-conversant attitudes 
(2) budgeting for bush management, and shrnb and tree growing on all properties 
(3) tmsuccessful bush management, or growing native or exotic species 
(4) small, mainly sheep farms 
(S) largely cleared, low rainfall mallee and sandplain country. 

While these findings are indeed encouraging, their importa 

is, however, diminished because of the previously discus e 

limitations associated with use of the new dependent varia 

Hence this third approach adds credence to the validity o 

summary statistical analysis reported in Table 7.8 , but i 

not provide a viable alternative approach to identify the 

factors influencing agroforestry involvement. 

7.5.6 Summary of the Aiternative Approaches Tested 

It is apparent that the overall variability in the large num 

of variables constructed from the survey data has not been 

better explained by any of the alternative approaches which 

were tested. The new dependent variables did not separa e 

farmers into reasonably distinct groupings, and these new 

variables explain less of the total variability in the a 

than the originally selected ones. Likewise, the newly seal 

independent variables do not compare favourably with the 

original predictor variables. In the first instance , they o 

not substantially contribute to an improvement in unders a 

about inter-group differences between the farmers. Secon ly , 

they account for percentages of the total explained varia 

the data set which are in all cases lower than the percen ag s 

accounted for by the original predictors. Despite these 

limitations associated with the new dependent and indepen e 

variables, several alternative approaches were tested to 

improve the results of the summary statistical analysis 

reported in Table 7.8. 

With only marginal improvements in levels of prediction , he 

first two approaches added little to these results. In 

contrast, the third and final alternative approach (usin h 

original nineteen independent variables and the new depen e 

variables) produced somewhat more encouraging findings . Th r 

was an increase in the explanatory power of the predictive 

models for the third dimension and particularly for overall 

agroforestry involvement. In addition, as some original 

independent variables do, several of the new predictors we 

found also to differentiate the original cluster groups o 
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farmers - despite being constructed differently from the survey 

uestionnaires. However, only two of these variables which 

describe farm enterprise types ('small, mainly sheep farms', 

and 'sheep farms producing meat and wool'), appear to be 

directly comparable. With the preceding limitations in mind, 

ut having confirmed the relevance of several of the original 

variables previously identified as the most important factors 

influencing agroforestry involvement, the conclusions drawn 

from the summary statistical analysis remain valid and are, to 

a limited extent, strengthened. 

7. 6 CHAPTER SUMMARY 
In this chapter the data set was looked at in several different 

ways to test the validity of the measures used to define the 

elationship between the eight sets of variables in the 

conceptual framework which directs this study. The summary 

tatistical analysis used two conceptually different 

echniques, ANOVA and regression analysis, to reveal which of 

he main influencing factors identified by PCA in the previous 

hree chapters are the main influences on agroforestry 

involvement, and which are significant contributing influences. 

The former technique identified those which differentiated the 

involvement of the three cluster groups of farmers, or were 

shared amongst them, irrespective of cluster group affiliation. 

The latter developed several models (except for shrub and tree 

growing on discharge areas and waterways), and determined which 

of the main influencing factors are the most powerful, and 

which best predict the respondents' agroforestry involvement. 

Five main factors influencing farmer and farm family business 

perspectives about agroforestry were identified in the final 

odels which not only predict involvement, but differentiate 

he three cluster groups of farmers. Additional significant 

contributing influences on agroforestry involvement were also 

found which did not have overlapping results between ANOVA and 

he regression analyses. In the first instance, it was not 

surprising to find that uninterested, non-conversant attitudes 

are one of the main factors deterring involvement. Such 

a titudes reflect the traditional reserve and uncertainty of 

armers towards land-use innovations, particularly those with 

otentially long-term, less financially remunerative benefits 
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such as agroforestry. In this case, the bush grazers/planters 

were found to be differentiated from the planters/bush fencers . 

In contrast, the other main factors positively influencing 

involvement in agroforestry describe socioeconomic and 

management decision-making attributes of farmers, and their 

perspectives on the practicability of applying such practices . 

Hence, budgeting for bush management, and shrub and tree 

growing on all properties are characteristics of progressive 

farmers which differentiate them from those who are not as 

broadly involved with either bush management or with overall 

agroforestry involvement. In this instance, ANOVA identified 

that the planters/bush fencers (cluster 3) most differed from 

the bush grazers/planters of cluster one. Likewise, it was not 

unexpected to find that non-involvement in bush management is 

mainly associated with the small, mainly sheep farms in the 

western third of the study area who are likely to be the bush 

grazers/planters (cluster 1) . Finally, the last two main 

factors influencing agroforestry involvement are also logical -

successfully growing native and exotic species, and 

unsuccessful bush management, or growing native or exotic 

species. Firstly, the farmers in cluster two, whose priority is 

planting windbreaks which are possibly comprised of both native 

and exotic species, were differentiated from the other farmer s 

in this study who are either little involved, or less likely to 

use exotics for reclaiming adverse, saline environments. 

Secondly, it was also unsurprising that ANOVA and regression 

found that 'unsuccessful bush management, or growing native or 

exotic species' negatively predicts tree growing on farmed 

land, as well as differentiates the bush grazers/planters 

(cluster 1) from all other respondents. 

With regard to the potential impact of spatial factors on the 

main factors influencing agroforestry involvement, it is no 

surprise that the farmers successfully growing native and 

exotic species are not spatially clustered in the western thi rd 

of the study area where salinity problems are greatest. 

However, it is logical that the small, mainly sheep farms are 

clustered in this western area. While the farmers associated 

with the three other main influencing factors were also found 

in several cases to be in more clustered patterns than randomly 
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istributed, this was not in any one part of the study area 

more than another. Hence spatial factors provide only a limited 

explanation of why these factors influence involvement in 

agroforestry. However, the characteristics of the five main 

factors, as well as the three significant contributing 

influences which were identified, clearly lend major support to 

the thesis of this study - the perspectives of farmers about 

ush management, and shrub and tree growing are inter-related. 

The final regression models, however, generated disappointing 

levels of prediction for the first two dimensions of 

agroforestry involvement - bush management and tree planting on 

farmed land. Further to this, none of the nineteen variables in 

the full model fitted had a significant predictive influence on 

hrub and tree growing on discharge areas and waterways. Hence 

alternative approaches were tested in the preceding subsection 

o improve identification of the main factors influencing 

agroforestry involvement. 

After discussing the possible causes, the procedures followed 

to construct new, composite dependent and independent variables 

from the survey questionnaires were reported. Substantial 

limitations were, however, identified in relation to the 

capability of either of the two new suites of variables for 

better explaining the variability in the data sets. Despite the 

constraints, these new variables were used in three different 

sets of multiple regressions to ascertain if improvements could 

be made to the results of the summary statistical analysis in 

Table 7.8. The most optimistic findings resulted from testing 

he relevance of the original nineteen independent variables 

for predicting the new dependent variables. The explanatory 

ower of the models was increased for predicting overall 

agroforestry involvement, and 'bush retention with limited tree 

growing ~xperience'. In addition, five of the eight original 

predictors were again found to be sufficiently robust to remain 

as major influences on agroforestry involvement. 

The third alternative approach which was tested therefore 

appears to have not only confirmed the findings reported in 

Table 7.8, but also produced some improvement in the prediction 

of agroforestry involvement. Nonetheless, these benefits have 
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not overcome the constraints which were identified in re 

to use of the new, composite dependent variables - not o 

these variables fail to separate farmers into reasona ly 

distinct groups, but they describe a mixture of agrofores 

activities which explains considerably less of the to al 

variability in the data set than the three original 

Hence, by testing alternative approaches to improve 

identification of the main factors influencing farmer 

involvement in agroforestry, the validity of the findings 

the summary statistical analysis have been confirmed, and o 

limited extent, strengthened. 

The findings reported in this chapter will be discussed in 

Chapter Eight, which examines the relevance of the concep 

model and classification of farmers to knowledge about 

agroforestry involvement, theory and policy. 
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his concluding chapter draws from the findings of this study 

bout f armers' perspectives on involvement in agroforestry to 

identify the salient theoretical and policy implications. These 

are considered within the context of research into contemporary 

land management in Australia and other industrialised countries 

with mediterranean climates. Finally, initiatives arising from 

this study with potential for advancing the involvement of 

farmers in agroforestry are discussed. 

8.1 SUMMARY OF FINDINGS AND THEIR RELEVANCE TO 
KNOWLEDGE ABOUT AGROFORESTRY INVOLVEMENT 

The fo llowing findings summarise the results of this study 

about farmers' perspectives on agroforestry involvement in 

southern Western Australia : 

• A review of previous studies about farmer involvement in 
agrof orestry revealed that considerably more research has 
been done in the tropical industrialising countries than in 
the industrialised countries, particularly those with 
mediterranean climates such as Australia. This study's aim 
of exploring and describing farmers' perspectives about 
agroforestry involvement in southern Western Australia was 
found to contribute new information within the context of 
contemporary research into sustainable agriculture, 
innovation adoption and the farm as a family business. 

• Three dimensions of involvement in agroforestry were 
identified in the study area - bush management, tree 
growing on farmed land, and shrub and tree growing on 
discharge areas and waterways. This research focuses on 
describing farmer involvement with these types of 
activities, while, in general, comparable studies have 
measured involvement in relation to the amounts of shrub 
and tree growing. However, interactions between the 
involvement of farmers with these different activities, 
particularly bush management, were found to be more precise 
i ndicators of involvement in agroforestry. Bush management 
least occurs in the western third of the study area, while 
there is more general involvement throughout the region 
with tree growing on farmed land, and shrub and tree 
growing on discharge areas and waterways. These findings 
suggest that a range of factors, including geographically 
determined ones, influence agroforestry involvement. 

• Classification of the 655 survey respondents according to 
the three dimensions of agroforestry revealed reasonably 
distinct groups with varying involvement in bush 
management, tree growing on farmed land, and shrub and tree 
growing on discharge areas and waterways. Involvement with 
bush management was found to better classify farmers in 
relation to the three dimensions than shrub and tree 
growing. Hence these cluster groups are labelled the bush 
grazers/planters, the bush fencers/planters, and the 
planters/bush fencers. Spatially, the general mixing of the 



three groups of farmers clearly reflects the lower levels 
of bush management in the western third of the study area, 
and suggests that a range of factors which are not 
necessarily dependent upon physical locations may be 
influencing the involvement of farmers in agroforestry. 

· A discussion on the relevance of theories about the farm as 
a family business, the adoption of innovations, and 
sustainable agriculture demonstrated their relevance for 
exploring and describing farmers' perspectives on 
agroforestry involvement. Drawing from this diverse 
literature, factors which may influence differences between 
farmers in the study area were investigated in relation to 
eight sets of variables characterising internal farmer and 
family farm business relations of production. Traditional 
indicators for agricultural innovations such as age, 
gender, income level, tenure, or risk assessment and 
information sharing behaviour were not found to influence 
farmers' decisions about involvement in agroforestry. 

· The wide range of descriptive variables which differentiate 
the three categories of involvement provides new 
information on farmers' perspectives about the long-term, 
less financially remunerative aspects of applying 
agroforestry practices for sustainable land management. The 
bush grazers/planters markedly differ from the other two 
groups of farmers who are considerably more involved with 
using bush management practices such as fencing remnant 
native vegetation from livestock, and maintaining or 
regenerating it. These two groups, the bush 
fencers/planters and the planters/bush fencers, were also 
found to differ from each other. In general, the latter 
were more involved with shrub and tree growing for salinity 
and water erosion control on discharge areas and waterways 
than fencing off bushland , and providing shade and shelter 
on farmed land. 

· Having narrowed the possible range of factors influencing 
agroforestry involvement in the study area, further 
compression of the data set with multivariate analysis 
techniques revealed new composite variables and spatial 
patterns. While significant contributing influences were 
identified, five main factors were found to predict farmer 
involvement as well as differentiate them according to the 
three categories of the classification. A deterrent -
uninterested, non-conversant attitudes - reflects the 
traditional reserve and uncertainty of farmers towards 
land-use innovations with potentially long-term, less 
financially remunerative benefits such as agroforestry. In 
contrast, a management decision-making factor favourably 
influences involvement - budgeting for bush management and 
shrub and tree growing on all properties. Two other main 
influencing factors logically reflect opinions about the 
practicability of applying agroforestry practices : 
successfully growing native and exotic species contrasts 
with a negative influence - unsucessful bush management, or 
growing native or exotic species. Finally, a socioeconomic 
characteristic of farmers and farm families was found to 
positively influence agroforestry involvement - small, 
mainly sheep farms. 
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• Analysis of the locational patterns of respondents 
associated with these main influencing factors revealed 
that spatial factors provide only a limited explanation of 
why these factors influence agroforestry involvement. It 
was not, however, unexpected to find that successful shrub 
and tree growers are not clustered in the western third of 
the study area where adverse, saline plant growing 
environments predominate . While the farmers associated with 
the four other main influencing factors were also found to 
be more clustered than randomly distributed, this was not 
in any one part of the study area more than another. 

The Relevance of The Research Findings to Knowledge About Agroforestry Involvement 

This research employed a deductive approach to postulate a 

conceptual model about involvement in agroforestry which was 

tested using both qualitative and quantitative data collection 

methods and a series of multivariate analysis techniques . The 

empirically defensible results lend support to the thesis of 

his study : involvement in agroforestry is influenced by 

farmer and farm family business perspectives on bush 

management, growing trees on farmed land, and growing shrubs 

nd trees on discharge areas and waterways, which may 

hemselves be conditioned by external non-farm forces . Hence 

t e central aim of this study has been achieved - to explore 

and describe farmers' perspectives on involvement with 

agroforestry in an industrialised country (see Chapter 1 . 1.3 

' Aim, Goals and Objectives') . 

An interesting and unexpected feature of this research has been 

identifying that farmers' perspectives about agroforestry 

involvement mainly describe the more emotive, less measurable 

aspects of land management in the medium to low rainfall zones 

of southern Western Australia. Hence the dominant agroforestry 

•I----- .-- ---- ~--.-=-- .:... ~:..:.. =-l~:~~C~ ...L...i. ./.__ :: .... _a-

are bush management (such as fencing off remnant vegetation, 

establishing wildlife corridors, regenerating or maintaining 

naive vegetation), and shrub and tree growing for land 

egradation control (predominantly from wind, salinity or water 

erosion), rather than the more production oriented practices 

uch as plantations and woodlots. 

I thus appears that involvement with these types of 

groforestry practices is largely driven by favourable 

titudes, management decisions and experiences which 

cknowledge the less pecuniary and longer-term benefits 
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potentially derived from native vegetation retention, and 

reducing land degradation. Comparable research to the present 

study elsewhere in Australia has associated farmers' awareness 

of such needs and problems with degrees of their involvement 

with the growing of shrubs and trees, or managing bushland 

(Craig et al. 1983; Dowling, 1985; Cary et al. 1986; Reid , 

1986; Vanclay and Cary, 1989; Barr et al. 1992). Overall, these 

findings about agroforestry affirm that profit maximization is 

but one of the dominant goals of industrialised country farmers 

in, for example, Western Australia (Mauldon and Schapper , 

1974), New Zealand (Benediktsson et al. 1990), Europe and the 

U.S. (Gasson et al. 1988). Only this study, however, has used 

measures of both bush management, and shrub and tree growing to 

assess their interaction and impact on why and where differing 

groups of farmers become involved with agroforestry. It 

therefore remains to identify the salient theoretical and 

policy implications. 

8.2 THEORETICAL IMPLICATIONS 
The research findings from this study affirm the utility of the 

conceptual model and classification of farmers for exploring 

and describing the perspectives of farmers and farm family 

businesses about their involvement in agroforestry. The 

contribution of the research findings to the theories which 

were drawn upon to formulate the conceptual model that guided 

this study will be discussed in two parts. First, theoretical 

aspects of the impact of the internal farmer and farm family 

business relations of production on agroforestry involvement 

will be discussed in relation to the conceptual model's three 

main structural elements - the farm as a family business, 

innovation adoption and sustainable agriculture . Second, 

consideration is then given to the relevance of the thematic 

boundaries for this research, which were derived from 

contemporary theories in agricultural geography about the 

political economy of the agro-food chain. Hence emphasis is 

given to the theoretical implications of this study's findings 

which mainly reflect the central core of the conceptual model , 

rather than the circumference that depicts the external non-

f arm relationships in the macro-environment which may condition 

farmers' perspectives about agroforestry involvement. 
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Theoretical Aspects of the Impact of the Internal Farmer and Farm Family Business Relations of Production on Agroforestry Involvement 

The theoretical framework which established the three main 

structural elements of this study was found to be relevant for 

applying the conceptual model and classification of farmers to 

explore and describe farmers' perspectives about agroforestry 

involvement. The relationship between the theories which 

comprise these structural elements and the impact of the 

internal farmer and farm family business relations of 

production on agroforestry involvement will be considered 

individually , then together to provide a theoretical overview. 

The Farm as a Family Business 

This study has drawn from three theoretical viewpoints about 

the economic, physical and socio-political environment to 

provide a broad foundation for exploring and describing the 

context in which the family farm business operates . At the 

outset, the general findings of this study about the objectives 

of farm family businesses affirm the relevance of the postwar 

theories which challenge the profit maximisation assumptions of 

neo-classical models. While reviews of research on this subject 

(Friedmann, 1978; Gasson et al. 1988) found that farm family 

businesses had a range of goals other than short-term profit 

maximisation , land degradation control was not reported amongst 

them . 

Contemporary research in Western Australia has also shown that 

increased productivity can be realised by managing bushlands, 

and introducing shrubs and trees into the agricultural 

environment (Moore, 1986a; Scott, 1990) ; however, the 

differences found among study area farmers in their 

agroforestry involvement suggest that such findings have not 

been widely acknowledged or applied. The present study thus 

contributes to this theoretical debate by establishing a 

context for analysis of this subject, which has been broadened 

by inclusion of land degradation control and land-use 

diversification as additional non-pecuniary objectives of farm 

family businesses in industrialised countries. 

Consistent with Friedmann's theoretical framework for analysing 

interactions between the internal farm family and the external 

macro-environment (1978, 1980, 1986), this study's conceptual 

model contained eight sets of factors which were subsequently 
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found to influence farmer and farm family business perspectives 

about agroforestry involvement. Amongst these are several 

family structure-related factors associated with stages in the 

family development cycle - a finding which affirms the 

relevance of assessing the interactions between varying 

structural arrangements within farm families and difference s in 

the 'means by which they have survived' (Moran and Cocklin , 

1989:318) . Hence the willingness of family farmers to expend 

funds on new land management practices such as agroforestry , 

especially where short-term financial gain is not the primary 

motive, provides evidence of their capacity to respond to 

challenges which threaten their business operations. 

While other farm family business-related measures, such as 

indebtedness and the structure of decision-making, were not 

found to influence involvement in agroforestry, they have been 

useful in, for example, studies about agriculture in New 

Zealand (Benediktsson et al. 1990), and forestry in the U. S . 

(Greene and Blatner, 1986). Hence there may be subtle 

differences between farmers' perceptions about agriculture , 

forestry and agroforestry as land-uses, with ramifications for 

conceptualising the processes influencing their adoption. 

The relevance of this study's findings to theory about the 

impact of the economic environment on the farm as a family 

business was also found in relation to physical, socio

political forces. The models of environmental determinism 

developed by geographers (see, for example, Grigg, 1984; 

Ilbery, 1985; Bowler, 1986) provide appealing explanations for 

the involvement of farmers in agroforestry, especially to 

control land degradation in southern Western Australia. 

However, the results of the present study are more reflective 

of broader conceptual frameworks, such as the one developed by 

two New Zealand geographers, Moran and Cocklin (1989), in which 

the family farm operates within an historical setting of 

physical, economic and socio-political forces. 

While the managing of bushland and growing of shrubs and trees 

in the study area was found to be primarily aimed at reducing 

erosion from wind, water and salinity, these activities were 

also conditioned by increased interest at the time of this 
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study in income and land-use diversification to reduce the 

impact of the deteriorating terms of trade for Australian 

producers. Hence the present study's conceptual framework of 

farmer and farm family business interaction with the physical, 

economic and socio-political environment was operationalised 

when their impact on the varying forms of involvement in 

agroforestry was statistically verified. However, as noted in 

Chapter One, the aim of this study was to explore and describe 

farmers' perspectives. Therefore, it was not possible to 

address fully the relationship depicted in the conceptual model 

between the internal farmer and family farm business relations 

of production and the external non-farm relationships in the 

macro-environment. 

Although other studies in the U.K. and Australia (see, for 

example, Marsden et al. 1986, 1990; Whatmore et al. 1986; 

Lawrence, 1990) have posited that the agricultural activities 

of family farmers are increasingly dependent upon external 

sources of capital and technology, no such relationship with 

agroforestry was found in the literature review for this 

research. In addition, unlike studies about agriculture where 

similar measures such as social class distinctions and labour 

relations have been found to affect the decisions of farm 

family businesses (see for example Gasson et al. 1988; 

Benediktsson et al. 1990; Cloke and Thrift, 1990), it appears 

that agroforestry involvement is not influenced by, for 

example, stages of family development, or decisions about 

children's education, family labour or management relations. 

Innovation Adoption 

Having centred the first part of this study's tripartite 

theoretical framework, the farm as a family business, within 

the context of similar research, this subsection addresses the 

second main structural element - the adoption of innovations. 

As a promising new land-use practice, agroforestry provides a 

unique focus for exploring and describing the perspectives of 

farme rs and farm family businesses in an industrialised country 

setting where the emphasis is on controlling land degradation, 

rather than solely profit maximisation. 

In the first instance, the present study's findings contribute 

new information to the theoretical debate about the extent to 



whic h t here a r e d iffe r ences between models for t he adoption of 

commercial versus environmental innovations (see, for example, 

Ervin and Ervin, 1982; Chamala, 1987) . Involvement in 

agroforestry was found to differ from the adoption of 

p r oduction - oriented agricul tural innovations in that the 

t r aditional indicators such as age, gender, income level, 

t e nure, o r ri sk assessment and information sharing behaviour 

were not associated with agroforestry involvement . However, 

similarities also appear to exist between progressive land 

management decision-making about the use of both commercial and 

soil conservation- related practices, and involvement in 

agroforestry (see Chapter Five : Table 5.22) . Hence , users of 

conservation tillage, and progressive crop, pasture and 

livestock management strategies were also found to be involved 

with applying agroforestry practices in the study area - a 

finding which logically reflects the long-term environmental 

and financial benefits which may result from their adoption. 

Comparable r esults have been reported i n the wheatbelt, and 

other parts of Australia in relation to both similarities 

between farmers who use commercial and environmental practices, 

as well as differences in relation to the indicators used to 

measure their adoption (see, for example, Fry and Goss, 1985; 

Cary et al . 1986; Chamala, 1987; Gwynn et al . 1987) . The 

present study did not set out to identify if there was a 

relationship between farmers ' use of commercial or soil 

conservation innovations and their involvement in agroforestry. 

However it appears likely that there may be subtle interactions 

occurring between farmers ' decisions about the adoption of 

these practices . Hence , these results both contribute to, and 

lend support to the need for developing theoretical models to 

better predict involvement with land management innovations 

such as agrof orestry which have commercial and environmental 

benefits - particularly in relation to the long-term, less 

remunerative practices . 

Considerable spatial differentiation was also found to be 

associated with the main factors influencing the three 

categories o f farmer involvement in agroforestry. In many 

cases, farmers wi t h similar attributes, characteristics or 

perspectives were distributed in patterns which were more 



clus t e red t han randomly spread throughout the study area. Whi l e 

economic, social and environmental circumstances may be 

responsible, these groupings may also be indicative of the 

innovation diffusion process, with neighbouring farmers 

communicating amongst themselves. Hence, these clustered 

s p atial patterns may be attributed to the various stages of 

adopt ion postul ated for i nnovations i n agriculture (Roge r s , 

1983), or soil conservation (Ervin and Ervin, 1982). They also 

appear to follow Hagerstrand's theory about the diffusion of 

agricultural innovations in a hierarchical manner by people in 

close proximity at the time of contact (Ilbery, 1985) . 

However, the main information and incentives - related dimensions 

of agroforestry involvement differentiate farmers according to 

thei r use of either non-professional, non-farm information 

sources, DAWA, or CALM. Hence there appears to be no clearly 

di scernible centre from which the agroforestry innovation is 

s preading in the study area. These findings therefore lend 

support to the theoretical proposition of Rogers (1983:336) 

that innovations do not necessarily always come from a 

'centralized legitimizing source' . They also confirm the 

val idity of this study's assumption (Chapter 1.2 . 2 . 2 

'Di ffusion Theory in Medical Geography and Agroforestry') that 

the 'mixed hierarchical/contagious diffusion model' (Cliff et 

al. 1 981) is likely to be relevant to the geography of 

agroforestry involvement . 

With regard to the relevance of the latter to the spread of 

agroforestry in the study area, although Rogers has not 

deve l oped an alternative model for the diffusion of non

institutionally-based innovations, he acknowledged (1962) that 

a decentralised diffusion system could arise from inadequate 

scientific research, with farmers assuming early responsibility 

for the development of an innovation. Likewise, Gasson (1988) 

rep o rted t hat farm f amily businesses in western societies have 

a propensity t o innovate, particularly in relation to long-term 

c ommitments where children are coming into the business. No 

ment ion has, however, been found in the theoretical literature 

on soil conservation-related innovations in particular, or 

environmenta l innovations in general, about the implications of 

Rogers ' conceptualised 'centralized legitimizing source' being 



absent. Additional support for inferring that a non - traditional 

diffusion pattern is occurring in the study area has been given 

by the first chapter's documentation of the evolution of 

agroforestry and other land-use innovations in southern Western 

Australia, as well as organic farming in the U.S. 

In relation to Cliff's diffusion model which was developed to 

describe the spread of infectious diseases where no single 

starting point in time and space was in evidence, it also 

appears to be useful for explaining the diffusion of 

agroforestry in the study area. However, for two reasons the 

present study did not fully test the model as others have done 

for the diffusion of tractors in the central U.S. (Cliff and 

Ord, 1975), measles in Fiji and the Pacific (Cliff and Haggett, 

1985), and influenza in the U. S. (Cliff et al. 1986). Instead, 

unlike influenza and measles where their characteristics and 

causal mechanisms were already known, it was necessary to first 

establish what constitutes farmer involvement in agroforestry. 

Secondly, identification of the main factors causing farmers to 

use agrof orestry practices was needed before determining the 

relevance of applying Cliff's theoretical model to the 

situation in the study area. It therefore appears that the 

application of more sophisticated spatial and temporal measures 

than those employed by the present exploratory study, such as 

those used by Cliff et al. (1981), may be useful for further 

explaining the factors influencing the spatial pattern of 

agroforestry adoption in the study area, and elsewhere. 

Sustainable Agriculture 

The third, and last, main structural element in this study's 

conceptual framework reflects the increasing public and private 

sector awareness and concern since the early 1980s about 

achieving a sustainable agriculture, both in this country and 

abroad. Within the context of land management in Western 

Australia, the diversity of perspectives on this laudable goal 

was found to have disciplinary origins which differentiated, 

for example, economists, ecologists, agriculturalists, soil 

conservators and policy analysts (see Chapter 1.2.2.3 

'Theoretical Perspectives'). Recently, at the global scale, 

similar differences have been identified in relation to growth, 



development, and environmental sustainability (Choucri and 

North, 1993:122) 

Systematic analysis of these apparent contradictions is constrained by the 
extent to which serious investigations must draw upon the knowledge and 
skills of diverse disciplines from physics, chemistry, meteorology, and 
biology to economics and political science. Also relevant are the uneven 
quality and availability of data required by these disciplines if progress is to 
be achieved. 

At the outset, the present study contributes to the theoretical 

debate over what actually constitutes sustainable agriculture 

by having adopted comprehensive definitions for this, as well 

as for agroforestry, which encompass achieving economic, 

ecological and social objectives (Altieri, 1983; Anderson, 

1989; National Agroforestry Working Group, 1989). Variability 

in the use of agrof orestry practices by farmers in the study 

area was found to be associated with a range of social, 

economic and environmental relations of production. Hence the 

influence of the main factors affecting agroforestry 

involvement was found to vary spatially in relation to the 

three groups of farmers and their associated attitudes, 

management decision-making, and opinions on the practicability 

of managing bushland, and growing shrubs and trees. 

By also having demonstrated in the previous subsection that 

there is an association between the adoption of progressive 

conservation farming innovations and involvement in 

agroforestry, an underlying theoretical assumption of this 

study has been confirmed - agroforestry is not a rigid set of 

practices, but rather an approach to achieving sustainable 

agriculture which can be modified to meet the needs of the 

human and physical environment (see Chapter 1.2.2.3 

'Theoretical Perspectives'). Hence, for example, from the 

Watkins's land management model (see Chapter 1.2.2.2 : 

'Whittington Banks and Integrated Whole Farm/Whole Landscape 

Planning'), a useful inference for theory about sustainable 

agriculture can be made from the very nature of its 

conceptualisation within the context of the evolving, practical 

experience of a farm family business 

A farmer-based innovation in sustainable agriculture appears to be uniquely 
unconstrained by the disciplinary bias associated with similar models which 
have been developed within professional institutions. 



While in Victoria (Cary et al. 1986), Queensland (Lesleighter 

and Shelton, 1986) and Australia in general (Barr and Cary, 

1992) similarities have likewise been found between favourable 

attitudes towards progressive conservation farming innovations 

and tree planting, looking at these aspects of land management 

alone does not address the complexity of factors associated 

wi t h the sustainable agriculture paradigm. It may well be that 

farmers' perspectives about sustainable agriculture in the 

study area are more comprehensively reflected by their 

involvement with conservation-oriented crop, pasture and 

livestock management, as well as the managing of bushland, and 

the growing of shrubs and trees . New light has thus been shed 

on theory about achieving a sustainable agriculture by the 

present study's conceptual framework, which specifically 

differentiates between bush management, tree growing on farmed 

land, and shrub and tree growing on discharge areas and 

waterways . These findings thus lend additional support to the 

core of the conceptual model which links innovation adoption 

with farmer and farm family business perspectives about 

agroforestry for sustainable agriculture. 

The Relevance of the Theoretical Framework to the Political-Economy of the Agro-food Chain 

Having discussed the theoretical relevance of this study's 

findings within the context of the impact of the internal 

farmer and farm family business relations of production on 

agroforestry involvement, this subsection accomplishes a 

similar objective. The two contemporary themes in agricultural 

geography which provided useful boundaries for the research 

undertaken in this study are considered - the role of new 

technologies for sustainable development, and restructuring of 

family farm businesses by their diversification of income 

earning opportunities and land-use practices (see Chapter 1.2.2 

'Theoretical Context') . The findings of this study were found 

to shed light on the relationship between these thematic 

boundaries and involvement in agroforestry. In addition, the 

research reGults contribute to understanding the perspectives 

of rural producers, an aspect of the political economy approach 

which has reportedly been neglected (Blaikie and Brookfield, 

1987; Hansen and Muszynski, 1990; Munton et al. 1990). 



At the time of this study's surveys in 1988-89, agroforestry 

was a new technology in the study area which farmers and farm 

family businesses were becoming involved with in varying ways 

to enhance the lon~-term sustainability of their predominantly 

mixed farming operations. While growing trees and regenerating 

bushland as windbreaks and shelterbelts for stock, crop and 

soil protection were the most highly ranked objectives which 

original ly encouraged their involvement, there were other land 

degradation problems, particularly salinity and water erosion, 

with which they were confronted (see Chapter Six, Figure 6.1). 

Income and land-use diversification objectives were also in 

mind, with farmers planting tree crops and using, for example, 

deep rooted perennial shrubs to reclaim salt-affected land or 

turn unproductive deep sands into drought fodder reserves . 

Agroforestry involvement was thus found to be largely 

associated with enterprise diversification and adopting new 

technologies to reduce land degradation and achieve a more 

sustainable agriculture. However, these are only two themes in 

the wider context of research by agricultural geographers into 

the political-economy of the agro-food chain (see Whatmore, 

1991, 1993). While only a portion of the political-economy 

approach was applied to achieve the aim of this study, a new 

dimension of relevance to this theme in agricultural geography 

has been uncovered - farmers' perspectives on long-term, less 

financi ally driven land-use practices, such as agroforestry. 

In particular, the findings of the present study further extend 

O'Riordan's work (1989:85), which conceptualised contemporary 

trends in European environmentalism in terms of their leaning 

either towards 'ecocentrism' or 'technocentrism' (see 

Glossary) . While innovations in agriculture and forestry are 

generally associated with the latter, agroforestry lies in 

between these opposing viewpoints. That agroforestry integrates 

both conservation and production-related objectives has been 

well documented internationally, as well as in Australia and 

the study area in particular (see MacDicken and Vergara, 1990; 

Prinsley, 1991; Prinsley and Others, 1991; Chapter 1.2.1 

'Land Degradation Problems and the Agroforestry Response'). 

Hence the present research broadens the scope of the political 

economy approach by providing a basis for future application of 



O' Riordan's theoretical model withi n a new context ua l setting -

f armers' perspectives about agroforestry, particularly for land 

degradation control . 

O' Riordan and social scientists in other industrialised 

countries such as New Zealand, the U.K. and the U. S . (see 

Cloke , 1 988 ; Clout, 1988; Buttel, 1 989; Peet and Thrift, 1989; 

Cloke and Thrift, 1990; Britton et al. 1992) applying the 

political - economy approach have viewed the restructuring 

changes occurring in the rural sector in terms of their being 

predominantly profit maximising activities . However, one recent 

Australian study in the eastern and southeastern parts of the 

continent has focused on rural restructuring and changes within 

production agriculture and farmers' attitudes to the 

environment (Lawrence et al . 1992), but the impact of their 

perspectives on both bush management , and shrub and tree 

growing was not considered . 

The present study's conceptual model which was developed in 

another part of the country, Western Australia, therefore 

provides a potential framework for applying the political 

economy approach to assess the involvement of farmers with long 

term activities, such as using agroforestry to control land 

degradation. It is indeed an irony that the intensity and 

potential for land degradation in Australia, particularly in 

the western portion, has thus created a fertile environment for 

such research , as well as the development of farmer-based 

innovations using agroforestry and other practices to achieve a 

sustainable agriculture. The next subsection will discuss the 

relevance of these overall findings to land-use policies in 

Austral i a , and other industrialised countries . 

8.3 POLICY IMPLICATIONS FOR LAND MANAGEMENT 
Havi ng assessed the theor etical implications of this study's 

findings , it remains to ascertain the extent to which these are 

r elevant to contemporary land management policies . At the 

outset , the research findings fit within the context of other 

geographical studies in the 1990s by contributing information 

to policy agendas in industrialised countries which were once 

production oriented, and now 'contractionist , heavily overlain 

by environmental concerns' (Bowler, 1 989:393 ) . 



As i n Australia since the mid-1980s, farmers, scientists and 

policy makers in other industrialised countries have 

i ncreasingly become aware of the potential for using 

agr o f orestry systems to reduce the impact of land degradation 

(see Chapter 1.2.1 'Historical Context of the Study'). 

Nonethe l ess, it is apparent from the literature review that the 

present study's findings about the inter-relationship between 

the i nvolvement of farmers in the management of bushland and 

t he growing of shrubs and trees have not been considered -

e ither in this state or elsewhere . Hence the conceptual 

framework, which was created mainly to describe the 

perspectives of southern Western Australian farmers about 

i nvo l vement in agroforestry, may also be relevant for 

identifying the impact of contemporary land-use policies. 

This study has, however, focused on identifying farmers' 

perspect ives about agroforestry involvement, rather than the 

influ ence of the external non-farm relationships in the macro 

environment , such as land management policies (depicted at the 

periphery of the conceptual model in Figure 1.2). Therefore, an 

overvi ew , rather than a comprehensive discussion, is presented 

of the salient policy implications of the research findings for 

l a nd management in the agricultural areas of southwestern 

Western Australia . In general, these are associated with : (a) 

the dimensions, categories and spatial patterns of agroforestry 

involvement, (b) the main, as well as other significant factors 

influencing farmer involvement, and (c) the complexity of 

issues associated with describing the decision-making of 

farmers a bout agroforestry involvement. 

Policy Implications of the Dimensions, Categories and Spatial Patterns of Agroforestry Involvement 

In the fi rst instance, the three dimensions, categories and 

spatia l patterns of farmer involvement in agroforestry which 

were revea l ed by PCA and cluster analysis have provided a 

quantitat i ve basis for describing these practices . As it was 

found tha t involvement with managing bushland influences the 

amount and l ocation of planting - either on farmed land, or on 

di s charg e areas and waterways - it is reasonable to consider 

the e x t e n t to which current policies reflect this relationship. 

hile the r e l evant government Departments (CALM, DAWA, WAWA) 

have the ir own separate policies, The Decade of Landcare Plan 



for Western Australia (DAWA, 1992) is the pr i ncipal document 

identifying contemporary interagency policy in this state on 

sustainable land management practices for controlling land 

degradation during the 1990s . 

The role of agroforestry practices features throughout the 

Pl an , for example (DAWA , 1 992:41) 

Advice about integrating trees and farming should be incorporated in the 
whole-farm planning process ... Demonstrations of how to integrate trees and 
farming should be established on farms in each region to show the costs and 
benefits of trees on farms . 

Prevention of remnant vegetation decline by reducing the 

' effects of fire , waterlogging and disease, and the grazing 

pressure imposed on it' is also identified (DAWA, 1992:102). 

These , and other more specific tree growing and bush 

management - related measures described in the Plan, are policy 

initiatives reflecting the relevance of the three dimensions of 

farmer involvement in agroforestry which were identified by the 

present study . For example, as a remedial measure for 

controlling salinity, the Plan recommends integrating the 

preservation of bushland and the growing of shrubs and trees, 

both on farmed land and on discharge areas and waterways, with 

other agronomic and engineering practices at the farm and 

catchment level (DAWA, 1992:86). 

However, the imposition of legal restrictions on the clearing 

of remnant vegetation is assumed in the Plan to be an adequate 

bush management practice for reducing salinity, with no 

specific reference to the possibly deleterious effects of high 

leve l s of bush grazing which were found in the study area (see 

Figure 2 . 4). There is thus no recognition of the impact of bush 

grazing on plant water use, even though CSIRO research had 

already found by the mid-1980s that total evaporation from the 

u nders t ory vegetation is a major component of the water budget, 

with subsequent important ramifications for controlling 

salinity (Greenwood et al . 1 9~5). While there are 'published 

assumptions . .. of desperation ... which are generally accepted, 

albei t reluctantly by both authors and editors ... that the 

forest understory does not contribute greatly to total 

evaporation' (Greenwood , 1 992 : 91), others claim that the taller 

t rees will compensate for the missing understory by increasing 



their evaporation rates (John Bartle, CALM, pers. comm. 1993 ) . 

De spite this controversy, follow-up research has not been 

unde r t aken to determine if bush grazing contributes to 

salinisation in Western Australia (George Kikiros & Ian Loh, 

WAWA, pers . comms. 1993), or other parts of Australia (Eric 

Greenwood, CSIRO, pers. comm. 1990; Nicholas Schofield, LWRRDC , 

pers. c omm. 1 993 ). Hence, by no t having addressed this i ssue in 

the Plan, the findings of the present study reveal the need for 

a research project to explore these issues, with potentially 

important future implications for extension . 

As t his research has not been done, it is reasonably likely 

that farmers are unaware that salinity problems may result from 

their grazing of bushland areas. In fact, it is reported in the 

Plan that 'farmers are .. . concerned about losing access to 

prot ected areas of remnant vegetation, recognising their value 

as shelter for stock' (DAWA, 1992:102) . It is probable that 

thi s is predominantly occurring in the western parts of the 

study area where l ow levels of involvement with bush management 

were identified by PCA. While a recent CALM publication 

provides practical management guide-lines (Hussey and Wallace, 

1 993), there could be greater involvement with the managing of 

bushland, particularly in that western region, if farmers were 

a b l e to predict the impact of livestock grazing on salinity . 

Should such information become available in site specific 

contexts, it could provide the foundations for more informed 

deci sion- making in the future about the benefits of managing 

bushland than at the present time . Targeting particular groups 

of f armers who most need it, such as the bush grazers/planters 

in t he study area, would be an efficient means for 

dis seminating this information. A broader extension-related 

policy initiative which links the fencing of bushland with the 

growing of shrubs and trees for land degradation control 

logically fo l lows . By so doing, possibly with financial 

incentives for farmers who undertake both activities in a 

coord i nated manner , a new impetus and direction could be set in 

place for enhancing sustainable land management. While grants 

are avai l able from the Commonwealth government to protect 

bushland (Save t he Bush Program ) and plant trees (One Billion 

Trees Program ) , at the present time they are awarded 



separately, with the farmer's share of available funds for 

Western Australia considerably less than the latter (DAWA, 

199 2:23) . To address the remnant vegetation management and 

protection issue in this State, a policy initiative is under 

discussion by the Chief Executive Officers of CALM, DAWA, WAWA 

and the Environmental Protection Authority (Frank Batini, CALM, 

pers. comm. 19 93) . 

Policy Implications of the Main and Other Significant Factors Influencing Involvement 

Having found that this study's conceptual model and 

classification provide a relevant basis for identifying land 

management policies which may influence agroforestry 

involvement, it remains to discuss related implications 

resulting from the main and other significant contributing 

factors (see Table 7.8). First considered are the policy 

implications of the five main factors which were found in the 

regressions to be predictors of involvement, and also to 

differentiate the three cluster groups of farmers . This is 

followed by discussion of the policy implications of the three 

other significant contributing factors of lesser influence, 

none of which differentiates the varying types of involvement, 

but are all predictors. 

Three of the five main influencing factors have negative, 

constraining effects on agroforestry involvement which can be 

associated with generally shared characteristics of the first 

cluster group of farmers and farm families in the study area. 

In contrast, the two remaining main influencing factors 

differentiate tendencies of the two other groups of farmers . 

The policy related implications arising from these findings 

afford the potential to broaden the scope of contemporary WA 

programmes for agroforestry extension . While biophysical 

factors are considered in relation to meeting specific requests 

from farmers and Land Conservation District Committees, the 

extension of agroforestry information by government Departments 

does not differentiate between groups of farmers in relation to 

the three general types of agroforestry activity postulated in 

this study 's conceptual model (David Bicknell, DAWA, pers . 

comm. 1993; Ian Loh, WAWA, pers. comm. 1993; Richard Moore, 

CALM, pers. comm . 1993). 



onetheless, it is likely that the impact of these constraining 

factors - uninterested, non - conversant attitudes; unsuccessful 

bush management, or growing native or exotic species; and 

small , mainly sheep farms - might be lessened if information 

about agroforestry practices was targeted to farmers. As the 

bush grazers/planters tend to be most associated with having 

such deleterious attributes, it appears that a new approach to 

information extension could target this study's three groupings 

of farmers according to their needs. In relation to the first 

two constraining factors, such targeting is, however, unlikely 

to require a spatial emphasis. The attitudinal trait was found 

to be associated with farmers who are distributed in clustered 

groupings throughout the study area, rather than dominantly in 

one area more than another. The second constraint -

unsuccessful bush management, or growing native or exotic 

species - characterises the opinions of farmers who are located 

in a dispersed pattern throughout the study area . 

The third main constraining factor influencing agroforestry 

involvement - small, mainly sheep farms - reinforces the 

relevance of considering the socioeconomic characteristics of 

farmers and farm families in studies about land management. 

Clearly, policies aimed at enhancing the management of bushland 

could be advanced by targeting the bush grazers/planters who 

re little involved with such practices. In this instance, 

locational factors do have importance, with these farmers being 

mostly found in the western third of the study area. 

The fourth positive, main influencing factor - budgeting for 

bush management, and shrub and tree growing on all properties 

lso has policy implications. Since the third cluster group, 

he planters/bush fencers, were distinguished in the summary 

statistical analysis from the bush grazers/planters in relation 

o their association with this attribute, it is logical to 

infer that targeting the appropriate groups of farmers with 

information about the benefits of such management decision 

making could have a realisable impact. While locational 

'nfluences seem unlikely, the farmers least associated with 

his diversified approach to agroforestry involvement are not 

located in the west, southwest or southeast of the study area -



hence such an initiative might possibly be most effective in 

the drier central and northern i nterior regions . 

While the Plan has policies recommending both bush management 

and tree growing on farmed land 1 none has been identified which 

specifically encourages the latter on more than the main income 

earning property (MIE) . It may well be that such l and, perhaps 

located non-contiguously with the MIE, is not managed using 

long-term, less financially remunerative practices such as bush 

management and shrub and tree growing. Since the absence of 

property expansion go2ls was found to differentiate the bush 

fencers/planters from other farmers, it appears that a policy 

initiative to encourage agroforestry on non-MIE properties 

could have a beneficial, long-term effect on land management. 

The fifth and final, main influencing factor - successfully 

growing native and exotic species - reflects the effectiveness 

of CALM, DAWA and WAWA policies in Western Australia which 

have, as in other states, focused on tree establishment as a 

high priority (Prinsley, 1991:36) . As with the previous main 

influencing factors, a policy initiative would be appropriate 

which targets farmers who are either little involved with shrub 

and tree growing (having characteristics similar to the bush 

grazers/planters) or mainly salinity control oriented, hence 

having little experience with growing exotic species . In this 

instance, this should be done specifically in the western parts 

of southern Western Australia where salinity problems and plant 

establishment are more difficult . In such areas exotic species 

have generally not prospered, which contrasts with less adverse 

sites where shelterbelts of mixed species are frequently grown. 

The three other significant contributing influences on 

agroforestry involvement which are reported in the summary 

statistical analysis do not differentiate the three groups of 

farmers in the study area. Hence targeting policy initiatives 

i n their regard according to category of agroforestry 

involvement is not relevant . However, the biophysical-related 

factor - largely cleared , low rainfall, mallee and sandplain 

country, and the socioeconomic attribute - educated, less 

experienced sheep farmers - have well-defined geographical 

influences on them (the former in all but the western third of 



the study area, and the latter in the west and southwes t) whi ch 

are s uited to regi onal policy initiatives. These might be ab l e 

to e xpand the present general involvement of farmers with 

growi ng trees on farmed land to include shrub and tree growing 

on discharge areas and waterways, as well as managing bushland. 

Final ly, policies which support non-professional, non-farm 

interactions with farmers are like l y to be beneficial , 

particularly in relation to their encouragement of tree growing 

on farmed land . Policy initiatives in this regard do not need 

to c onsider locational influences, as farmers associated with 

using these types of information sources were not found to be 

clustered in the study area . 

Future Policy Issues 

Apart from these theoretical advances and policy implications 

resulting from the present study, there are certain other 

policy issues which were not looked at in this research that 

me ri t consideration . For example, although the term 'net social 

benef it' is used to define agroforestry (see Chapter 1.1 

'Introduction to the Study'), it was beyond the study's 

obj ectives to identify its policy making relevance to farmer 

involvement with bush management, and shrub and tree growing in 

southern Western Australia. The apparent complexity of 

describing the decision-making of farmers about agroforestry 

suggests that important policy implications a l so emanate from 

the external non-farm relationships in the macro - environment. 

Considerable spatial variability is associated with the range 

of s ocial, economic and environmental factors influencing the 

involvement of farmers in agroforestry. In some instances, 

clustered patterns of farmers in the study area with similar 

attributes reflecting these factors lend themselves to targeted 

policy i nitiatives . In general, however, geographically 

determined factors provide only a limited explanation of the 

main i nfluences on agroforestry involvement , and mode l ling 

these interactions has low predictive capability. 

Associations between the internal and external relations of 

famil y farms and the macro-environment are a subject of 

geogr aphic enquiry (see Chapter 1. 2.3 : 'Conceptual Model' ) to 

which the fi ndings o f t he present study contribute . As managing 

bushland , and growing shrubs and trees is generally a new 



endeavour on Australian farms, the first national report on 

research priorities noted (Prinsley, 1991:v,31,32) 

Agroforestry has the potential to become a widespread form of land-use, 
changing and improving the sustainability and profitability of Australian 
agriculture and forestry .. .In many parts of Australia the benefits of trees on 
farms are not well understo~d, and agroforestry as a land-use is very much 
in its infancy ... If agroforestry is to succeed as a rural industry, research 
needs to investigate all its aspects. There is no established academic basis to 
this fledgling scientific field which can provide the necessary focus for 
much needed basic research. Current research is concentrating on 
productivity and sustainability. Adaptability, which would need to include 
socioeconomic research , has few entries in the database of current research 
activities. 

With the report having found an increase in interdisciplinary 

cooperation over the last decade amongst agriculturalists, 

foresters, and more recently hydrogeomorphologists (George and 

Conacher, 1993), the potential for encouraging greater farmer 

involvement in agroforestry appears optimistic. While a social 

science research contribution, such as the present study, to 

this goal is yet unrealised , in the industrialising countries 

there has been considerable benefit, particularly with the 

Diagnosis and Design (D & D) methodology used by the 

International Centre for Research in Agroforestry (see Chapter 

3 . 4 [3] 'Practicability and Success with Applying 

Agroforestry Practices') . That methodology provides a broader 

blueprint for relating farmers' perspectives about agroforestry 

involvement to research and extension than this study's 

conceptual model. In light of there being no D & D methodology 

applied in Australia and other industrialised countries, 

merging these two models would establish a foundation for the 

development of future policy initiatives. 

Likewise, another industrialising country concept could be 

relevant for Western Australia - 'community-based extension 

research and development agents (ER & D agents) ' . These are 

people with an applied orientation who have been trained to 

provide a formal, complementary relationship to 

institutionally-oriented researchers (Raintree, 1989:216). Such 

an initiative would assist innovative farmers using 

agroforestry practices who are increasingly called upon to 

devote their time to showing people their work (English, 1993; 

Bev Lynch, Mt . Barker farmer, pers. comm. 1992; Ron Watkins, 

Frankland farmer, pers. comm. 1993). Likewise, ER & D agents 

could enhance greater agroforestry involvement by bringing 
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farme rs and s cient i st s t ogether at the inc e p tion of 

demo n stration plantings, rather than at later stages - a 

process currently being tested in the south-west of Western 

Au s t ralia which offers promise for better marketing of 

agrofo r estry as a l and-use product (Scott , 1991b ) . 

Current economi c conditions, howev e r, cast shadows on the 

poten t ia l for substantially greater agroforestry i nvolvement t o 

result from the policy initiatives which have been discussed 

for Western Australia in particular, and Australia generally. 

The present study describes farmers' perspectives during the 

late - 1980s when the terms of trade for primary products were 

comparatively more favourable than at present. The apparent 

diversity of viewpoints about the nature and importance of 

policy initiatives to ameliorate the recognised constraints to 

farmer involvement in agroforestry (see for example, Prinsley 

and Moore, 1 991; Prinsley and Bicknell, 1 992) suggests that 

thi s debate is likely to remain unresolved and continue in 

other forums . It is therefore relevant to conclude that while 

the present study has specifically aimed at describing farmers ' 

perspectives about the factors influencing their use of 

agroforestry practices, there has been comparatively little 

opportunity in recent years for them to contribute their views 

on policy initiatives which could advance their involvement . 
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APPENDIX 1: STUDY DESIGN, STRUCTURE AND LIMITATIONS 

The procedures used in this study for questionnaire design and structure adhere to 
contemporary theory and practise (Warwick and Lininger, 1975; Webb et al. 1966, 1981; 
Abrahamson, 1983; de Vaus, 1991; Smith, 1991). Sample survey methods were adopted as 
they are the most common of social science research techniques which allow for data 
collection with the sample population's cooperation. The first survey questionnaire (The Great 
Southern Tree Growing Survey) was designed, extensively pre-tested, and distributed to a 
random sample population using the drop and collect method (Walker, 1976). This method 
was selected for its administrative simplicity and speed, cost effectiveness, and potentially 
high response rates. The second survey questionnaire, (The Family Structure, Indebtedness 
and Decision-making Survey), involved telephone interviews of a randomly selected subset of 
the original respondents. This questionnaire was also pre-tested and adhered to the procedures 
used for formal interviews (Webb et al. 1966, 1981). Different methods, using non-reactive 
measures, such as archival research and related literary analysis, were subsequently employed 
in the thesis to explain the data. 

The self-administered questionnaire was pre-tested on several occasions using the split-ballot 
technique with differing sample populations of farmers in the study area. On some occasions 
several interviews were held with the same individuals to ascertain if the re-drafted multiple 
choice, open-ended or close-ended question(s) were less ambiguous and more 
comprehensible. In so doing the survey questionnaires developed their final format through a 
series of drafts, each of which may have been only slightly different from the previous 
version. Such interviews with respondents were also an important means of clarifying the 
rationale for selecting questions. Throughout this phase of pre-testing, the relationship 
between each question and its responses was compared. In some cases the wording was 
altered to reduce conceptual difficulties and suit local vocabularies, thereby incorporating 
vernacular which could be more widely understood than academic terminology. 

Standard procedures were used to reduce the typical reactive effects encountered with sample 
surveys which may invalidate their results. Role selection errors were reduced by careful use 
of wording w;hich made it difficult to respond to a question in the way respondents thought 
may have been desired. Attitudes were not tested using implied alternative questions, or the 
semantic differential of Osgood et al. (1957) so that respondents were not sensitized to 
express opinions which were not their own. In only one instance were opinions sought 
(whether or not financial incentives would be useful for fencing off different parts of the 
farm). All other questions measure or describe phenomena, such as the extent of the farmers' 
knowledge about shrubs and trees, the amounts, locations and types of plantings, the 
incidence of land degradation and technical problems, financial and/or time constraints to the 
management of agroforestry plantings. Confidentiality was also provided so that the 
respondents would be less likely to answer questions dishonestly. Likewise, the potential for 
measurement induced change was reduced by alternating the content of survey questions so 
that respondents were unlikely to easily develop opinions which they had not previously held. 
In addition, the pre-survey respondents differed from those in the final surveys, so role 
selection could not occur. Potential measurement errors from response sets was also obviated 
by deliberately not posing any questions which were susceptible to responses with a 'yes' bias. 

Problems resulting from instrument change have not occurred because no changes were made 
to the surveys after pre-testing. All surveys were identical, and had complete sets of pages. 
The interviewer effect was reduced by using the drop and collect method of distribution rather 
than traditional mail questionnaires and interviews to collect data. In this study, the survey 
was distributed and collected by farmers in bush fire control brigades that were clustered 
throughout the study area. Varied personal means of informal persuasion were used by these 
people to emphasise the need for the respondents in their areas to provide considered 
responses in a timely fashion. 

Bias in the questionnaire was avoided by not limiting the range of potential responses to any 
of the questions. Nor were the questions biased by their having been designed to elicit pre
determined responses. Sampling eJTor bias from population restriction has been minimised by 
not having the sample composed of people who volunteered to complete the survey 
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questionnaire. Instead, the standard random selection method was used, which in this case 
involved obtaining landholder names in each of the study area shires from the Agricultural 
Protection Board (DA WA, South Perth). The principal selection criterion for the sample 
population was that they must be producers of cereal grains or livestock, or both. 

The sample size is large and 95 per cent reliable, with a sampling error of plus or minus 4 per 
cent, as representative of the broad acre farming population in the study area (de Vaus, 1991 : 
71). The survey is of the adult broadacre farming population which cannot be compared for 
representativeness with ABS data which does not provide ages for urban vs. farming people 
in local government areas (shires). Comparison of respondents to non-respondents is also an 
important element of sampling theory and practise (Abrahamson, 1983: 214, de Vaus, 1991 : 
73). The non-respondents (see Chapter 3, Table 3.1) were not surveyed to identify their 
characteristics because of a lack of time and financial resources. However, such deficiencies 
in obtaining information are recognised contributers to reductions in the level of precision for 
exploratory research such as the present study (Smith, 1991: 170). 

Population instability over space and time is not likely to have any effect on the results of this 
study. The random sample population is located in a large geographic area, and there are no 
areas not represented by at least.a few respondents. Also, there have been no major changes to 
income earning agricultural enterprises since the inception of this study. Likewise, there have 
been no significant changes in technical or financial measures affecting the ability of study 
area farmers to become involved in agroforestry. 

The ability for survey replication has been built into this study's procedures. The 
questionnaires are replicable at a later date, in the same or similar regions. This study's survey 
design and structure were also designed to characterise the sample population accurately and 
objectively. The dross rate was reduced by providing close-ended questions, wherever it was 
not considered absolutely necessary for subjective responses to be given with potentially 
unusable information. The dross rate was also controlled by using the questionnaire method 
for collecting data, rather than interviews as the primary measuring instrument. 

While limitations to the surveys are detailed in the following paragraphs, in general the author 
is quite certain that the issues covered were of sufficient interest and immediate concern to 
the sample population that they responded with clarity and truthfulness as best they could. IIl 
addition, the sample farmers were asked to respond to the surveys during the two main 
periods of time when they were not occupied with seeding or harvesting cereal grains. No 
problems were encountered with their inability to understand how to respond to questions, or 
related problems such as urban academic resentment and mistrust. 

Several inter-related aspects of the study present potential limitations for examining the 
subject of farmer involvement in agroforestry. The main limitations are concerned with the 
representativeness of the present study in relation to (1) the study area, (2) the period of time 
in Western Australian history for the survey, and (3) the respondents' abilities to respond 
accurately to the survey questionnaires. In addition, there has also been potential for personal 
bias affecting selection of the variables tested and the interpretation of results. 

In the first instance, the study area was selected because of its overall lack of summer rainfall, 
which is considered to be reasonably representative of MediteITanean climatic conditions in 
this country and other parts of the world. While comparisons between physical regions can be 
problematic, the overall feature of dry summers is a common characteristic of MediteITanean 
climates which distinguishes them from other regions (Gentilli, 1977). In the second instance, 
selection of the pe1iod for conducting the field surveys presents possible limitations to the 
interpretation of the research results. During the late 1980s and early 1990s Australian 
farmers saw a substantial fluctuation in wool prices which started to 1ise rapidly in 1987, but 
which by 1991 had fallen to levels which threatened the survival of many rural producers 
(Australian Wool Board, 1987-91; Barr et al. 1992). Likewise, during the late 1980s 
Australian farmers benefited from increasing world wheat prices which rose from US$ 111 
per tonne in 1987 to $175 per tonne in 1989 (Australian Wheat Board, 1992; Brown, et al. 
1990). A major part of the data for this thesis was thus collected during this buoyant 
economic period, when producers were generally likely to be optimistic about adopting land 
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management practices such as agroforestry. The results of the present study can therefore be 
considered as descriptive of the perspectives of farmers and farm families on agroforestry 
involvement during the 'good years' . However, it is also reasonable that their involvement is a 
function of the timeless, traditional conservatism of farmers towards long term investments 
such as those associated with agroforestry. 

The respondents' abilities to respond accurately to the two questionnaire surveys must also be 
recognised as potential limitations which could have influenced their responses. The literacy 
of farmers in the study area was an initial assumption based upon the success of previous 
written surveys in the general region. While variability in general farming competence and 
comprehension of the questions was expected, pre-survey testing identified that generally 
crowded office or kitchen table working conditions and poor lighting were unexpected 
limitations which may have adversely affected the concentration level of respondents. The 
length of the survey questionnaires could also have seemed daunting initially, especially to 
respondents who were minimally involved with growing shrubs and trees or bush 
management. While those farmers may not have felt it worthwhile to provide accurate 
responses, the survey design allowed them to stop at the end of the first part of the 
questionnaires. Despite these limitations, the majrnity of respondents answered the structured 
questions with coded alternative responses, and the open-ended types with written responses. 

Personal bias may also place a limitation on the validity of the present study. In relation to the 
variables which were tested, their selection was based upon a thorough review of the relevant 
literature which is documented in the appropriate chapters . Nonetheless, in several cases, 
particular sets of variables were tested which the author considered useful for eliciting 
responses from the farmers which had not been previously considered by other researchers. 
An associated limitation lies in the present study's acknowledgement that the identification of 
all factors influencing farmer involvement in agroforestry is not one of its objectives. The 
exploratory nature of this thesis does, however, provide a firm basis for future research to 
either broaden or narrow the range of variables which are tested for determining their impact 
on farmer involvement in agroforestry. Finally, the deleterious effects of personal bias may be 
evident in interpretation of the research findings, but the methodological approach taken in 
this study significantly reduces the potential for this to occur. 
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APPENDIX 2: GREAT SOUTHERN TREE GROWING SURVEY 
QUESTIONNAIRE 

GREAT SOUTHERN TREE GROWING SURVEY: PART I 

PLEASE READ: 
1. Your name and response to this survey will be kept strictly 

confidential. 
2. Rip off this sticker if you do not want your name to be 

recorded with the results. 
3. Make any corrections to the sticker here: 

4. TELEPHONE ____ _ 
SHIRE _____ _ 
SEX:M/F __ 

PLEASE RETURN QUESTIONNAIRE TO: __________ _ 
BY: __________ ~ 

************************************************* 
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The purpose of this survey is to find out from you and other 
farmers what factors influence recent increased interest in 
growing trees and regenerating bushlands for shade, shelter 
and other uses [not including horticultural fruits and nuts]. 

There are only 39 carefully selected questions, and most are 
multiple choice answers. The results will assist with: 

1. more efficient planting and establishment of trees 
2. reducing land degradation 
3. increasing the income earning potential from agricultural 

lands 
4. advancing bush fire prevention measures 

Meetings will be arranged later this season to provide 
summaries of the results on a shire basis for those who are 
interested. These summaries will let farmers know where they 
stand in comparisons within the farming community, as well as 
include information on common problems, solutions, interests 
and needs. Ideally this can help local groups of people 
initiate follow-ups on subjects that interest them. 

This information will also serve to help fam1ers find out what 
others are doing and provide a basis for developing useful 
programmes. All of this should be as interesting and helpful 
for you as it will be for my prospective study of the 
development of agroforestry in the Southwest of Western 
Australia. 

Should you wish further infom1ation contact me directly : 
Henry W. Esbenshade 
Department of Geography, 
University of Western Australia, 
Nedlands 6009. 

Telephone. [09] 380-2720 or 380-2698 or 384-7584 a/h 
THANK YOU for your assistance with filling this in! 
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lA. How old are you? 
1. under 21 
2. 21-30 
3. 31-40 
4. 41-50 
5. 51-60 
6. over 60 

B. How many years have you been fanning? __ years 
If you have been farming elsewhere, please write where: 
other shire[s] in W.A. _______________ _ 
shire in other state[s] ______________ _ 
another country _________________ _ 

C. Which of the following best describes your current 
legal status? CIRCLE ONE ANSWER 
1. public company 
2. private company 
3. sole proprietor 
4. family partnership 
5. other partnership 
6. trust 
7. cooperative 
8. lessee/sharefarmer 
9. manager 
10. part time farmer 
11. hobby farmer 
12. other [specify] _______________ _ 

UNLESS OTHERWISE REQUESTED, PLEASE ANSWER FOR YOUR MAJOR 
INCOME EARNING [MIE] PROPERTY 

Your MIE property may consist of one or more blocks within the 
vicinity, but largely managed as one farm. 

2A. How many years has your MIE PROPERTY [major income earning 
property] been in your family? __ years 

B. By what year was the bulk [more than half] of your MIE 
property cleared? __ year 

C. How much land remains to be cleared that could be suitable 
for cropping or grazing? __ ha or __ ac 

3A. Average annual rainfall for the last 5 Years on your MIE 
property? PLEASE CIRCLE APPROPRIATE ANSWER 
1. under 250mm (10"] 
2. approx. 250-350mm (10-15"] 
3. approx. 350-500mm [15-20"] 
4. approx. 500-750mm (20-30"] 
S. above 750mm (30"] 

B. Is this more or less rainfall than the long term average? 
PLEASE CIRCLE ONE ANSWER 
1. more __ % 
2. less __ % 
3. about the same 
4. Did not keep records 
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4A. Total area of your entire property[s]? ___ ha or ___ ac 
B. Total area of MIE property? ha or ac 
C. Total area of native bush on MIE property? 

ha or ac 
D. How much of this bush is currently grazed? 

ha or ac 

S. Where is most of this MIE property located? CIRCLE ONE ANSWER 
1. in the hills [usually gravels] 
2. on the sandplain 
3. on the lowlands [usually clays] 
4. on undulating country [usually mixed soils] 
S. on maJ lee country 
6. other [please specify] _____________ _ 

6. Do you have property [s] at other Locations? yes/no 
If yes, in which area[s]? LIST NEAREST TOWN OR DISTRICT: 

7 A. On which location have you PLANTED the most shmbs or trees? 
1. MIE property 
2.none 
3. other[s] [please specify] ___________ _ 

B. On which location[s] were any trees planted by previous 
owner[s]? 
1. MIE property 
2 none 
3. other[s] [please specify] ___________ _ 

C. If trees were planted by previous owners, for what reasons do 
you think they were grown? _____________ _ 

D. Have you ever included in your farm budget the expenses for 
regenerating bushlands or farm tree growing [e.g. fencing, 
seedlings, contractors]? yes/no 

E. Have you heard of agroforestry? yes/no 
If yes, please describe this term as you understand its 
relevance to your property: 

8. If trees have been planted by previous owner[s] on your 
property[s] . What general types [eg pines,eucaJypts, 
tagasaste] and number have been planted? 

general [number area km of 
types of trees] (ha) or (ac) rows 

a. or or or 
b. or or or 
c. ___ _ 
d. __ _ 
e. ___ _ 

or 
or 
or 

or 
or 
or 

or 
or 
or 
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LAND MANAGEMENT ASPECTS 

9A. Have you had any land degradation problems affecting your 
MIE property in the last 5 years? yes/no 

B. If yes, please list by order of importance [l=the worst, 2= 
next worst and so on] for those problems affecting your MIE 
property: 
1. _________ _ 
2 . ~~~~~~~~ 
3. _________ _ 

C. Which of these problems is the worst threat to your MIE 
property's VALUE: ________________ _ 

D. Which of these problems is the worst threat to your MIE 
property's PRODUCTION: _____________ _ 

1 OA. Have you made a conscious effort to: 
a. grow farm trees? yes/no 
b. grow forage shrubs? yes/no 
c. graze your bush? yes/no 
d. regenerate bushland? yes/no 
e. reduce salting by planting and/or saving shrubs and/or 

trees? yes/no 
f. grow your own trees in a home nursery? yes/no 

if yes, then what capacity is the nursery? __ trees/yr 

B. How much experience do you have with growing farm trees [not 
fruit or nut trees]? CIRCLE ONE ANSWER 
1. very experienced 
2. have a little experience 
3. have no experience--just started 
4. have no experience at all 
5. other [please explain] _____________ _ 

C. What is the major problem you have experienced with growing 
trees?------------------------

D. What do you need to assist you in planting and managing 
trees on your MIE property? CIRCLE THE MOST IMPORTANT (no more 
than three): 

I . no need for advice 
2. more knowledge, advice 
3. tax assistance 
4. more money [e.g. subsidy scheme] 
5. more money [e.g. cheaper loans] 
6. more time [e.g. personal, family, volunteers] 
7. access to adequate water supply 
8. cheaper fencing 
9. cheaper trees 
10. a local forestry cooperative owned by local farmers, 

employing a forester manager 
11 . demonstration sites showing good value 
12. better insect controls 
13. other ____________________ _ 
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l lA. Have you planted trees or shrubs BEFORE 1988? yes/no 

IF NO, PLEASE TURN TO QUESTION 13 

B. Overall, how many trees have been planted and established 
PRIOR TO 1987 on all your property[s]? CIRCLE ONE ANSWER 
1. none 
2. less than 100 trees 
3. 1 00-500 trees 
4. 500-1000 trees 
5. 1000-5000 trees 
6. 5000-10,000 trees 
7. 10,000 and more trees 

C. Please list the common names of trees you have planted PRIOR 
TO 1987 [e.g. just write eucalypts, pines, tagasaste. Do not 
write species names, like E.camaldulensis for river red 
gums]:-----------------------

D. Briefly list your main reasons for growing trees PRIOR TO 1987: 

E. Have you PLANTED SHRUBS [e.g. saltbush] prior to 1987 on your 
property[s]? yes/no 

F. If yes, for what purpose?-------------· 

G. Please fill in spaces if shrubs were planted and established 
prior to 1987: 

a. name: ____ , on ___ ha or ___ ac, or __ km of rows 
b. name: , on ___ ha or ___ ac, or __ km of rows 
c. name: , on ___ ha or ___ ac, or __ km of rows 

12A. How many trees have you planted and established on all your 
property[s] DURING 1987? CIRCLE ONE ANSWER 

1. none 
2. less than 100 trees 
3. 100-500 trees 
4. 500-1000 trees 
5. 1000-5000 trees 
6. 5000-10,000 trees 
7. 10,000 and more trees 

B. Please list the common names of trees you have planted 
[e.g. eucalypts, pines, tagasaste-not species names] in 1987: 
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C. GENERAL LOCATION GENERAL AREA OR NUMBER GENERAL PURPOSE 
[e.g.homestead,sheds, [e.g.100 trees,lOOac, [e.g.shade,post 
paddocks,saltland] lOOha,or lOOkm of rows] beautification 

a·---------------~-------
b. _______ --------- -------
c. _______ --------- -------
d. _______ --------- -------
e. _______ --------- -------

D. Have you PLANTED SHRUBS [e.g. saltbush] in 1987 on yam 
property[s]? yes/no 
If yes, for what purpose[s]? _____________ _ 

E. Fill in spaces if shrubs were planted and established in 1987? 
a. name: , on ___ ha or ___ ac, or __ km of rows 
b. name: , on ___ ha or ___ ac, or __ km of rows 
c. name: , on ___ ha or ___ ac, or __ km of rows 

13A. Did you have a tree planting programme in 1988? yes/no 
If yes, please list common names of the main trees you 
planted [e.g.eucalypts, pines, tagasaste]: _______ _ 

B. About how many trees did you plant: 
1. near homestead: __ [no.of trees] 
2. near shed[s]: __ [no.of trees] 
3. along the drive, laneways: 

__ [no.of trees], or __ km of rows 
4. in paddocks: 
__ [no.of trees], or __ km of rows, or __ ha or __ ac 
5. in saltland: 
__ [no.of trees], or __ km ofrows, or __ ha or __ ac 

6. in other location[s]: 
(a) . 
__ [no.of trees], or __ km ofrows, or __ ha or __ ac 
(b) . 
__ [no.of trees], or __ km of rows, or __ ha or __ ac 

C. About what area of shrubs did you plant in 1988? 
a. nan1e: , on ha or ac, or km of rows 
b. name: , on=== ha or=== ac, or== km of rows 
c. name: , on ___ ha or ___ ac, or __ km of rows 

14A. Have you planted or left trees around yom homestead, sheds, 
drive, or laneways? yes/no 
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B. If yes, for what reasons : 
planted trees 

a. shelter yes/no 
b. shade yes/no 
c. wildlife, conservation yes/no 

left trees 
yes/no 
yes/no 

yes/no 
d. beautification yes/no 
e. fire control yes/no 
f. dust control yes/no 
g. salt control yes/no 
h. other ______ _ 
i. other _______ _ 

yes/no 
yes/no 
yes/no 
yes/no 

yes/no 
yes/no 

yes/no 
yes/no 

ISA. Do you think that fire hazards in your shire are increasing 
with more tree planting in recent years? yes/no/maybe 

B. If you consider trees to be fire hazards, briefly explain 
what types and why? _________________ _ 

C. Other than firebreaks, what management methods do you 
consider reduce fire hazards? ____________ _ 

D. Are you aware of information available on types of trees and 
shrnbs, and their positioning to achieve better fire 
protection? yes/no 

E. Do you know where you can get these trees and shrubs from? 
yes/no 

F. From your experience, have you seen a permanent loss of 
species due to consecutive fires? yes/no/do not know 

G. If yes, what species [e.g. wattles, mallet, mallees, 
banksia]? _____________________ _ 

CROP, STOCK AND SOIL MANAGEMENT ASPECTS 

l 6A. Have you seen trees slowing down winds across paddocks [other 
than exceptional storms like Cyclones]? yes/no 

B. From your experience can well managed windbreaks reduce 
economic losses to crops, stock and soils from strong winds? 
yes/no/do not know 

C. To about what distance on level land do you think well 
managed windbreaks approximately 30' tall [about 1{2 chain 
high] could protect? 
1. under approx. 1 chain [66' or 2 tree heights downwind] 
2. under approx. 5 chain [330'or 11 tree heights downwind] 
3. under approx. 9 chain [594'or 20 tree heights downwind] 
4. under approx. 14 chain [924' or 30 tree heights downwind] 
5. do not know 
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17. Do you see the need to plant: CIRCLE ONE OR MORE 
a. plantations of native species for timber, posts,etc? 
b. plantations of pines for timber, posts, etc.? 
c. plantations of exotic species to W.A. [e.g. blue gums] 

for timber, posts, woodchips, etc.? 
d. windbreaks on your property[s] for stock protection 

[e.g. during lambing, off shears]? 
e. windbreaks on your property[s] for crop and soil 

protection from wind? 
f. shelterbelts for shade, shelter and other benefits? 
g. shmbs or trees on salt-affected land to reduce salt? 
h. shmbs or trees on the higher catchment, recharge sites 

to reduce salting? 
i. saltbush or other salt tolerant shrubs for stock fodder? 
j. tagasaste or other tree crops for stock fcxider? 
k. agroforestry [for simultaneously producing on the same 

unit of land, farm and forest products] e.g.cropping or 
grazing, and growing trees for fodder, posts, timber,etc? 

1. trees or shmbs to increase property's value? 
m. trees or shmbs to increase property's beauty? 
n. ornamental trees or shmbs around homestead, sheds,drive 

or laneways for shade, shelter, etc.? 
o. trees or shmbs for waterlogging control? 
p. trees or shmbs for water erosion control? 
q. trees or shmbs for wildlife corridors? 
r. trees or shrubs for regenerating bushlands? 
s.other _____________________ ~ 
Lother _____________________ ~ 

18A. Have you experienced soil blowing as a result of any 
fanning practices on your property? yes/no 

B. Do you apply minimum tillage or direct drilling or reduced 
tillage practices now? yes/no 

C. If yes, please circle which one[s]. 
a. minimum tillage 
b. direct drilling 
c. reduced tillage 
d. other tillage method: ______________ _ 
e. other tillage method: ______________ _ 

D. Do you apply any other farming practices which can reduce 
soil blowing? yes/no 
Please list these or explain: ____________ _ 

E. What is your general policy with regards to grazing pressure 
and supplemental feeding? CIRCLE ONE ANSWER 
1. graze to the limit and feed lots of grain/hay most years 
2. leave a little pasture & only feed stock in some years 
3. leave a lot of pasture & seldom need to feed stock 
4.other _____________________ _ 
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F. Is your grazing strategy different this year when prices 
are good for animal products [e.g. wool now]? yes/no 
PLEASE CIRCLE ONE OR MORE STRATEGIES: 
a. hold aging breeders/cows/ewes for an extra year instead 

of culling 
b. buy in extra stock 
c. buy more supplemental feed 
d. reduce cropping area 
e. increase fertiliser use 
f. upgrade pastures 
g. allow property to be agisted 
h.other~~~~~~~~~~~~~~~~~~~~~-

INFORMATION SOURCES 

19 A. What level of education have you reached? 
1. primary school 
2. junior high school-year 10 _ 
3. senior high school-year 12 _ 
4. agricultural high school 
S. technical college 
6. agricultural college 
7. university _ 
8. courses on agriculture 

e.g. T AFE, correspondence _ 

B. What magazines, newspapers or other publications do you get 
that provide useful information on growing farm trees? 
PLEASE LIST ANY BOOKS AS WELL: __________ _ 

C. How frequently does the radio or TV have useful infonnation 
on tree growing? CIRCLE ONE ANSWER 
1. daily 
2. weekly 
3. monthly 
4. rarely 

20. Is information readily available on farm tree growing? yes/no 
Please circle ONE or MORE of your main sources: 
a. seminars, workshops, field days 
b. publications [The Countryman, Western Fam1er, etc.] 
c. other fanners and family members 
d. non-farming friends, acquaintances 
e. stock agent[s] 
f. Ag Notes, newsletters from the Department of Agriculture 
g. Leaflets, newsletters from C.A.L.M. 
h. advisers of the Department of Agriculture 
i. advisers of C.A.L.M. 
j. private tree growing companies [eg All Forest Tree 

Services, Kimberley Seeds, W.A. Chip and Pulp] 
k. private companies [e.g. CSBP, chemical suppliers] 
1. agricultural consulting companies [Planfarn1, etc.] 
m. bank manager and advisory service 
(continued over) 
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n. nurseries 
o. personal experience 
p. videos [Wesfarmers, Department of Agriculture] 
q. ALCOA [now Greening Australia] LEAFLET 
r. private rural oriented organisations [e.g. Land 

Management Society, Men of the Trees, Fann Management 
Foundation] 

s. private non-rural oriented organisations [e.g. Rotary, 
Lions] 

t. Soil Conservation District Advisory Committee 
u. sports club[s] 
v. other [specify] _______________ _ 

21. What are the predominant income earning activities on your 
property and about what percentage of your fann's income do 
they provide? 

ACTIVITY % of fann AREA DEVOTED TO ACTIVITY 
mcome 

a. poultry for meat [ ] 
b. poultry for eggs [ ] 
c. grapes [ ] 
d. orchard and other 

fmit,nuts [ ] 
e. potatoes [ ] 
f. vegetables[except] 

potatoes [ ] 
g. cereal grains 

[including oil seeds, 
dry field peas, lupins] [ ] 

h. sheep [meat] [ ] 
i. sheep [wool] [ ] 
j. cattle[beef] [ ] 
k. cattle[dairy] [ ] 
1. pigs [ ] [ 
m. nurseries [ ] 
n. goats[meat,milk] [ ] 

[ 

[ 
[ 

[ 

[ ]ha or [ Jae 
[ ]ha or [ Jae 
]ha or [ Jae 

]ha or [ 
]ha or [ 

]ha or [ 

Jae 
Jae 

Jae 

[ ]ha or [ Jae 
[ ]ha or [ ]ac 
[ ]ha or [ Jae 

[ ]ha or [ Jae 
[ ]ha or [ Jae 
]ha or [ Jae 

]ha or [ Jae 
[ ]ha or [ Jae 

o. goats[mohair,cashmere] [ ] [ ]ha or [ Jae 
p. non-farm investments, 

stocks,flats, etc. [ ] 
q. other[specify] 

[ ] 
[ ] 

]ha or [ 
]ha or [ 

Jae 
Jae 

22A. How do you compare your net income in relation to other 
farmers in your area? CIRCLE ONE IF POSSIBLE 
1. above average 
2. average 
3. below average 

B. Which best describes your current goals? CIRCLE ONE ANSWER 
1. expand property holdings within next 5 years. 

[we have had a history of expansion in the last 10 years] 

2. expand property holdings within next 5 years . 
[we have not had a history of expansion in the last 10 
years] 

(Please tum over for other goals) 
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3. do not intend to expand property holdings within the 
next 5 years. 
[we have had a history of expansion in the last 10 years] 

4. do not intend to expand property holdings within the next 
5 years. 
[we have not had a history of expansion in the last 10 
years] 

5. other goals [please explain] ___________ _ 

*************************************** 

Are there any other friends, members of your management team 
or family who could be interested in filling this survey in? 
yes/no 
[name, address, phone] : _______________ _ 

IF YOU HA VE ANY ADDITIONAL COMMENTS, PLEASE USE THE BOTTOM OF 
THIS PAGE. This will help me learn more about tree growing in 
your area and/or improve this questionnaire. 

DO YOU WANT TO GET A SUMMARY OF THE RESULTS OF THIS SURVEY? 
yes/no 

PLEASE FILL IN PART II [ATTACHED] IF YOU HA VE BEEN GROWING TREES 
OR REGENERATING BUSHLANDS. 
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OPTIONAL 

1. Are carob bean trees growing on your property[s]? yes/no 
2. If yes, about how many? ______________ _ 

3. Do you know of other locations? yes/no. 
4. If yes, please list: _______________ _ 

S. Are you interested in more infom1ation on this fodder tree 
crop? yes/no 

6. Would you consider planting carobs? yes/no 
7. Ifnot,why? ___________________ ~ 

Infonnation from these 7 questions will help me with developing 
the carob industry in W.A. 

OPTIONAL 

1. Have you any plantings of blue gums [Eucalyptus globulus] on 
your property[s]? yes/no 

2. If yes, how much? 
___ [no of trees], or __ ha or ___ ac, or __ km of rows 

Name: 
Address: 

Phone No: 

Infomrntion from this survey will be used to develop a system 
to evaluate land for its suitability for blue gum establishment. 
This tree species will be used to reclaim salt-affected areas. 

FOR FURTHER INFORMATION CONT ACT: 
Gary Inions 
c/o Botany Department 
University of Western Australia 
Nedlands 6009 

Telephone. [09] 380-2219 and 341-7637 a/h 

PLEASE FILL IN PART II [A TT ACHED] IF YOU HA VE BEEN GROWING TREES 
OR REGENERATING BUSl-Il..ANDS. 

IF NOT, AND DO NOT INTEND TO ..... PLEASE STOP HERE. 

THANK YOU FOR YOUR COOPERATION! 
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GREAT SOUTHERN TREE GROWING SURVEY: PART II 

PLEASE READ: 
1. Your name and response to this survey will be kept strictly 

confidential. 
2. Rip off this sticker if you do not want your name to be 

recorded with the results. 
3. Make any corrections to the sticker here: 

PLEASE RETURN QUESTIONNAIRE TO: ___________ _ 
BY: ___________ _ 

************************************************* 
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23A. What originally encouraged your OVERALL interest in growing 
trees, or regenerating bushland? CIRCLE ONE OR MORE 
a. plantations of native species for timber, posts, etc. 
b. plantations of pines for timber, posts, etc. 
c. plantations of exotic species to W.A. [e.g. blue gwns] 

for timber, posts, woodchips, etc. 
d. windbreaks on your property[s] for stock protection 

[e.g. during lambing, off shears] 
e. windbreaks on your property [s] for crop and soil 

protection from wind 
f. shelterbelts for shade, shelter and other benefits 
g. shrubs or trees on salt-affected land to reduce salt 
h. shrnbs or trees on the higher catchment, recharge sites 

to reduce salting 
i. saltbm:h or other salt tolerant shrnbs for stock fodder 
j. tagasaste or other tree crops for stock f cxider 
k. agroforestry [for simultaneously producing on the same 

unit of land, fam1 and forest products] e.g. cropping or 
grazing, and growing trees for shelter, stock fcxider, 
posts, timber, etc. 

1. trees or shrnbs to increase property's value 
m. trees or shrubs to increase property's beauty 
n. ornamental trees or shrubs around homestead,sheds,drive 

or laneways for shade, shelter, etc. 
o. trees or shrubs for waterlogging control 
p. trees or shrubs for water erosion control 
q. trees or shrubs for wildlife corridors 
r. trees or shrnbs for regenerating bushlands 
s.other:~--------------------~ 
t.other:~--------------------~ 

B. Please list from the above circled categories the ones you 
think are most important to your MIE property: 
LIST IN ORDER OF IMPORTANCE 
1._~~~~~~~~~~~-
2.~-------------~ 
3.~-------------~ 

24. Please put the appropriate code in the blank space after each 
question. MORE THAN ONE CODE IS OK FOR EACH ANSWER 
CODE 

1. myself 6. family 
2. employee 7. partner 
3. son/daughter 8. bros/sis/pa 
4. spouse 9. other: _____ _ 
5. manager/owner 10. other: _____ _ 

A. Who makes the major decisions about growing shrubs or trees 
in the paddocks, along fencelines, roads on your MIE 
property? __ 

B. Who makes the major decisions about growing shrubs or trees 
around the homestead, sheds, drive or laneways? __ 

C. Who makes the major decisions about overall fam1 management 
on your MIE property [e.g. planting dates, fertilizers, 
new equipment]? __ 

18 



25 . Please put the appropriate code in the blank space after each 
question. WRITE ONLY ONE CODE FOR EACH QUESTION 

1. very successful 
2. moderately successful 
3. not very successful 

4. no success at all 
5. too early to tell 

6. not applicable 

A. How successful OVERALL have you been in growing trees [e.g. 
growth rates & survival rates] on your MIE property? __ _ 

B. IN RELATION TO OTHER FARMERS IN YOUR AREA how successful 
overall have you been in growing trees [e.g.survival & growth 
rates] on your MlE property? __ _ 

C. How successful have you been ACCORDING TO DOLLARS EARNED OR 
OTHER BENEFITS from trees on your MIE property? __ _ 

FINANCIAL ASPECTS 

26A. If you have grown trees in the past, where did you obtain 
the funds to cover the expenses [e.g.fencing, seedlings]? 
1. savings or operating swpluses 
2. overdraft or 1 oan 
3. running costs [cash flow] 
4. other source [specify] _____________ _ 

B. Would you apply to borrow money for growing trees? yes/no 

C. What do you think the reaction of your bank manager would be 
now if you requested money for growing trees at present rates? 
1. sympathetic and positive 
2. sympathetic but negative 
3.negative 
4. otherwise [explain] ______________ _ 

D. What would be the maximum interest rate you would pay for a 
tree growing loan? % 

E. How familiar are you with taxation aspects of tree growing? 
1. sufficiently 
2. uncertain 
3. not concerned 

27 A. Do you think growing farm trees on general arable land 
[e.g.cropping, grazing country] is economically risky? 
CIRCLE ONE ANSWER yes/no/do not know 

B. If yes, it is economically risky because: CIRCLE ONE ANSWER 
1. slow returns on time and money invested 
2. lack of adequate cost-benefit data to make decisions 
3. investment priorities are different so would not do it 
4. other reasons [please list] ___________ _ 
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28. Do you trunk it is economically worthwhile to plant on your 
MIE property: 

ANSWER EACH QUESTION BELOW WITH ONE OF THE FOLLOWING CODE: 
1. yes 
2. no 
3. do not know 
4 . not applicable 

a. plantations of native species for timber, posts, etc.?_ 
b. plantations of pines for timber, posts, etc.? _ 
c. plantations of exotic species to W.A. [e.g. blue gums] 

for timber, posts, woodchips, etc.?_ 
d. windbreaks on your property[s] for stock protection 

[e.g. during lambing, off shears]? _ 
e. windbreaks on your property[s] for crop and soil 

protection from wind? _ 
f. shelterbelts for shade, shelter and other benefits? _ 
g. shrnbs or trees on salt-affected land to reduce salt?_ 
h. shrnbs or trees on the higher catchment, recharge sites 

to reduce salting? _ 
i. saltbush or other salt tolerant shrubs for stock fodder? 
j . tagasaste or other tree crops for stock fooder? _ 
k. agroforestry [for simultaneously producing on the same 

unit of land, farm and forest products],e.g. cropping or 
grazing, and growing trees for shelter, stock fooder, 
posts, timber, etc.?_ 

I. trees or shrubs to increase property's value?_ 
m. trees or shrubs to increase property's beauty? _ 
n. ornamental trees or shrubs around homestead, sheds, drive 

or laneways for shade, shelter, etc.?_ 
o. trees or shmbs for waterlogging control?_ 
p. trees or shrubs for water erosion control?_ 
q. trees or shrubs for wildlife corridors? _ 
r. trees or shrubs for regenerating bushlands? _ 
s . other~~~~~~~~~~~~~~~~~ 
t.other~~~~~~~~~~~~~~~~~ 

29. Do you think it is economically worthwhile to PLANT SHRUBS 
on your MIE property? yes/no 
IF YES, PLEASE EXPLAIN: _____________ _ 

30A. Do you have any quantitative results or financial estimates 
on the effects of having trees on your MIE property? yes/no 

B. If no, is it because: 
1. cannot calculate it 
2. too early to tell 
3. do not see trees in economic terms 
4.other~~~~~~~~~~~~~~~~~~~~~-

C. Do you have any financial estimates for your other 
properties? yes/no 
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31 A. Which of the following management practices most closely 
approximates your programme for tree growing or regenerating 
bushland on your property[s]: 
CIRCLE ONE OR MORE OF THE FOLLOWING 
a. plantations ofnative species for timber, posts, etc.? 
b. plantations of pines for timber, posts, etc. 
c. plantations of exotic species to W.A. [e.g. blue gums] 

for timber, posts, woodchips, etc.? 
d. windbreaks on your property [s] for stock protection 

[e.g. during lambing, off shears]? 
e. windbreaks on your property [s] for crop and soil 

protection from wind? 
f. shelterbelts for shade, shelter and other benefits? 
g. shrubs or trees on salt-affected land to reduce salt? 
h. shrubs or trees on the higher catchment, recharge sites 

to reduce salting? 
i. saltbush or other salt tolerant shrubs for stock fodder? 
j. tagasaste or other tree crops for stock fodder? 
k. agroforestry [for simultaneously producing on the same 

unit of land, farm and forest products] e.g. cropping, 
or grazing, and growing trees for shelter, stock, fodder, 
posts, timber, etc. 

1. trees or shrubs to increase property's value? 
m. trees or shrubs to increase property's beauty? 
n. ornamental trees or shrubs around homestead,sheds,drive 

or laneways for shade, shelter, etc.? 
o. trees or shrubs for waterlogging control? 
p. trees or shrubs for water erosion control? 
q. trees or shmbs for wildlife corridors? 
r. trees or shrubs for regenerating bushlands? 
s. other _____________________ _ 
t.other _____________________ _ 

B. Do you have any preference for native or exotic [e.g. pines, 
tagasaste, carobs] species on your property [s]? yes/no 
If yes, which ones: _________________ _ 

32. Rate the potential economic advantages to your farming 
enterprise of the following tree growing schemes: 
ANSWER EACH QUESTION BELOW WITH ONE OF THESE CODES 

1. none 
2. low 
3. medium 
4. high 

5. do not know 
6. have not heard of this 

7. not applicable here 

A. C.A.L.M. Softwood Sharefarming Scheme_ 
B. C.A.L.M. Hardwood Sharefarming Scheme_ 
C. W.A. Chip and Pulp Tree Growing Incentive Scheme_ 
D. All Forest Tree Services Warranty Planting Scheme_ 
E. Other Scheme-name: ___________ _ 
F. Other Scheme-name: ____________ _ 
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TECHNICAL AND PRACTICAL ASPECTS 

33A. Who has arranged seminars or field days in your area on tree 
planting and management in the last 5 years? 
a. Department of Agriculture 
b. C.A.L.M. 
c. W.A. Chip and Pulp 
d. Soil Conservation District Advisory Committee 
e. Greening Australia 
f. Private companies 
g. Land Management Society 
h. interested farmer [s] 
i. others [please list] _______________ _ 

B. Have you ever initiated a seminar or field day on this? 
yes/no 

C. Would you consider doing this or helping others so that more 
frequent seminars or field days can happen? yes/no 

D. Do you discuss tree growing or regenerating bushland with 
your neighbours or other farmers? yes/no 

E. If yes, about how many did you talk with in 1987? 
1. 1-5 others 
2. 6-10 others 
3. 11 or more 

34. Please put the appropriate code in the blank space after 
each question. WRITE ONLY ONE CODE FOR EACH QUESTION 

1. very practical 
2. moderately practical 
3. not very practical 

4. no practical at all 
5. not applicable 

6. do not know 

A. How practical is maintaining existing bushland located: 
a. along creeklines, waterways?_ 
b. on ridges, rocky outcrops? _ 
c. on gutless sands? 
d. in paddocks? 

B. How practical is regenerating bushlands on previously 
cleared land: 
a. along creeklines, waterways?_ 
b. on ridges, rocky outcrops? _ 
c. on gutless sands? 
d. in paddocks? 

C. On your property[s] how practical are the following types 
of management: 
a. plantations of native species for timber, posts, etc?_ 
b. plantations of pines for timber, posts, etc.?_ 
c. plantations of exotic species to W.A. [e.g. blue gums] for 

timber, posts, woodchips, etc.? _ 
d. windbreaks on your property[s] for stock protection 

[e.g. during lambing, off shears]? _ 
(continued over) 

22 



e. windbreaks on yom property[s] for crop and soil 
protection from wind? _ 

f. shelterbelts for shade, shelter and other benefits?_ 
g. shrubs or trees on salt-affected land to reduce salt?_ 
h. shrubs or trees on the higher catchment, recharge sites 

to reduce salting? _ 
i. saltbush or other salt tolerant shrubs for stock fodder? 
j. tagasaste or other tree crops for stock fodder?_ 
k. agroforestry [for simultaneously producing on the same 

unit of land, farm and forest products], e.g. cropping, 
or grazing, and growing trees for shelter, stock fodder, 
posts, timber, etc._ 

l. trees or shmbs to increase property's value?_ 
m. trees or shrubs to increase property's beauty?_ 
n. ornamental trees or shrubs around homestead,sheds,dri ve 

or laneways for shade, shelter, etc.?_ 
o. trees or shmbs for waterlogging control? _ 
p. trees or shrubs for water erosion control? _ 
q. trees or shrubs for wildlife corridors? _ 
r. trees or shrubs for regenerating bushlands? _ 
s.other ________________ _ 
t.other ________________ _ 

35A. Approximately what percentage of the bush on your MIE property 
is fenced off from stock? __ % 

B. Are financial incentives needed to fence off bushlands and 
watercourses from stock? yes/no 
Please make any comments: ______________ _ 

C. Are financial incentives needed to fence off single trees, 
clumps or rows of trees in your paddocks from stock? yes/no 
Please make any comments: ______________ _ 

PLANT ESTABLISHMENT ASPECTS 

36. Please put the appropriate code in the blank space after 
each question. WRITE ONLY ONE CODE FOR EACH QUESTION 

1. serious problem 
2. medium problem 
3. minor problem 

4. no a problem 
5. not applicable 

6. do not know 

What has been your OVERALL experience with the following 
common problems for tree growing within the last 5 years: 
a. lack of water [drought] killing shrubs or trees __ 
b. lack of suitable species adapted to area __ 
c. weeds killing shrubs or trees __ 
d. stock killing shrnbs or trees [cattle, sheep, horses, 

goats, etc.] __ 
e. fire killing shrnbs or trees __ 
f. fire damaging shrnbs or trees __ 
(continued over) 
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g. diseases [e.g. dieback] killing shmbs or trees __ 
h. insects killing shmbs or trees _ _ 
i. birds killing shmbs or trees __ 
j . rabbits killing shmbs or trees __ 
k. kangaroos killing shrubs or trees __ 
1. chermcals [e.g. herbicides] damaging/killing shmbs or 

trees 
m. unknown causes damaging or killing shmbs or trees __ 
n. other problems [specify] ____________ _ 

37 A. Have you had any problems THIS YEAR with growing trees? 
yes/no 

B. If yes, please describe the MAJOR PROBLEM and what measures 
you are currently using to resolve this: _______ _ 

C. Have you had this same problem before? yes/no 

D. Which factors have held you back from solving this problem? 
CIRCLE ONE OR MORE RESPONSES 
a. not applicable here [no problems] 
b. time management 
c. other priorities 
d. finance 
e. lack of technical solution 
f. outside of my control [e.g. weather] 
g. other [specify] _______________ _ 

E. Are your main tree losses happening during a particular 
season? 
a. just after planting [e.g. winter months] 
b. early summer 
c. summer 
d. autumn 
e. winter 
f. spring 
g. after about 12 months 
h. other times [specify] _____________ _ 

38A. Do you know of anyone in your district [or elsewhere] who is 
successfully growing shmbs or trees on a scale that MAY BE 
having some impact on: 

WITH SHRUBS WITH TREES 
a. reducing land degradation? yes/no yes/no 
b. increasing their income? yes/no yes/no 
c. gaining benefits [shade,shelter,etc] yes/no yes/no 
d. revegetating bushlands yes/no yes/no 
e. providing drought fodder for stock yes/no yes/no 
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B. OPTIONAL 
Please list their names [nearest town or telephone number 
if possible] __________________ _ 

39A. How willing are you to look after your farm trees? 
CIRCLE ONE ANSWER: 
1. very willing 
2. when time allows 
3. when more finance is available [e.g. to pay labour or 

contractors] 
4. prepared to leave trees to their own resources after 

planting 
S. other comments ________________ _ 

B. How much time do you estimate is spent on tree growing or 
regenerating bushlands [e.g.fencing] on your: 
1. MIE property each year? ____________ _ 
2. other property[s] each year? __________ _ 

C. Is there any technical help you could use? yes/no 

D. If yes, please describe: ______________ _ 

IF YOU HA VE ANY FURTHER COMMENTS ON PARTS OF THIS SURVEY, PLEASE 
USE THE BOTTOM OF THIS PAGE. 

DO YOU WANT TO GET A SUMMARY OF THE RESULTS OF THIS SURVEY? 
yes/no 

Are there any other friends, members of your management team or 
family who could be interested in filling this survey in? yes/no 
[name, address, phone]: ________________ _ 

IT IS VERY IMPORT ANT I RECEIVE THIS INFORMATION PROMPTLY. PLEASE 
RETURN THIS AS SOON AS POSSIBLE. 

THANK YOU VERY MUCH FOR YOUR COOPERATION! 
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APPENDIX 3 : FAMILY STRUCTURE, INDEBTEDNESS AND DECISION
MAKING SURVEY QUESTIONNAIRE 

Q51 

Telephone call statements, pre-survey: 

Hello, my name is HWE, and you filled in my 1989 tree growing survey. I remember 
meeting you, or I didn't get to your farm. 
Can the person who answered my survey please come to the telephone? 
I would like to ask some questions which need to be answered to allow me to complete 
my analysis & understand family farm businesses. 
The following questions relate to the calendar year, 1989: 

a. How many people including yourself did this farm directly support? 
b. Were you manied in 1989? y/n 
c. Do you have children? y/n 
d. How many were pre-schoolers in 1989? 
e. How many were living at home and away at school? 
f. How many were children away at boarding school or university? 
g. How many finished school by 1989 and are working here now? 
h. How many left the farm? 

Q52 

a. Do you have any non-farm experience in another job? y/n 
b. Does your spouse have any non-farm experience? y/n 
c. If yes, what type? 
1. myself: rural non-farm, or urban, or mixed urban and rural non-fa1m 
2. spouse: rural non-farm, or urban, or mixed urban and rural non-fa1m 
d. In 1989 were you involved in outside paid non-farm activities? 
e. Was your spouse involved in outside paid non-farm activities? 
f. In 1989 were you involved in outside voluntary non-farm activities? 
g. Was your spouse involved in outside voluntary non-farm activities? 

Q53 

a. Does this farm operate on an extended family basis, eg 2 or more families operating 
the farm business, with the son or daughter now taking over the business? y/n 

b. Did you use contract labour on this farm in 1989? y/n 
c. Did you use other non-family labour, like a workman, on this farm in 1989? y/n 

Q54 

a. Does anyone have a veto over decisions made on your farm [e.g. does someone say 
yes" you will go ahead, or "no" you will not?] y/n 

b. if yes, by whom [e.g. banker, older relative, other family member]? 

Q55 

a. What was the level of equity in 1989 that you had in this farm business? 
b. Of your total outlay in 1989, what percentage was interest? 
c. Of your gross expenditure on loans in 1989, what% was interest for land purchase? 
d. Of your gross expenditure in 1989, what percentage was interest on other 

investments [equipment, land development, or farm buildings]? 
e. Of your gross expenditure, what percentage was interest for production inputs in 

1989? 

Do you want a copy of the results? y /n 
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APPENDIX 4 : PROCEDURES USED FOR ANOV A, PCA AND NEAREST 
NEIGHBOUR ANALYSIS 

Prior to subjecting the data to ANOV A, PCA and Nearest Neighbour Analysis several 

procedures were followed: (a) seven dependent variables were selected (see Chapter 3.2 : 

'The Measures of Fa1mer Involvement in Agroforestry'), (b) three reasonably distinct groups 

of farmers with different kinds of agroforestry involvement were defined (see Chapter 3.3 : 

'The Categories of Farmer Involvement in Agroforestry', and (c) eight distinct subsets of 

independent variables were selected from the survey questionnaires which characterise the 

involvement of faimers and farm families in agroforestry (see Figure 3.1). 

ANOVA (Analysis of Variance) 

In the ANOVA procedure, the Wilcoxon Rank Sum Test was selected to identify inter-group 

differences with the three cluster groups of faimers as no assumptions of normality could be 

made. The original random sample survey of 655 farmers had forty multi-part questions, with 

an additional twenty-five questions resulting from a follow-up telephone survey of 112 

farmers to collect data on family structure, indebtedness and decision-making (Appendices 2 

& 3). To describe the range of factors influencing farmer involvement with agroforestry in the 

study area, 1340 presence/absence variables were constructed from the survey questionnaires. 

There were as many comparisons made for each survey variable as possible to achieve the 

greatest amount of multiple comparison. These variables were used in simple one-way 

analysis of variance, along with 't' tests, to dete1mine which differed significantly among the 

three categories of farmer involvement in agroforestry, defined in the preceding chapter 

through cluster analysis. Traditional techniques using Chi Squares, 't' tests and frequency 

tables could have been applied to a limited extent for characterising the survey data. These 

methods are no longer considered to be the most appropriate measures for identifying 

significant associations between subgroups of dependent va1iables (Sokal and Rohlf, 1981). 

However, frequency tables are used in this study to generate information on the number of 

farmers associated with particular responses to the survey questionnaires. This was especially 

useful for describing va1iables not statistically associated with the three cluster groups of 

farmers using ANOV A. Likewise, to interpret the associations between the mean values 

representing the three clusters of farmers in ANOV A, 't' tests are used as tests of significance 

to identify if the hypothesis of no difference could be rejected. 

PCA (Principal Components Analysis) 

In the PCA procedure, the conceptually similar va1iables were removed in each of these sets 

to reduce any duplication and eliminate the idiosyncrasies of the data set. Also, if less than 

five per cent of the survey population was represented by any of these variables they were 

deleted to assure that only those sets with representative numbers of respondents were used 

for analysis. Where appropriate, logarithmic transformations have been used to normalise the 

va1iables incorporated into the analyses . In the third step the remaining variables (p < 0.10 

except for the family structure variables) were compressed by principal component analysis 
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(PCA) to produce suites of new variables (components or factors) which are independent of 

each other. These define agroforestry involvement in relation to their relative loading, or 

weighting, in the data set. 

To interpret these new composite variables, va1iable loadings less than 0.25 were deleted 

from the descriptions of general results because of their low significance levels. In addition, 

following generally accepted procedures associated with use of PCA by geographers, 

eigenvalues less than 1.0 were omitted (Taylor, 1977; Johnston, 1978). Hence, the composites 

produced by orthogonal rotation account for the variance explained by the original variables, 

except when the variance explained by the composite is less than that explained by the latter. 

For the purposes of this study, with the exception of the family structure variables, all of the 

non-parametric analyses of variance which were significant at the ninety per cent confidence 

level were selected for inclusion in the PCA. While many studies use the ninety-five per cent 

level, the present analysis will fulfil its objectives best by not restricting the confidence level 

to the normal extent. This decision is based upon the premise that this study about farmer 

involvement in agroforestry is an exploratory one to describe the factors and processes 

involved. Comparable studies had not been completed prior to this one in the study area, or 

similar mediterranean climatic regions of this or other industrialised countries. Hence it was 

not the objective of this study to test the hypotheses of other workers, but rather to describe 

the fullest range of possible factors influencing the perspectives of farmers about involvement 

in agroforestry. 

Nearest Neighbour Analysis 

Nearest neighbour analysis was applied to investigate possible spatial factors influencing 

agroforestry involvement. These can be identified using the factor scores produced from 

PCA, and the residual values from regression (see Taylor, 1977). To accomplish this, a series 

of different grid sizes was tested to identify if spatial cluste1ing occurred in relation to the 

respondents' g1id mean scores produced from PCA. Hence a factor score can be generated for 

each farmer from which the mean can be calculated for each grid square. These are used in 

nearest neighbour analysis to see if any spatial groupings occur. 

Twenty kilometre square giids were chosen after testing several sizes, because they gave the 

best separation of the data. With sizes greater than that area there were fewer grids for the 

significance tests, and with smaller grid sizes there were too many empty grids for the chi 

square test to be useful. In some grids there are small numbers ofrespondents so that 

differentiation of the four levels for the mean factor scores or residual values in such cases is 

tenuous. Those grid squares with the darkest shadings indicate high mean factor scores or 

residual values, while those with progressively lighter shadings depict lower mean scores or 

values. 
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To identify the significance of any spatial patterns revealed by the nearest neighbour 'R value' 

(p < 0.10), the four grid mean factor score and residual value ranks were tested against the 

null hypothesis of no difference from a random distiibution of g1id squares in relation to each 

individual factor produced by PCA or each regression model in this study. The location of the 

spatial patterns of grid mean factor scores and residual values within the study area have only 

been reported other than in terms of their tendency towards dispersed, random, or clustered 

patterns when the patterns were geographically clear. 
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APPENDIX 5 : SAMPLE FREQUENCY OUTPUT FOR GREAT SOUTHERN TREE 
GROWING SURVEY QUESTIONNAIRE 

How many years has your MIE PROPERTY [major income earning property] been in your 
family? __ years (Question 2A)? 

Cumulative Cumulative 
Frequency Percent Frequency Percent 

No Response 14 2.1 14 2.1 
0-10 yrs 114 17.4 128 19.5 

11-20 yrs 121 18.5 249 38.0 
21-30 yrs 171 26 .1 420 64.1 
31-40 yrs 76 11. 6 496 75.7 
over 40 yrs 159 24.3 655 100.0 

By what year was the bulk[> than half] of your MIE property cleared? __ year (Q2B)? 

Cumulative Cumulative 
Frequency Percent Frequency Percent 

No Response 61 9.3 61 9.3 
Pre 1940 73 11.1 134 20.5 
1941-1960 145 22.1 279 42.6 
1961-1970 170 26. 0 449 68.5 
1971-1975 79 12.1 528 80.6 
1976 on 127 19.4 655 100.0 

Land that could be cleared as percentage of total size of M IE property 
(Question 2C/Question 4B) 

Cumulative Cumulative 
Frequency Percent Frequency Percent 

---------------------------------------------------------
No Response 68 10.4 68 10.4 

0 % 298 45.5 366 55.9 
0- 5 % 113 17.3 479 73.1 
6-10 % 69 10.5 548 83.7 

11-15 % 18 2.7 566 86.4 
16-20 % 35 5.3 601 91. 8 
21-25 % 17 2.6 618 94.4 
26-30 % 10 1. 5 628 95.9 
> 30 % 27 4.1 655 100.0 

Average annual rainfall for the last 5 Years on your MIE property? PLEASE CIRCLE 
APPROPRIATE ANSWER (Question 3A) 

1. under 250mm [10"] 2. approx. 250-350mm [10-15"] 
3. approx. 350-500mm [15-20"] 4. approx. 500-750mm [20-30"] 
5. above 750mm [30"] 

Frequency 

No response 
under 350mm 

350-500mm 
above 500mm 

12 
262 
239 
142 

Cumulative Cumulative 
Percent Frequency Percent 

1. 8 
40.0 
36.5 
21. 7 

30 

12 
274 
513 
655 

1. 8 
41. 8 
78 . 3 

100.0 



APPENDIX 6: SAMPLE FREQUENCY TABLE OUTPUT FOR FAMILY 
STRUCTURE, INDEBTEDNESS AND DECISION-MAKING 
SURVEY QUESTIONNAIRE 

How many people including yourself did this farm directly support? 

Frequency 

No response 0 
1 Or 2 People 12 
3 Or 4 People 41 
5-7 People 46 
More Than 8 People 13 

Were you married in 1989? yin 

No Response 
No 
Yes 

Frequency 

0 
3 

109 

Do you have children? yin 

No Response 
No 
Yes 

Frequency 

0 
9 

103 

Cumulative Cumulative 
Percent Frequency Percent 

0 
11. 0 
37.0 
41. 0 
12.0 

0 
12 
53 
99 

112 

0 
11. 0 
48.0 
98.0 

100.0 

Cumulative Cumulative 
Percent Frequency Percent 

0 
3.0 

97.0 

0 
3 

112 

0 
3.0 

100.0 

Cumulative Cumulative 
Percent Frequency Percent 

0 
8.0 

92.0 

0 
9 

112 

0 
8.0 

100.0 

How many were pre-schoolers in 1989? 

No Response 
None 
More Than One 

Frequency 

0 
85 
27 

Cumulative Cumulative 
Percent Frequency Percent 

0 
76.0 
24 .0 

0 
85 

112 

0 
76.0 

100.0 

How many were living at home and away at school? 

Cumulative Cumulative 
Frequency Percent Frequency Percent 

No response 543 0 0 0 
None 18 16.0 18 16.0 
One 13 12.0 31 28 .0 
Two 44 39.0 75 67.0 
Three 17 15.0 92 82.0 
4 or more 20 18.0 112 100 .0 

How many were children away at boarding school or university? 

No Response 
None 
More Than One 

Frequency 

543 
77 
35 

Cumulative Cumulative 
Percent Frequency Percent 

0 
69 .0 
31. 0 

31 

0 
77 

112 

0 
69 . 0 

100.0 



How many finished school by 1989 and are working here now? 

Frequency 

No Response 543 
None 76 
More Than One 36 

How many left the farm? 

No Response 
None 
More Than One 

Frequency 

543 
77 
35 

Cumulative Cumulative 
Percent Frequency Percent 

0 
68.0 
32.0 

Percent 

0 
69.0 
31. 0 

0 
76 

112 

Cumulative 
Frequency 

32 

0 
77 

112 

0 
68.0 

100.0 

Cumulative 
Percent 

0 
69.0 

100.0 



APPENDIX 7: ANOVA OUTPUTS FOR GREAT SOUTHERN TREE GROWING SURVEY QUESTIONNAIRE" 
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Cluster Cluster Cluster 
One Two Three F Prob 

VARIABLE No. Mean Mean Mean Value > F Description 

What sex are you? 
SEXl 447 0.86 0.89 0.93 1. 80 0.166 male/ female 
How old are you? 
QlA_l 654 0.08 0.09 0.09 0.20 0.814 <30 yrs. 
Q1A_2 654 0.64 0.68 0. 64 0.39 0.675 30-40 yrs 
Q1A_3 654 0.26 0.22 0.25 0.64 0.526 50-60 yrs 
Q1A_4 654 0.43 0.43 0.45 0.06 0.938 <40 yrs 
Q1A_5 654 0. 29 0.33 0.29 0.56 0.568 40-50 yrs 
How many years farming? 
QlBlA 651 0.07 0.09 0.12 1.15 0.315 <10 yrs 
QlBlB 651 0.36 0.40 0.39 0.28 0.755 <20 yrs 
QlBlC 651 0.74 0.78 0. 71 1. 4 6 0.231 <30 yrs 
QlBlE 651 0.29 0.30 0.27 0.31 0.733 11-20 yrs 
QlBlF 651 0.37 0.38 0.31 1.13 0.321 21-30 yrs 
QlBlG 651 0.14 0.15 0.16 0.26 0.770 31-40 yrs 

QlBlH 651 0 .11 0.06 0.12 2.83 0.059 >40 yrs 

Farmed in other shires outside WA? 
QlBAl 232 0.24 0.27 0.35 1. 03 0.356 no response, or study area 
QlBA2 232 0.24 0.27 0.35 1. 03 0.356 study area 
QlBA3 232 0.38 0.28 0.33 0.87 0.416 non study area 
QlBA4 232 0.39 0.42 0.25 2.92 0.055 outside W.A. 
QlBA5 232 0.15 0.25 0.17 1. 4 7 0.231 South Australia 
QlBA6 232 0.17 0.08 0.01 5. 71 0.003 Victoria 
Q1BA7 232 0.01 0.02 0.00 0.73 0.481 Tasmania 
Q1BA8 232 0.04 0.06 0.05 0.24 0.786 NSW 
Q1BA9 232 0.01 0.00 0.00 1. 09 0.338 Qld. 
QlBAlO 232 0.05 0.05 0.07 0.14 0.864 N.T. 
What legal status? 
QlC_lA 648 0.82 0.80 0.80 0.23 0. 791 partnership 
QlC_lB 648 0.02 0.02 0.07 4.53 0 . 011 trust 
QlC_lC 648 0.0 1 0.0 2 0 . 02 0 .2 0 0.81 2 manage r 
QlC_lD 648 0 . 02 0.00 0 . 01 2 . 37 0 . 093 p a rt-time 
QlC_lE 648 0 . 10 0 . 11 0.08 0. 46 0 . 626 other 



Cluster Cluster Cluster 
One Two Three F Prob 

VARIABLE No. Mean Mean Mean Value > F Description 

How many years property in f arnily? 
Q2A_l 641 0.15 0.21 0.15 1. 82 0.162 <10 yrs. 
Q2A_2 641 0.22 0.20 0.12 3.31 0.036 11-20 yrs. 
Q2A_3 641 0.24 0.28 0.27 0.54 0.578 21-30 yrs. 
Q2A_4 641 0.14 0.08 0.12 1. 77 0.170 31-40 yrs. 
Q2A_5 641 0.28 0.22 0.33 3.09 0.045 >40 yrs. 
Q2A_6 641 0.37 0.42 0.28 4.26 0.014 <20 yrs. 
Q2A_7 641 0.61 0.70 0.56 4.85 0.008 <30 yrs. 
Q2A_8 641 0.76 0.79 0.68 3.46 0.031 <40 yrs. 
Year bulk of property cleared? 
Q2B 1 594 0.10 0.09 0.18 4.14 0.016 pre 1940 

-
Q2B_2 594 0.28 0.17 0.27 3.74 0.024 1941- 1960 
Q2B_3 594 0.31 0.25 0.28 0.83 0.436 1961- 1970 
Q2B_4 594 0.16 0.19 0.09 3.52 0.030 1971- present 
Land remaining to be cleared? 
[Percentage of farm size] 
Q2CTA 588 0.60 0.44 0.47 5.99 0.003 0 % 

Q2CTB 2 90 0.33 0.17 0.27 3.41 0.034 0- 5 % [does not include 0] 
Q2CTC 290 0.24 0.22 0.29 0.67 0.513 5- 10 %-

Q2CTD 290 0.21 0.28 0.25 0.76 0.470 10- 20 %-

Q2CTE 290 0.21 0.31 0.18 2.40 0.092 20- 30 % 

Q2CTF 290 0.04 0.06 0.03 0.55 0.579 >30 % 
Q2CTH 588 0.73 0.54 0.61 8.71 0.000 < 5 % [includes 0] 
Q2CTI 588 0.83 0.66 0.77 8.10 0.000 < 10 % 
Average rainfall last five years? 
Q3A_l 643 0.32 0.44 0.45 5.09 0.006 <350mm. 
Q3A_2 643 0.41 0.36 0.32 1. 52 0.217 350-500mm. 
Q3A_3 643 0.25 0.17 0.21 1. 84 0.158 500-750mm. 
Q3A_4 643 0.01 0.00 0.00 1.17 0.308 >750mm. 
Q3A_5 643 0.67 0.55 0.54 5.09 0.006 >350mm. 
Farm size 
Q4B_B 643 0.48 0.20 0.35 20.78 0.0001 <lOOOha 
Q4B_C 643 0.51 0.79 0.64 20.78 0.0001 >lOOOha 
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Cluster Cluster Cluster 
One Two Three F Prob 

VARIABLE No. Mean Mean Mean Value > F Description 

Property location? 
Q5 lA 64 9 0.17 0.28 0.16 5.54 0.004 light to medium soils -
Q5 1B 64 9 0.14 0.14 0 .11 0.68 0.502 light 

-
Q5 lC 64 9 0.03 0.02 0.02 0.19 0.827 heavy -
Q5 1D 64 9 0. 62 0.52 0.68 6.36 0.001 mixed -
Q5 lE 64 9 0.00 0.00 0.00 1. 82 0.161 other -
Q5 lF 64 9 0.01 0.02 0.00 2.59 0.075 medium to heavy 

-
Q5 lG 64 9 0.31 0.43 0 .28 5.90 0.002 light, or light to medium -
Q5 1H 649 0.04 0.04 0.03 - 0.41 0.658 heavy, or medium to heavy 
Q5 lI 64 9 0. 67 0.57 0. 71 4.98 0.007 heavy, or mixed, or medium to heavy 
Do you have property at other locations? 
Q6 lA 590 0.21 0.20 0.25 0.80 0.449 -
Locations you planted shrubs, trees? 
Q7A_1A 628 0.79 0.85 0.87 2.50 0.082 MIE 

Q7A_lB 628 0.18 0.12 0.09 3.84 0.021 none 
Q7A_lC 628 0.01 0.02 0.03 0.44 0.638 previous, or other people's 
Locations planted by previous owners? 
Q7B lA 548 0.20 0.21 0.23 0.22 0.801 MIE 

-
Q7B lB 548 0.75 0.77 0.73 0.33 0.719 none -
Q7B lC 548 0.03 0.00 0.02 2 .13 0 .119 other -
Reasons trees planted by previous owners? 
Q7C_A 129 0.52 0.51 0.61 0 . 53 0.585 windbreaks 
Q7C_B 12 9 0.59 0.60 0.47 0.88 0.417 aesthetics 
Q7C_C 129 0.04 0.00 0 .11 2.81 0.063 land rehab-salt 
Q7C_E 129 0.04 0.09 0.02 1. 06 0.347 other 
Q7C_F 12 9 0.57 0.51 0.63 0.68 0.506 see above: a, c, d 
Have you ever budgeted for bush mgmt, tree growing? 
Q7Dl 638 0.37 0.48 0.59 9.98 0.000 
Heard of agrof orestry? 
Q7E lA 638 0.82 0.84 0.87 1. 35 0.259 



Cluster Cluster Cluster 
One Two Three F Prob 

VARIABLE No. Mean Mean Mean Value > F Description 

Please describe this term 
Q7E2A 466 0.83 0.80 0.86 1. 08 0.337 close or correct definition 
Q7E2B 466 0.01 0.00 0.01 0.23 0.787 not relevant 
Q7E2C 466 0.15 0.19 0.12 1. 44 0.235 incorrect definition 
Species planted by previous owners? 
Q8AA 119 0.00 0.02 0.00 0.98 0.375 dryland fodder spp. 
Q8AB 119 0.34 0.42 0.41 0.32 0. 723 tree crops 
Q8AC 119 0.65 0.55 0.58 0.47 0. 620 farm trees 
Q8AG 119 0.34 0.45 0.41 0.47 0.620 dryland fodder/ tree crops [composite] 
Any land degradation problems? 
Q9Al 638 0.69 0.68 0.77 2.23 0.108 
Worst problem [first ranked]? 
Q9BlA 465 0.29 0.37 0.27 2.14 0 .118 wind and sandblow 
Q9B1B 4 65 0. 46 0.42 0.48 0.59 0.553 salinity and waterlogging 
Q9B1C 465 0.14 0 .11 0.14 0.53 0.587 water erosion 
Q9BlD 465 0.10 0.09 0.09 0.09 0.906 other 
Worst problem [second ranked]? 
Q9B2A 308 0.24 0.31 0.32 0.91 0.400 wind and sandblow 
Q9B2B 308 0.34 0.22 0.23 2.54 0.080 salinity and waterlogging 
Q9B2C 308 0.24 0.33 0.22 1. 81 0.165 water erosion 
Q9B2D 308 0.16 0.12 0.22 1. 68 0.187 other 
Worst problem [third ranked]? 
Q9B3A 124 0.41 0.26 0.16 3.27 0.041 wind and sandblow 
Q9B3B 124 0.16 0.26 0.25 0.63 0.530 salinity and waterl°ogging 
Q9B3C 124 0.19 0.26 0.18 0.49 0.612 water erosion 
Q9B3D 124 0.22 0.20 0.39 2.49 0.087 other 
Worst problem [combined responses] 
Q9BA 465 0.53 0.66 0.54 3.18 0.042 wind and sandblow 
Q9BB 465 0.66 0.61 0.66 0.60 0.544 salinity and waterlogging 
Q9BC 4 65 0.33 0.40 0.35 0.88 0.412 water erosion 
Q9BD 4 65 0.22 0.20 0.28 1. 4 7 0.230 other 
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Cluster Cluster Cluster 
One Two Three F Prob 

VARIABLE No. Mean Mean Mean Value > F Description 

Worst problem- property's value? 
Q9CA 422 0.23 0.33 0.21 2.70 0.068 wind and sandblow 
Q9CB 422 0.58 0.52 0.54 0.67 0.508 salinity and waterlogging 
Q9CC 422 0.09 0.06 0 .13 1. 92 0 .146 water erosion 
Q9CD 422 0.07 0.07 0.09 0.19 0.826 other 
Worst problem- property's production? 
Q9DA 415 0.30 0.42 0.27 4.04 0.018 wind and sandblow 
Q9DB 415 0.49 0.40 0.46 1.11 0.327 salinity and waterlogging 
Q9DC 415 0.05 0.09 0.13 2.88 0.056 water erosion 
Q9DD 415 0.15 0.07 0.12 1. 86 0.156 other 
Made a conscious effort? 
QlOAl 618 0.70 0.79 0.84 5.33 0.005 grow farm trees 
Q10A2 520 0.17 0.25 0.30 4.08 0.017 grow forage shrubs 
Q10A3 4 93 0.56 0.21 0.42 24.36 0.000 graze your bush 
Q10A4 538 0.33 0.47 0.63 14.45 0.000 regenerate bush 
Ql0A5 564 0.58 0.60 0.73 4.84 0.008 reduce salting by af 
Q10A6 550 0.25 0.29 0.30 0.51 0.598 grow your own trees 
Q10A7 641 0.03 0.07 0.07 1. 38 0.250 see above: 1, 2, 4, 5, 6 
How much experience with growing farm trees? 
QlOB 12 643 0.06 0.06 0.08 0.30 0.736 very 

-
QlOB 13 643 0.49 0.57 0.57 1. 80 0.164 a little 

-
QlOB 14 643 0.21 0.17 0.22 1. 03 0.356 no experience, just started 

-
QlOB 15 643 0.21 0.18 0.12 3.28 0.038 no experience at all -
QlOB 16 643 0.00 0.00 0.00 0.91 0.403 other 
QlOB 17 643 0.56 0. 64 0.65 2.38 0.093 very, or a little 



Cluster Cluster Cluster 
One Two Three F Prob 

VARIABLE No . Mean Mean Mean Value > F Description 

Major problem experienced with growing farm trees? 
QlOC_A 498 0.56 0.49 0.54 1. 02 0.360 insects, pests, weeds, diseases 
QlOC_B 498 0.06 0.08 0.10 1.16 0.312 finance, or time 
QlOC_C 498 0.19 0.16 0.21 0.77 0. 4 60 stock, or fencing 
QlOC_D 498 0.34 0.34 0.35 0.02 0.977 drought 
QlOC_F 498 0.04 0 .11 0.03 5.19 0.005 no major problem 
QlOC_G 498 0.02 0.03 0.02 0.22 0. 7 97 equipment 
QlOC_H 498 0.06 0.06 0.04 0.54 0.578 water, salt, wind, sand 
QlOC_I 498 0.04 0.04 0 . 05 0.21 0.806 nursery related/ direct seeding inf 
QlOC_J 498 0.01 0.03 0.01 0.42 0.652 frost, soils 
QlOCGI 498 0.06 0.07 0.07 0.05 0.946 information, equip. 
QlOCHJ 498 0.07 0.09 0.06 0.81 0.442 non drought (salt,wind,soils) 
QlOCHJD 4 98 0.40 0.42 0.40 0.10 0.901 environmental (drought,non drought) 
What do you need to assist in planting, managing trees? 
QlOD lAl 419 0.03 0.04 0.03 0.05 0. 94 6 no need -
QlOD lBl 419 0.28 0.31 0.24 0.89 0.410 more knowledge 
QlOD lCl 419 0.62 0.68 0.66 0.51 0.595 finance 

-
QlOD lDl 419 0.28 0.27 0. 26 0.07 0. 927 more time 

-
QlOD lEl 419 0 . 46 0.39 0.46 0.84 0.432 other 

-
QlOD lGl 419 0.74 0.77 0.73 0.28 0.753 more knowledge, finance 
Types of trees planted prior to 1987? 
QllC lAl 538 0.18 0.26 - 0.22 1. 74 0.175 dryland fodder spp. 
QllC lBl 538 0.24 - 0.41 0.33 6.69 0.001 tree crops 
QllC lCl 538 0. 96 0.93 0. 96 1.22 0 .296 farm trees -
QllC lDl 538 0.06 0.05 0.10 2.06 0.127 saltland spp. 
QllC_lFl 538 0.00 0.00 0.00 0.52 0.591 f loriculture/ flowering species 
QllC_lGl 538 0.39 0.55 0.52 5.03 0.006 dryland fodder/ saltland spp./ tree crops 
[composite] 
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Cluster Cluster Cluster 
One Two Three F Prob 

VARIABLE No. Mean Mean Mean Value > F Description 

Main reason for trees prior to 1987? 
QllD_A 527 0.70 0.77 0.76 1. 32 0.267 windbreaks 
QllD_B 527 0.35 0.36 0.34 0.06 0.940 aesthetics 
QllD_C 527 0.30 0.22 0.40 6. 26 0.002 land rehab.-salt 
QllD_D 527 0.06 0.07 0.08 0.44 0.641 land rehab.-non salt 
QllD_E 527 0.04 0.04 0.05 0.16 0.851 £odder 
QllD_F 527 0.13 0.12 0.10 0.31 0.730 other 
QllD_G 527 0.87 0.87 0.91 1. 21 0.298 see above: a, c, d, e 
Main reason for shrubs prior to 1987? 
QllF_A 79 0.16 0.16 0.23 0.29 0.749 windbreaks 
QllF_B 79 0.12 0.20 0.13 0.42 0.656 aesthetics 
QllF_C 79 0.64 0.33 0. 4 6 2.37 0.099 land rehab.-salt 
QllF_D 79 0.04 0.08 0.03 0.37 0.686 land rehab.-non salt 
QllF_E 79 0.16 0.29 0.20 0.64 0.526 fodder 
QllF _F 79 0.08 0.12 0.16 0.45 0.638 other 
QllF G 79 0.88 0.83 0.86 0 .11 0. 892 see above: a, c, d, e 
Shrub types planted prior to 1987? 
QllGA 51 0.07 0.26 0.17 0.84 0.437 dry land fodder spp. 
QllGB 51 0.92 0.40 0.60 4.60 0.014 saltland spp. 
QllGC 51 0.07 0.20 0.17 0.42 0.655 floriculture 
QllGF 51 0.15 0.60 0.39 3.08 0.054 dryland fodder/ f loric spp. [composite] 
Tree types planted in 1987? 
Q12B lAl 405 0.12 0.15 0.19 1. 20 0.301 dry land fodder spp. -
Q12B lBl 405 0.22 0.20 0.17 0.47 0.623 tree crops -
Q12B lCl 405 0.89 0.91 0.93 0.79 0.451 farm trees 
Q12B lDl 405 0.03 0.01 0.04 1. 21 0. 297 saltland spp. -
Q12B lFl 405 0.00 0.01 0.00 0.98 0.375 f loriculture/ flowering species -
Q12B lGl 405 0.34 0.33 0.32 0.04 0.953 dryland fodder/ salt land/ f loric spp.' tree crops 
[composite] 



Cluster Cluster Cluster 
One Two Three F Prob 

VARIABLE No. Mean Mean Mean Value > F Description 

Main reasons for trees in 1987? 
Ql2C_A 329 0. 72 0.75 0.64 1. 65 0.192 windbreaks 
Ql2C_B 329 0.50 0.46 0.47 0.24 0.784 aesthetics 
Q12C_C 329 0.18 0.16 0.24 1.15 0.316 land rehab.-salt 
Ql2C_D 329 0.03 0.03 0.04 0.03 0. 967 land rehab.-non salt 
Ql2C_E 329 0.03 0.04 0.06 0.44 0.644 fodder 
Ql2C_F 329 0.08 0.08 0.08 0.02 0. 97 6 other 
Ql2C_G 329 0.81 0.83 0.83 0.12 0.884 see above: a, c, d, e 
Planted shrubs in 1987 on your property? 
Ql2DA 422 0.10 0.13 0.18 1. 73 0.177 
Main reasons for shrubs in 1987? 
Ql2D_A 46 0.18 0.20 0.15 0.07 0. 929 windbreaks 
Ql2D_B 46 0.27 0.26 0.25 0.01 0.989 aesthetics 
Ql2D_ C 46 0.45 0.33 0.40 0.19 0.827 land rehab.-salt 
Ql2D_D 46 0.09 0.00 0.00 1. 63 0.206 land rehab.-non salt 
Ql2D_E 46 0.27 0.33 0.25 0.14 0.868 fodder 
Ql2D_F 46 0.18 0.13 0.30 0. 72 0.488 other 
Ql2D_G 46 0. 72 0.80 0.60 0.81 0.447 see above: a, c, d, e 
Shrub types planted in 1987? 
Ql2EA 29 0.00 0.00 0.16 1. 52 0.236 dryland fodder spp. 
Q12EB 29 0. 71 0.40 0.66 1. 07 0.354 saltland spp. 
Q12EC 29 0.28 0.50 0.08 2.54 0.098 f loric 
Q12ED 29 0.00 0.10 0.08 0.32 0.725 shrub and tree crops 
Q12EF 29 0.28 0.60 0.33 1. 07 0.354 dryland fodder/ f loric spp. [composite] 
Tree types planted in 1988? 
Ql3A_1Al 391 0.24 0.28 0. 26 0.29 0.744 dry land fodder spp. 
Ql3A_1Bl 391 0.14 0.22 0.24 2.57 0.077 tree crops 
Ql3A_1Cl 391 0.86 0.87 0.86 0.07 0.927 farm trees 
Ql3A_1Dl 391 0.03 0.03 0.07 1. 08 0.338 saltland spp. 
Ql3A_1Fl 391 0.00 0.00 0.00 0.00 0.998 floric spp. 
Ql3A_1Gl 391 0.38 0.44 0.47 0.98 0.374 dryland fodder spp.' tree crops 
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Cluster 
One 

VARIABLE No. Mean 

Cluster 
Two 

Mean 

Shrub types planted in 1988? 
Q13CA 46 0.00 0.17 
Ql3CB 46 0.75 0.70 

Cluster 
Three 
Mean 

0.19 
0.85 

F 
Value 

0.85 
0.63 

Prob 
> F 

0.433 
0.533 

Planted or left trees- homestead, sheds, drive, laneway 
Ql4Al 63 0.90 0.90 1.0 5.17 0.005 
Q14Bl 655 0.90 0.89 0.98 6.89 0.001 
Q14B_l 530 0.98 0.92 0.98 6.36 0.001 
Q14B_2 458 0.92 0.92 0.97 1.94 0.144 
Q14B_A11 655 0.58 0.66 0.73 6.09 0.002 
Q14B_A22 655 
Q14B_Bll 655 
Q14B_B22 655 
Q14B_C11 655 
Q14B_C22 655 
Q14B_Dll 655 
Q14B_D22 655 
Q14B_Ell 655 
Q14B_E22 655 
Q14B_F11 655 
Q14B_F22 655 
Q14B_Gll 655 
Q14B_G22 655 
Q14B_Hll 655 
Q14B_H22 655 

0.57 
0.56 
0.52 
0.30 
0.32 
0.60 
0.42 
0.06 
0.06 
0.29 
0.30 
0 .11 
0 .13 
0.04 
0.03 

Q15Al 646 0.11 

0.54 
0.59 
0.49 
0.34 
0.35 
0.60 
0. 4 6 
0.08 
0.09 
0.34 
0.31 
0.09 
0.08 
0.02 
0.00 
0.10 

0.67 
0.69 
0.61 
0.35 
0.44 
0. 67 
0.53 
0.05 
0.05 
0.33 
0.31 
0.15 
0.21 
0.05 
0.03 
0.09 

3.64 
4.27 
3.65 
0.65 
3. 67 
1. 31 
2.68 
0.83 
1. 39 
0.60 
0.02 
2.17 
7.79 
1. 33 
2.26 
0.22 

0.026 
0.014 
0.026 
0.519 
0.025 
0.270 
0.068 
0.435 
0.248 
0.548 
0.972 
0 .114 
0.000 
0.264 
0.104 
0.802 

Description 

dryland fodder spp. 
salt land spp. 

Planted or left trees- all listed reasons 
Planted- for one or more reasons 
left-for one or more reasons 
planted-shelter 
left-shelter 
planted-shade 
left-shade 
planted-wildlife, or conserv. 
left-wildlife, or conserv. 
planted-beautification 
left-beautification 
planted for fire control 
left-fire control 
planted-dust control 
left-dust control 
planted-salt control 
left-salt control 
planted-other reasons 
left-other reasons 
Fire hazards increasing-more trees? 



Cluster 
One 

VARIABLE No. Mean 

Cluster 
Two 

Mean 

Cluster 
Thr e e 
Me an 

F 
Value 

Prob 
> F 

than firebreaks, mgmt. methods to reduce fire hazard? Other 
Ql5Cl 
Ql5C2 
Ql5C3 
Ql5C4 
Ql5C5 
Ql5C6 
Ql5C7 
Q15Dl 
Q15El 
Species 
Q15F_l 
Ql5F_2 
Q15F_3 
Q16Al 

441 0.54 0.62 0.56 1.16 0.312 
440 0.12 0.08 0.12 0.57 0.561 
440 0.06 0.07 0.08 0.23 0.791 
440 0.16 
440 0.23 
440 0.06 
440 0.30 
633 0.28 
611 0.31 

0.16 
0.14 
0.03 
0.17 
0.30 
0.33 

loss due to fires? 
616 0.19 0.13 
616 0.23 0.32 
616 0.56 0.54 
641 0.87 0.90 

0 .11 
0.18 
0.05 
0.24 
0.28 
0. 26 

0.17 
0.23 
0.58 
0.88 

0.76 
1. 91 
1. 03 
3.15 
0.10 
1.21 

1. 83 
2. 65 
0.36 
0.40 

Can well managed windbreaks reduce economic losses? 
Q16B_l 640 0.88 0.87 0.89 0.08 
Q16B_2 640 0.12 0.12 0.10 0.08 
What distance 
Ql6CA 621 
Q16CB 621 
Q16CC 621 
Ql 6CD 621 
Ql6CE 621 
Q16CF 621 
Q16CG 621 

can windbreaks protect? 
0.06 0.11 0.05 
0.35 0.35 0.38 
0.15 
0 .11 
0.31 
0.41 
0.26 

0.16 
0.10 
0.25 
0.47 
0.27 

0.18 
0.13 
0.22 
0.44 
0.32 

2.87 
0.26 
0.36 
0.52 
2.08 
0.76 
0.94 

0.466 
0.148 
0.354 
0.043 
0.901 
0 .296 

0.160 
0. 071 
0.692 
0.670 

0.922 
0.922 

0.057 
0.766 
0.692 
0.589 
0.124 
0.467 
0.389 
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Description 

general rngmt. 
planted area rngmt 
no change 
equipment, planning 
bush rngmt. 
spp selection, strategic plantings 
spp select,bush rngmt 
Aware of info: trees vs. fire? 
Know where to get fire retardant trees? 

yes 
do not know 
no 
Have you seen trees slow winds? 

yes 
no, or do not know 

<2 tree heights 
<11 tree heights 
<20 tree heights 
<30 tree heights 
do not know 
<11 tree heights, or do not know 
<20 hgt, or <30 tree heights 



Cluster Cluster Cluster 
One Two Three F Prob 

VARIABLE No. Mean Mean Mean Value > F Description 

Do you see the need to plant: 
Q17Al 633 0.39 0.32 0.38 1.22 0. 294 native plant.-timber, posts 
Ql 7A2 633 0.18 0 . 23 0.21 1.11 0.327 pine plant.-timber, posts 
Q17A3 633 0.23 0.18 0.21 0.84 0.432 exotic plant.-timber, posts (b 'gums) 
Q17A4 633 0.80 0.80 0.80 0.00 0.999 windbreaks-stock 
Q17A5 633 0.63 0.69 0.67 0.91 0.401 windbreaks-crops, soil 
Q17A6 633 0.70 0.73 0.67 0.90 0.405 shelterbelts-shade, shelter 
Ql 7A7 633 0.58 0.64 0.68 2.52 0.081 st on saltland to reduce 
Q17A8 633 0.42 0.45 0 . 45 0.32 0. 719 st on catchment/recharge vs. salt 
Q17A9 633 0.26 0.34 0.38 3.65 0.026 saltbush, etc-stock fodder 
Q17A10 633 0.35 0.34 0.35 0.02 0.972 tagasaste, etc-stock fodder 
Ql 7All 633 0.21 0.26 0.22 0.99 0. 371 af (agroforestry) 
Ql 7A12 633 0.41 0.47 0.39 1. 46 0.231 st-property value 
Q17A13 633 0.52 0.54 0.52 0.07 0.924 st-property beauty 
Ql7A14 633 0.58 0.60 0.60 0.07 0.924 ornamental st-shade, shelter, etc 
Ql7A15 633 0.42 0.37 0.41 0.52 0.591 st-waterlogging control 
Q17A16 633 0.38 0.37 0.48 3.04 0.048 st-water erosion control 
Q17A17 633 0. 26 0.29 0. 26 0.37 0.684 st-wildlife corridors 
Q17A18 633 0.30 0.27 0.34 1.13 0.323 st-bush regeneration 
Q17A19 633 0.45 0.43 0.47 0.35 0.698 see 1, 2, 3 above 
Q17A20 633 0.87 0.91 0.88 0.87 0.419 see 4, 5, 6 above 
Q17A21 633 0.66 0.69 0.74 1. 61 0.200 see 7, 8 above 
Q17A22 633 0.44 0.52 0.52 1. 67 0.187 see 9, 10 above 
Q17A23 633 0.9 0.9 1. 0 1. 61 0.199 see 11, 19, 2 0, 21, 22, 25, 26 above 
Q17A24 633 0.71 0.76 0.73 0.62 0.533 see 12, 13, 14 above 
Q17A25 633 0.53 0.48 0.56 1. 24 0.287 see see 15, 16 above 
Q17A26 633 0.38 0.40 0.42 0.21 0.806 see 17, 18 above 
Q17A27 633 0.69 0.72 0.79 3.09 0.046 see 7, 9, 16 above 
Have you experienced soil blowing? 
Q18Al 636 0. 72 0.76 0.80 2.00 0 .1 35 
Use min. tillage, d'drill, reduced till? 
Q18Bl 63 4 0.67 0. 72 0.66 0. 8 0 0.448 



Cluster 
One 

VARIABLE No. Mean 

If yes, 
Ql8CA 
Q18CB 
Ql8CC 
Q18CD 

which ones? 
431 0.46 
431 0.22 
431 0.46 
431 0.02 

Cluster 
Two 

Mean 

0.44 
0.28 
0.51 
0.00 

Cluster 
Three 
Mean 

0.43 
0.29 
0.61 
0.00 

F 
Value 

0.08 
1.12 
2.93 
1. 31 

Apply any other practices to control soil blow? 
Q18Dl 524 0.68 0.75 0.66 2.08 
Please list these practices: 
Q18DA 364 0.76 0.56 
Q18DB 364 0.26 0.39 
Q18DC 364 0.00 0.00 
Q18DD 364 0.06 0.09 
Q18DE 364 0.00 0.02 
Q18DF 364 0.00 0.01 
Q18DG 364 0.89 0.88 
Q18DH 364 0.07 0 .11 

0.67 
0.33 
0.00 
0.06 
0.01 
0.00 
0.94 
0.08 

6.25 
2.64 
0.95 
0.39 
0.44 
1. 74 
1.22 
0.67 

Prob 
> F 

0.918 
0. 326 
0.054 
0.268 

0.125 

0.002 
0. 072 
0.385 
0.675 
0.641 
0.175 
0.295 
0.508 

General policy: grazing pressure, supplemental feeding? 
Q18EA 511 0.30 0.25 0.28 0.53 0.585 
Q18EB 511 0.51 0.58 0.55 0.87 0.417 
Q18EC 511 0.12 0.11 0.07 1.48 0.226 
Ql8ED 511 0.00 0.00 0.00 0.57 0.561 
Q18EE 511 0.00 0.01 0.02 1.20 0.302 
Different strategy when good prices? 
Q18Fl 428 0.26 0.29 0.37 
What strategies? 
Q18FA 285 0.22 
Q18FB 285 0.33 
Q18FC 285 0.48 
Q18FD 285 0.72 
Q18FE 285 0.04 
Q18FF 285 0.90 
Q18FG 285 0.49 

0.22 
0.23 
0.48 
0.79 
0.06 
0.91 
0.53 

0.22 
0.35 
0.42 
0.81 
0.10 
0.95 
0.50 

2.45 

0.00 
1. 76 
0.35 
1.25 
1. 23 
1. 20 
0.15 

0.086 

0.997 
0 .172 
0.700 
0.288 
0. 292 
0.302 
0.855 
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Description 

min.tillage used 
d'drill used 
reduced tillage used 
conventional till used 

crop/pas.mgt 
tillage 
not legible response 
fencing off 
windbreaks, shelterbelts 
no problem 
crop or pasture mgmt, tillage 
fencing off, plus windbreaks or s'belts 

graze to limit 
leave some 
leave plenty 
other 
depends 

hold , or buy in stock 
increase capacity 
constrained 
more fertiliser use, upgrade past. 
no changes 
increased (see above:a, b, d) 
constrained (see above:c, e) 



Cluster 
One 

VARIABLE No. Mean 

Cluster 
Two 

Mean 

Education level you have reached? 

Cluster 
Three 
Mean 

Q19A_Pll 483 0.42 0.38 0.37 
Q19A_P22 483 0.42 0.39 0.37 
Q19A_P33 483 0.16 0.22 0.26 
Written information sources? 
Q19B_A 465 0.76 0.58 0.65 
Q19B_B 465 0.49 0.60 0.66 
Q19B_C 465 0.08 0.10 0.07 
Information on tree growing: radio, tv? 
Ql9C_l 600 0.00 0.00 0.02 
Q19C_2 600 0.04 0.04 0.03 
Q19C_3 600 0.15 0.13 0.12 
Q19C_4 600 0.80 0.80 0.81 
Ql9C_5 600 0.19 0.19 0.18 
Ql9C_6 600 0.04 0.05 0.06 

F 
Value 

0.42 
0.52 
2. 71 

5.88 
4.60 
0.48 

1. 33 
0.10 
0.37 
0.08 
0.08 
0.18 

Information readily available on farm tree growing? 
Q200 437 0.84 0.86 0.90 1.61 
Main information sources? 
Q20A 605 0.83 0.86 
Q20B 605 0.47 0.46 
Q20C 605 0.03 0.10 
Q20CH 
Q20D 
Q20E 
Q20F 
Q20G 
Q20H 
Q20I 
Q20J 

605 0.32 
605 0.59 
605 0.64 
605 0.21 
605 0.01 
605 0.30 
605 0.85 
605 0.65 

0.44 
0.66 
0.65 
0.28 
0.00 
0.37 
0.88 
0.52 

0.90 
0.52 
0.10 
0.42 
0.67 
0.67 
0.32 
0.00 
0.38 
0.88 
0.60 

1. 61 
0.79 
4. 05 
3.78 
1. 80 
0.16 
2.74 
1. 71 
1. 80 
0.84 
3.64 

Prob 
> F 

0.659 
0.592 
0.067 

0.003 
0.010 
0.613 

0.265 
0.900 
0.685 
0.915 
0.915 
0.827 

0.200 

0.200 
0.452 
0.017 
0.023 
0.165 
0.851 
0.065 
0.180 
0.165 
0. 429 
0. 026 

Description 

primary or junior high (year 10) 
senior high (year 12), or tech. college, or TAFE 
agricultural college or university 

non-technical, none 
semi-technical, professional 
none 

daily 
weekly 
monthly 
rarely 
daily or weekly or monthly 
daily or weekly 

seminars, or field days 
other farmers 
non farm friends 
non farm friends,pers. exper. [composite] 
private companies 
Department of Agriculture 
CALM 
bank 
personal 
see above: b, c, d, g, h 
books, videos, rural press 



Cluster Cluster Cluster 
One Two Three F Prob 

VARIABLE No. Mean Mean Mean Value > F Des cription 

Predominant income earning activity? 
TYPEl 611 0.07 0.10 0.07 1. 06 0.345 A.S.I.C. estab. type: mainly sheep (meat) 
TYPE2 611 0.30 0.30 0.24 0.99 0.370 A.S.I.C. estab. type: mainly sheep (wool) 
TYPE3 611 0.30 0.18 0.27 4.38 0.012 A.S.I.C. estab. type: mainly sheep 
TYPE4 611 0.02 0.13 0.04 11. 81 0.000 A.S . I.C. estab. type: mainly wheat 
TYPES 611 0.03 0.01 0.02 0.74 0.477 A.S.I.C. estab. type: mainly beef 
TYPE6 611 0.20 0.23 0.29 2.18 0 .113 A.S.I.C. estab. type: wheat/ sheep 
TYPE7 611 0.04 0.01 0.04 1. 95 0.143 A.S.I.C. estab. type: sheep/ beef 
TYPES 611 0.00 0.00 0.00 0.95 0.385 A.S.I.C. estab. type: wheat/ beef 
Q21A_Pl 29 0.8 1. 0 1. 0 1. 34 0.278 non farm investments <20% 
Compare your net income to other farmers in area? 
Q22A_l 617 0.17 0.19 0.24 1. 39 0.247 above average 
Q22A_2 617 0.69 0. 71 0.67 0.36 0.694 average 
Q22A_3 617 0.07 0.06 0.04 0.63 0.533 below average 
Q22A_4 617 0.86 0.91 0.92 1. 92 o·.14 7 above average, or average 
Current goals? 
Q22B lA 636 0.23 0.16 - 0.24 2.85 0.058 expand-expansion history 
Q22B 1B 636 0.17 0 .11 0.16 2.04 0.129 expand-no expansion history -
Q22B lC 636 0.25 0.41 0.35 6.50 0.001 not expand- expansion history -
Q22B lD 636 0.25 0.25 0.18 1. 48 0.228 not expand-no expansion history 
Q22B lE 636 0.07 0.06 0.04 1.10 0.332 other -
Q22B lF 636 0.41 0.27 0.41 5.85 0.003 expand, unclear history -
Q22B lG 636 0.53 0.68 0.56 5.91 0.002 not expand, with or without expansion history -
Q22B_AB 636 0.41 0.27 0.41 6.26 0.002 expand, with or without expansion history 
OPTIONAL 
ClA 503 0.16 0.16 0.24 2.02 0 .132 Carobs on your property? 
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Cluster 
One 

VARIABLE No. Mean 

If yes, how many? 
C2A 83 0.56 
C2B 
C2C 
C2D 
C3A 
CSA 
C6A 

83 0.08 
83 0.30 
83 0.43 
298 0.13 
448 0.52 
437 0.52 

If not, why not? 
C7A 152 0.12 
C7B 152 0.34 
C7C 
C7D 
C7E 
C7F 
C7G 
C7H 
C7I 
C7J 
BlA 

152 0.31 
152 0.12 
152 0.08 
152 0.02 
152 0.00 
152 0.00 
152 0.34 
152 0.46 
432 0.53 

If yes, how many? 
B2 lT 655 0.26 

Cluster 
Two 

Mean 

0.61 
0 .11 
0.15 
0.38 
0.13 
0.58 
0.54 

0.27 
0.27 
0.18 
0.25 
0.05 
0.01 
0.05 
0.01 
0.56 
0.58 
0.57 

0.29 

Cluster 
Three 
Mean 

0.61 
0.17 
0.17 
0.38 
0.17 
0.68 
0.57 

0.14 
0.32 
0.26 
0.20 
0.08 
0.02 
0.00 
0.06 
0.38 
0.46 
0.57 

0.26 

F 
Value 

0.08 
0.51 
0.97 
0.08 
0.44 
3.91 
0.31 

2.28 
0.28 
1. 29 
1. 28 
0.20 
0.00 
2.74 
1. 82 
3.07 
0. 97 
0.39 

0.46 

Prob 
> F 

0.915 
0.600 
0.380 
0.915 
0.643 
0.020 
0.732 

0.105 
0.750 
0.278 
0.279 
0.814 
0.993 
0.067 
0.165 
0.049 
0.380 
0. 672 

0. 629 

Description 

1-5 
5-10 
>10 
>5 
Know other carob locations? 
Interested in more carob information? 
Would you consider planting carobs? 

unsuitable 
not interested 
more research/ information needed 
slow growing 
temperature, moisture unsuitable 
soils unsuitable 
labour, finance 
pests 
physical, environ. prob. (climate, soils) 
personal prob. (no interest, labour, finance) 
Blue Gums on your property? 

1-250 trees 



Cluster Cluster Cluster 
One Two Three F Prob 

VARIABLE No. Mean Mean Mean Value > F Description 

What originally encouraged interest? 
Q23Al 456 0.07 0.08 0.16 4.12 0.016 native plantations-timber, posts 
Q23A2 456 0.07 0.06 0.07 0.04 0.957 pine plant.-timber, posts 
Q23A3 456 0.09 0.03 0.08 2.56 0.078 exotic plant.-timber, posts (b 'gums) 
Q23A4 456 0.80 0.82 0.80 0.07 0. 929 windbreaks-stock 
Q23A5 456 0.63 0.70 0.65 0.89 0.410 windbreaks-crops, soil 
Q23A6 456 0.71 0.77 0.79 1. 37 0.254 shelterbelts-shade, shelter 
Q23A7 456 0.48 0.46 0.60 3.51 0.030 st on saltland to reduce 
Q23A8 456 0.17 0.21 0.25 1. 60 0.202 st on catchment/recharge vs. salt 
Q23A9 456 0.15 0.10 0.18 2.09 0.124 saltbush, etc-stock fodder 
Q23A10 456 0.19 0.16 0.22 1.16 0.312 tagasaste, etc-stock fodder 
Q23All 456 0 .11 0.04 0.10 2.63 0.072 af (agroforestry) 
Q23A12 456 0.24 0.20 0.31 2.40 0.091 st-property value 
Q23A13 456 0.46 0.41 0. 49 0.90 0.405 st-property beauty 
Q23Al4 456 0.53 0.49 0.51 0.18 0.830 ornamental st-shade, shelter, etc 
Q23A15 456 0.24 0.17 0.28 2.48 0.084 st-waterlogging control 
Q23A16 456 0.19 0.14 0.25 2.87 0.057 st-water erosion control 
Q23A17 456 0.17 0.14 0.21 1.18 0.308 st-wildlife corridors 
Q23A18 456 0.12 0.15 0.25 5.09 0.006 st-bush regeneration 
Q23A19 456 0.18 0.14 0.22 1. 66 0.191 see 1, 2, 3, 11 above 
Q23A20 456 0.87 0.95 0.92 3.93 0.020 see 4, 5, 6 above 
Q23A21 456 0.49 0.51 0.63 3.42 0.033 see 7, 8 above 
Q23A22 456 0.30 0.22 0.32 2.35 0.095 see 9, 10 above 
Q23A23 456 0.9 0.9 1. 0 0.86 0.422 see 11, 19, 20, 21, 22, 25, 26 above 
Q23A24 456 0.67 0.65 0.64 0 .11 0.890 see 12, 13, 14 above 
Q23A25 456 0.32 0.23 0.37 3.37 0.035 see see 15, 16 above 
Q23A26 456 0.22 0.22 0.32 2.46 0.086 see 17, 18 above 
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Cluster Cluster Cluster 
One Two Three F Prob 

VARIABLE No. Mean Mean Mean Value > F Description 

Most important practice? [no. of mentions in the 3 rankings] 
Q23Bl 437 0.04 0.02 0.04 0.57 0.564 native plant.-timber, posts 
Q23B2 437 0.02 0.03 0.01 0.56 0.567 pine plant. - timber, posts 
Q23B3 437 0.02 0.00 0.02 1. 00 0.365 exotic plant.-timber, posts (b 'gums) 
Q23B4 437 0.64 0.72 0.63 1. 48 0.228 windbreaks-stock 
Q23B5 437 0.47 0.56 0.41 3.18 0.042 windbreaks-crops, soil 
Q23B6 437 0.44 0.41 0.41 0.14 0.864 shelterbelts-shade, shelter 
Q23B7 437 0.36 0.32 0.45 3.07 0.047 st on saltland to reduce 
Q23B8 437 0.08 0.09 0.06 0.60 0.546 st on catchment/recharge vs. salt 
Q23B9 437 0.06 0.03 0.06 1. 00 0.367 saltbush, etc-stock fodder 
Q23B10 437 0.10 0.07 0.07 0.49 0.608 tagasaste, etc-stock fodder 
Q23Bll 437 0.03 0.00 0.00 2.62 0.073 af (agroforestry) 
Q23Bl2 437 0.03 0.01 0.04 1. 21 0. 297 st-property value 
Q23Bl3 437 0.15 0.10 0.12 0.59 0.550 st-property beauty 
Q23B14 437 0.13 0.17 0.12 0.78 0.458 ornamental st-shade, shelter, etc 
Q23Bl5 437 0.08 0.07 0.13 1. 39 0.248 st-waterlogging control 
Q23B16 437 0.05 0.04 0.03 0.22 0.799 st-water erosion control 
Q23Bl7 437 0.02 0.05 0.05 1. 33 0. 263 st-wildlife corridors 
Q23B18 437 0.02 0.03 0.05 1. 20 0.300 st-bush regeneration 
Q23B19 437 0.07 0.06 0.09 0.36 0.693 see 1, 2, 3 11 above 
Q23B20 437 0.84 0.92 0.87 2.05 0 .129 see 4, 5, 6 above 
Q23B21 437 0.42 0.39 0.50 2.03 0 .132 see 7, 8 above 
Q23B22 437 0.16 0.09 0.13 1. 57 0.208 see 9, 10 above 
Q23B24 437 0.29 0. 26 0.26 0.25 0.775 see 12, 13, 14 above 
Q23B25 437 0.13 0.12 0.15 0.28 0.751 see see 15, 16 above 
Q23B26 437 0.04 0.09 0.10 1. 93 0.145 see 17, 18 above 



Cluster Cluster Cluster 
One Two Three F Prob 

VARIABLE No. Mean Mean Mean Value > F Description 

First ranked most important practice? 
Ql23Al 437 0.02 0.00 0.01 0. 62 0.534 native plant.-tirnber, posts 
Ql23A2 437 0.00 0.00 0.00 0.00 0. 996 pine plant.-tirnber, posts 
Ql23A3 437 0.00 0.00 0.00 1. 01 0.362 exotic plant.-tirnber, posts (b 'gums) 
Ql23A4 437 0.33 0.39 0.31 1.17 0.310 windbreaks-stock 
Ql23A5 437 0.18 0.19 0.20 0.09 0.910 windbreaks-crops, soil 
Ql23A6 437 0.07 0.09 0.07 0.17 0.837 shelterbelts-shade, shelter 
Q123A7 437 0.21 0.15 0.27 3.37 0.035 st on saltland to reduce 
Q123A8 437 0.02 0.01 0.02 0.17 0.843 st on catchment/recharge vs. salt 
Ql23A9 437 0.00 0.00 0.01 0.26 0.766 saltbush, etc-stock fodder 
Ql23Al0 437 0.02 0.01 0.00 0.57 0.564 tagasaste, etc-stock fodder 
Ql23Al2 437 0.00 0.00 0.00 0.90 0.403 st-property value 
Ql23A13 437 0.02 0.01 0.00 0.57 0.564 st-property beauty 
Q123Al4 437 0.02 0.02 0.02 0.04 0.954 ornamental st-shade, shelter, etc 
Q123A15 437 0.02 0.03 0.00 1.19 0.305 st-waterlogging control 
Q123Al6 437 0.02 0.00 0.00 1. 73 0.177 st-water erosion control 
Q123A17 437 0.00 0.01 0.00 0.91 0.402 st-wildlife corridors 
Ql23A18 437 0 .00 0.00 0.01 0.99 0.369 st-bush regeneration 
Q123A19 437 0.02 0.01 0.02 0.53 0.586 see 1, 2, 3 above 
Ql23A20 437 0.58 0.67 0.59 1. 67 0.188 see 4, 5, 6 above 
Q123A21 437 0.24 0.17 0.29 3.25 0.039 see 7, 8 above 
Ql23A22 437 0.02 0.01 0.02 0.17 0.843 see 9, 10 above 
Ql23A23 437 0.94 0.94 0. 96 0.45 0.632 see 11, 19, 2 0, 21, 22, 25, 26 above 
Ql23A24 437 0.04 0.04 0 .0 2 0.35 0.700 see 12, 13, 14 above 
Ql23A25 437 0.05 0.03 0.01 1. 51 0.221 see see 15, 16 above 
Ql23A26 437 0.00 0.01 0.01 0.39 0.675 see 17, 18 above 
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Cluster Cluster Cluster 
One Two Three F Prob 

VARIABLE No. Mean Mean Mean Value > F Description 

Second ranked most important practice? 
Q223Al 420 0.00 0.00 0.00 0.90 0.403 native plant.-timber, posts 
Q223A2 420 0.00 0.00 0.00 0.50 0.606 pine plant.-timber, posts 
Q223A3 420 0.01 0.00 0.00 1.13 0.323 exotic plant.-timber, posts (b 'gums) 
Q223A4 420 0.22 0.22 0.20 0.14 0.862 windbreaks-stock 
Q223A5 420 0.21 0.31 0.17 4.27 0.014 windbreaks-crops, soil 
Q223A6 420 0.21 0.13 0.20 1. 72 0.178 shelterbelts-shade, shelter 
Q223A7 420 0.09 0.09 0.10 0.08 0.923 st on saltland to reduce 
Q223A8 420 0.02 0.04 0.03 0.59 0.551 st on catchment/recharge vs. salt 
Q223A9 420 0.01 0.01 0.02 0.15 0.853 saltbush, etc-stock fodder 
Q223Al0 420 0.03 0.02 0.02 0.15 0.854 tagasaste, etc-stock fodder 
Q223All 420 0.02 0.00 0.00 0.95 0.385 af (agroforestry) 
Q223Al2 420 0.00 0.00 0.00 1. 01 0.364 st-property value 
Q223Al3 420 0.03 0.02 0.02 0.15 0.854 st-property beauty 
Q223A14 420 0.03 0.04 0.02 0.17 0.840 ornamental st-shade, shelter, etc 
Q223Al5 420 0.03 0.02 0.09 4.20 0.015 st-waterlogging control 
Q223Al6 420 0.00 0.00 0.01 0. 26 0.769 st-water erosion control 
Q223Al7 420 0.00 0.01 0.00 0.88 0.412 st-wildlife corridors 
Q223A18 420 0.00 0.01 0.01 0.92 0 .396 st-bush regeneration 
Q223A19 420 0.00 0.01 0.00 0.18 0.830 see 1, 2, 3 above 
Q223A20 420 0.35 0.37 0.38 0.15 0.858 see 4, 5, 6 above 
Q223A21 420 0 .11 0 .11 0.12 0.03 0. 968 see 7, B above 
Q223A22 420 0.03 0.02 0.02 0.15 0.854 see 9, 10 above 
Q223A23 420 0.57 0.57 0.66 1. 41 0.243 see 11, 19, 2 0, 21, 22, 25, 26 above 
Q223A24 420 0 . 06 0.06 0.06 0.00 0.993 see 12, 13, 14 above 
Q223A25 420 0.03 0.03 0.10 4.41 0.012 see see 15, 16 above 
Q223A26 420 0.00 0.02 0.02 1. 69 0.185 see 17, 18 above 



Cluster Cluster Cluster 
One Two Three F Prob 

VARIABLE No . Mean Mean Mean Value > F Description 

Third ranked most important practice? 
Q323Al 379 0.02 0.01 0.04 0.80 0.447 native plant.-tirnber, posts 
Q323A2 379 0.00 0.02 0.00 0.68 0.503 pine plant.-tirnber, posts 
Q323A3 379 0.00 0.00 0.01 0.27 0.760 exotic plant.-tirnber, posts (b 'gums) 
Q323A4 379 0 .10 0 .13 0.15 0.59 0.553 windbreaks-stock 
Q323A5 379 0.09 0.07 0.05 0.76 0.466 windbreaks-crops, soil 
Q323A6 379 0.18 0.22 0.16 0.66 0.513 shelterbelts-shade, shelter 
Q323A7 379 0.05 0.09 0.08 0.58 0.558 st on saltland to reduce 
Q323A8 379 0.04 0.03 0.00 1. 44 0.236 st on catchment/recharge vs. salt 
Q323A9 379 0.04 0.01 0.03 1. 20 0.299 saltbush, etc-stock fodder 
Q323A10 379 0.04 0.03 0.04 0.12 0.882 tagasaste, etc-stock fodder 
Q323All 379 0.01 0.00 0.00 2.12 0.120 af (agroforestry) 
Q323A12 379 0.04 0.00 0.04 1. 68 0.187 st - property value 
Q323A13 379 0.10 0.08 0.10 0.25 0.772 st-property beauty 
Q323A14 379 0.09 0.12 0.08 0.56 0.568 ornamental st-shade, shelter, etc 
Q323A15 379 0.04 0.02 0.04 0.42 0.654 st-waterlogging control 
Q323A16 379 0.01 0.03 0.01 0.84 0.430 st-water erosion control 
Q323Al 7 379 0.01 0.03 0.05 1. 38 0.251 st-wildlife corridors 
Q323Al8 379 0.02 0.01 0.03 0.41 0.663 st-bush regeneration 
Q323A19 379 0.02 0.02 0.04 0.84 0.431 see 1, 2, 3 above 
Q323A20 379 0.34 0.38 0.37 0.21 0.805 see 4, 5, 6 above 
Q323A21 37 9 0.07 0.11 0.10 0.60 0.548 see 7, 8 above 
Q323A2 2 379 0.06 0.02 0.04 1. 4 6 0.232 see 9, 10 above 
Q323A23 379 0.59 0.57 0.62 0.32 0. 719 see 11, 19, 20, 21, 22, 25, 26 above 
Q323A24 379 0.09 0.03 0.07 1. 49 0. 226 see 12, 13, 14 above 
Q323A25 379 0.07 0.03 0.04 1.28 0.279 see see 15, 16 above 
Q323A26 379 0.01 0.04 0.06 1. 78 0.169 see 17, 18 above 
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Cluster Cluster Cluster 
One Two Three F Prob 

VARIABLE No. Mean Mean Mean Value > F Description 

Agro forestry success overall? 
Q25Al 446 0.10 0.20 0.12 4.09 0.017 very 
Q25A2 446 0.64 0.60 0.65 0.40 0.667 moderate 
Q25A3 446 0.19 0.13 0.16 0.77 0.459 not very 
Q25A4 446 0.00 0.00 0.01 1. 04 0.352 not at all 
Q25A5 446 0.04 0.04 0.04 0.01 0.982 too early to tell 
Q25A6 446 0.01 0.00 0.00 2.20 0 .111 not applicable 
Q25A7 446 0.74 0.81 0.77 1.17 0.309 very, or moderate 
Q25A8 446 0.20 0.13 0.17 0.98 0.372 not very, or not at all 
Agroforestry success- related to others? 
Q25Bl 433 0.15 0.23 0.12 3.53 0.030 very 
Q25B2 433 0.60 0.58 0.62 0.20 0.813 moderate 
Q25B3 433 0.12 0.09 0.12 0.47 0.620 not very 
Q25B4 433 0.00 0.00 0.02 3.08 0.046 no success 
Q25B5 433 0.10 0.08 0.10 0.28 0.754 too early to tell 
Q25B6 433 0.01 0.00 0.00 2.27 0.104 not applic 
Q25B7 433 0.75 0.82 0.74 1. 48 0.228 very or moderate 
Q25B8 433 0.12 0.09 0.14 0.94 0.391 not very, or no success 
Agrof orestry success- dollars earned? 
Q25Cl 402 0.09 0.07 0.04 1. 04 0.353 very 
Q25C2 402 0.17 0.23 0.22 0.94 0. 391 moderate 
Q25C3 402 0.20 0.15 0.17 0.54 0.580 not very 
Q25C4 402 0.16 0.07 0.14 2.75 0.064 no success 
Q25CS 402 0.34 0.43 0.39 1.16 0.314 too early to tell 
Q25C6 402 0.02 0.02 0.02 0.02 0.973 not applic 
Q25C7 402 0. 26 0.31 0.27 0.50 0.607 very or moderate 
Q25C8 402 0.36 0.23 0.31 3.12 0.044 not very, or no success 



Cluster Cluster Cluster 
One Two Three F Prob 

VARIABLE No. Mean Mean Mean Value > F Description 

Source of funds: trees? 
Q26AA3 426 0.17 0.20 0.16 0.55 0.572 own 
Q26AB3 426 0.05 0.07 0.04 0.89 0.408 overdraft 
Q26AC3 426 0.70 0.63 0.73 1. 76 0 .172 running costs 
Q26AD3 426 0.08 0.10 0.06 0.54 0.583 unclear 
Q26AE3 426 0.03 0.02 0.02 0.41 0.663 outside funds 
Q26AF3 426 0.00 0.03 0 . ·02 1. 52 0.219 loan and cash 
Q26AG3 426 0.00 0.00 0.00 0.57 0.565 savings and cash 
Q26AI3 426 0. 72 0.68 0.77 1. 45 0.234 running costs, or loan & cash, or savings & cash 
Q26AJ3 426 0.21 0.23 0.18 0.61 0.540 own, or outside funds 
Apply to borrow money for trees? 
Q26Bl 426 0 .13 0.16 0.22 1. 90 0.150 Bank mgr. reaction to loan request: trees? 
Q26CA 409 0.43 0.42 0.40 0.16 0.844 symp. & pos. 
Q26CB 409 0.24 0.24 0.24 0.00 0.998 symp, but negative 
Q26CC 409 0.16 0.14 0.14 0 .11 0.894 negative 
Q26CD 409 0 . 11 0.08 0.14 1. 05 0.351 do not know 
Q26CE 409 0.03 0.05 0.06 0.60 0.549 would not borrow 
Q26CF 409 0.41 0.39 0.39 0.05 0.949 symp but neg, or neg 
Max. interest: tree grow loan? 
Q26D_A 268 0 .13 0.09 0.15 0.55 0. 572 max interest rate for AF loan? >11% 
Q26D_B 268 0.10 0.08 0.04 1. 34 0. 2 63 do not know 
Q26D_C 268 0.20 0.21 0.16 0.52 0.591 would not borrow 
Q26D_ D 268 0.27 0.40 0.34 1. 71 0.182 6-10% 
Q26D_E 268 0. 29 0.21 0.30 0.95 0.384 no interest loan 
Taxation familiarity: trees? 
Q26E 1 439 0.32 - 0.37 0.40 0. 96 0.381 sufficiently 
Q26E_2 439 0.55 0.48 0.50 0.75 0.470 uncertain 
Q26E_3 439 0.12 0.13 0.09 0.54 0.580 not concerned 
Q26E 4 655 0.38 0.43 0.44 0.84 0.431 uncertain or not concerned 
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Cluster Cluster Cluster 
One Two Three F Prob 

VARIABLE No. Mean Mean Mean Value > F Description 

Risky: tree growing on arable land? 
Q27A_l 446 0.48 0.48 0.51 0.14 0.864 yes 
Q27A_2 446 0.18 0.22 0.22 0. 26 0. 771 do not know 
Q27A_3 446 0.32 0.29 0.26 0.51 0.599 no 
Q27A_4 446 0.51 0.51 0.48 0.14 0.864 do not know, or no 
Reasons economically risky? 
Q27B_A 230 0.42 0.36 0.50 1. 64 0.195 slow returns 
Q27B_B 230 0.11 0.28 0.18 3.25 0.040 lack of cost/benefit data 
Q27B_C 230 0.30 0.26 0.27 0.12 0.883 other priorities 
Q27B_D 230 0.05 0.01 0.01 1. 98 0.140 not applicable, or unclear 
Q27B_E 230 0.10 0.07 0.01 2.73 0.066 unsuitable for trees 
Q27B_F 230 0.53 0.64 0.69 2.10 0.124 slow returns, or lack cost/benefit data 
Q28 451 0.95 0. 96 0.98 1.11 0.329 Are all listed practices economic? 
Economic- native plant. for timber? 
Q28Al 410 0.27 0.26 0.35 1. 62 0.199 yes 
Q28All 410 0.52 0.51 0.44 1. 04 0.353 no 
Q28A12 410 0 .16 0.17 0.17 0.04 0.956 do not know 
Q28A13 410 0.04 0.04 0.03 0.32 0.724 not applicable 
Economic- pine plantations? 
Q28A2 404 0.14 0.19 0.21 1. 08 0.337 yes 
Q28A21 404 0.63 0.63 0.56 0. 7 6 0.464 no 
Q28A22 404 0.16 0.09 0 .11 1. 55 0.213 do not know 
Q28A23 404 0.05 0.07 0.10 0.98 0.374 not applicable 
Economic- exotic plantations? 
Q28A3 405 0.18 0.16 0.22 0. 7 9 0.453 yes 
Q28A31 405 0.57 0.56 0.53 0.25 0.774 no 
Q28A32 405 0.18 0.22 0.17 0.60 0.548 do not know 
Q28A33 405 0.05 0.05 0.06 0.18 0.827 not applicable 
Economic- windbreaks:stock? 
Q28A4 438 0.86 0.85 0.89 0.64 0.523 yes 
Q28A41 438 0 . 03 0 . 07 0 .0 6 0. 96 0. 382 n o 
Q2 8A42 438 0.06 0.01 0.01 3.12 0.044 do not know 
Q28A43 438 0.03 0.05 0.02 1.21 0 .296 not applicable 



Cluster Cluster Cluster 
One Two Three F Prob 

VARIABLE No. Mean Mean Mean Value > F Description 

Economic- windbreaks:crops, soil? 
Q28A5 433 0.83 0.79 0.82 0.54 0.583 yes 
Q28A51 433 0.06 0.12 0.13 2.31 0.100 no 
Q28A52 433 0.06 0.03 0.02 2.02 0.133 do not know 
Q28A53 433 0.03 0.04 0.01 1.12 0.325 not applicable 
Economic- shelterbelts? 
Q28A6 432 0.82 0.85 0.90 1. 96 0.141 yes 
Q28A61 432 0.06 0.07 0.05 0.40 0.670 no 
Q28A62 432 0.04 0.02 0.02 0.78 0.458 do not know 
Q28A63 432 0.06 0.04 0.02 1. 31 0.268 not applicable 
Economic- shrubs, trees on saltland? 
Q28A7 420 0.66 0.69 0. 72 0.44 0.642 yes 
Q28A71 420 0.09 0.08 0.12 0.70 0 .496 no 
Q28A72 420 0.07 0.05 0.02 1. 22 0. 295 do not know 
Q28A73 420 0.07 0.05 0.02 1. 22 0. 295 not applicable 
Economic- catchment, recharge vs. salt? 
Q28A8 402 0.50 0.54 0.53 0.16 0.848 yes 
Q28A81 402 0.17 0.16 0 .13 0.49 0.610 no 
Q28A82 402 0 .11 0.13 0.18 1. 35 0.258 do not know 
Q28A83 402 0.20 0.16 0.14 0.84 0.431 not applicable 
Economic- saltbush, etc. for fodder? 
Q28A9 398 0.44 0.42 0.53 1. 71 0.181 yes 
Q28A91 398 0.25 0.23 0.21 0.25 0. 771 no 
Q28A92 398 0.16 0.19 0.15 0.43 0.645 do not know 
Q28A93 398 0.14 0.14 0.10 0.79 0.451 not applicable 
Economic- tagasaste, etc. for fodder? 
Q28A100 401 0.36 0.44 0.46 1. 44 0.236 yes 
Q28A101 401 0.27 0. 26 0.27 0.01 0.982 no 
Q28A102 401 0. 2 9 0 .21 0.25 1.13 0.322 do not know 
Q28A103 401 0.06 0.08 0.00 3.96 0.019 not applicable 
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Cluster Cluster Cluster 
One Two Three F Prob 

VARIABLE No. Mean Mean Mean Value > F Description 

Economic- agroforestry? 
Q28Al10 397 0.25 0.25 0.24 0.02 0.979 yes 
Q28Alll 397 0 . 40 0.33 0.37 0.83 0.436 no 
Q28A112 397 0. 26 0.34 0.34 1. 09 0.337 do not know 
Q28Al13 397 0.07 0.06 0.03 0.71 0.489 not applicable 
Economic- plant for property value? 
Q28A120 416 0.62 0.64 0.66 0.21 0.804 yes 
Q28A121 416 0.16 0.21 0.14 1. 54 0.214 no 
Q28A122 416 0.14 0.09 0.17 1. 63 0.195 do not know 
Q28A123 416 0.06 0.03 0.02 1. 33 0. 263 not applicable 
Economic- plant for property beauty? 
Q28A130 409 0.73 0.78 0.78 0.50 0.602 yes 
Q28A131 409 0.10 0.16 0.14 1. 06 0.347 no 
Q28A132 409 0.12 0.03 0.07 4.49 0. 011 do not know 
Q28A133 409 0.03 0.01 0.00 2.00 0.135 not applicable 
Economic- plant ornamentals: shade, etc? 
Q28A140 417 0.84 0.83 0.85 0.04 0.952 yes 
Q28A141 417 0.08 0.09 0.08 0.04 0.952 no 
Q28A142 417 0.05 0.03 0.03 0.50 0.607 do not know 
Q28A143 417 0.01 0.03 0.02 0.41 0.659 not applicable 
Economic- plant:waterlogging control? 
Q28A150 403 0.56 0.55 0.59 0.28 0.755 yes 
Q28A151 403 0.17 0.17 0.17 0.01 0.989 no 
Q28A152 403 0.12 0.09 0.13 0.78 0.456 do not know 
Q28A153 403 0.12 0.18 0.09 2.27 0.103 not applicable 
Economic- plant: water erosion control? 
Q28A160 406 0.55 0.55 0.60 0.47 0.620 yes 
Q28A161 406 0.16 0.21 0.18 0.68 0.504 no 
Q28Al62 406 0 . 12 0.07 0 .11 0.76 0. 4 65 do not know 
Q28A163 406 0 . 16 0.14 0.09 1. 58 0 . 205 not applicable 



Cluster Cluster Cluster 
One Two Three F Prob 

VARIABLE No. Mean Mean Mean Value > F Description 

Economic- wildlife corridors? 
Q28A170 394 0.30 0.40 0.35 1. 35 0.258 yes 
Q28A171 394 0.40 0.37 0.40 0.15 0.855 no 
Q28A172 394 0.12 0 .11 0.17 1. 48 0.227 do not know 
Q28A173 394 0.16 0.10 0.06 3.28 0.038 not applicable 
Economic- bush regeneration? 
Q28A180 387 0.43 0.46 0.54 1. 50 0.223 yes 
Q28A181 387 0.28 0.32 0.22 1. 46 0.233 no 
Q28A182 387 0.13 0.09 0.18 2.75 0.064 do not know 
Q28A183 387 0.14 0 .11 0.03 4.24 0.015 not applicable 
Economic- 1, 2, 3 above 
Q28A190 418 0.34 0.37 0.50 3.69 0.025 yes 
Q28A191 418 0.69 0.75 0.70 0.73 0.479 no 
Q28A192 418 0.26 0.30 0.27 0.40 0.669 do not know 
Q28A193 418 0.07 0.09 0 .11 0.47 0. 624 not applicable 
Economic- 4, 5, 6 above 
Q28A200 442 0.88 0.90 0.94 1. 51 0.221 yes 
Q28A201 442 0.10 0.16 0.17 1. 54 0.214 no 
Q28A202 442 0.07 0.04 0.03 1.14 0.318 do not know 
Q28A203 442 0.06 0.07 0.02 2. 67 0.070 not applicable 
Economic- 7, 8 above 
Q28A210 424 0.69 0.73 0.77 1. 03 0.354 yes 
Q28A211 424 0.18 0.16 0.16 0.12 0.882 no 
Q28A212 424 0.12 0.14 0.18 0.92 0.396 do not know 
Q28A213 424 0.19 0.19 0.16 0.20 0.815 not applicable 
Economic- 9, 10 above 
Q28A220 414 0.57 0.58 0. 62 0.25 0.773 yes 
Q28A221 414 0.34 0.35 0.31 0.21 0.805 no 
Q28A222 414 0.32 0.28 0.29 0.24 0.784 do not know 
Q28A223 414 0.1 3 0.16 0.09 1. 42 0.242 not applicable 
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Cluster Cluster Cluster 
One Two Three F Prob 

VARIABLE No. Mean Mean Mean Value > F Description 

Economic- 11, 19, 20-22, 25, 26 above 
Q28A230 451 0.77 0.74 0.77 0.41 0.658 yes 
Q28A231 451 0.77 0.74 0.77 0.41 0.658 no 
Q28A232 451 0.77 0.74 0.77 0.41 0.658 do not know 
Q28A233 451 0.77 0.74 0.77 0.41 0.658 not applicable 
Economic- 12-14 above 
Q28A240 426 0. 91 0.89 0.91 0.30 0.735 yes 
Q28A241 426 0.22 0.27 0.22 0.59 0.552 no 
Q28A242 426 0.18 0.12 0.17 1. 24 0.289 do not know 
Q28A243 426 0.07 0.05 0.03 0.97 0.378 not applicable 
Economic- 15, 16 above 
Q28A250 412 0.67 0.65 0.69 0.37 0.689 yes 
Q28A251 412 0.21 0.25 0.22 0.28 0.752 no 
Q28A252 412 0.16 0 .11 0.17 0.98 0.375 do not know 
Q28A253 412 0.20 0.19 0.13 1. 31 0. 268 not applicable 
Economic- 17, 18 above 
Q28A260 406 0.48 0.55 0.59 1. 51 0.220 yes 
Q28A261 406 0.45 0.43 0.43 0.04 0.954 no 
Q28A262 406 0.16 0.14 0.25 3.07 0.047 do not know 
Q28A263 406 0.21 0.16 0.08 4.58 0.010 not applicable 
Q28A270 451 0.16 0.10 0.19 2.36 0. 096 see Q28Al82, Q28A132 
Q28A271 451 0.19 0.19 0.08 4.22 0.015 see Q28A173, Q28A183 
Economic to plant shrubs? 
Q29A 412 0.40 0. 4 6 0. 4 6 0.58 0.557 
If yes, please explain: 
Q29_A 655 0.04 0.03 0.03 0.06 0.934 windbreaks 
Q29_B 655 0.02 0.02 0.03 0.19 0.826 aesthetics 
Q29_C 655 0.04 0.04 0.05 0.09 0.910 land rehab.-salt 
Q29_D 655 0.01 0.03 0.01 2.14 0 .118 land rehab.-non salt 
Q29_E 655 0.04 0 . 04 0.09 2.87 0.057 fodder 
Q29_F 655 0. 03 0 . 07 0 . 07 2 . 51 0 . 081 other 
Q2 9_G 655 0.13 0 .13 0.16 0.51 0 .596 see above: a, c, d, e 
Q29_H 655 0.00 0.00 0.00 1.20 0. 299 none planted, do not know 
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Cluster Cluster 
One Two 

VARIABLE No. Mean Mean 

Any quantitative or financial 
Q30Al 434 0 . 08 0.03 
I f no, is it because: 
Q30B_A 401 0 . 26 0 . 30 
Q30B_B 401 0.36 0.37 
Q30B_C 401 0 . 34 0.30 
Q30B_D 401 0.00 0.00 
Q30B_ E 401 0.01 0.01 
Q30Cl 343 0 . 02 0.06 

Cluster 
Three 
Mean 

results of 
0.04 

0 . 36 
0.37 
0.24 
0.00 
0 . 00 
0 . 02 

F 
Value 

tree growing? 
1. 36 

1. 55 
0.01 
1. 40 
0.49 
0.19 
1. 44 

Prob 
> F 

0.256 

0.213 
0 . 983 
0.246 
0. 611 
0.820 
0.237 
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Description 

can't calculate 
can't calculate, or too early to tell 
too early to tell 
af not seen in econ. terms 
unclear, or circled more than 1 response 
Quantitative/financial results on other property[s] 



Cluster Cluster Cluster 
One Two Three F Prob 

VARIABLE No. Mean Mean Mean Value > F Description 

Practices close to your programme? 
Q31Al 437 0.09 0 .10 0.16 1. 73 0.178 native plant.-timber, posts 
Q31A2 437 0.05 0.04 0.12 3.47 0.031 pine plant.-timber, posts 
Q31A3 437 0.05 0.03 0.10 3.27 0.038 exotic plant.-timber, posts (b 'gums) 
Q31A4 437 0.82 0.80 0.85 0.62 0.538 windbreaks-stock 
Q31A5 437 0.70 0.75 0.73 0.62 0.536 windbreaks-crops, soil 
Q31A6 437 0.73 0.69 0.77 1.10 0.330 shelterbelts-shade, shelter 
Q31A7 437 0.49 0. 46 0.53 0.87 0.417 st on saltland to reduce 
Q31A8 437 0.27 0.20 0.26 1. 31 0.270 st on catchment/recharge vs. salt 
Q31A9 437 0.17 0.14 0.23 1. 94 0.143 saltbush, etc-stock fodder 
Q31A10 437 0.22 0.16 0.24 1. 61 0.200 tagasaste, etc-stock fodder 
Q31All 437 0 .11 0.04 0.08 1. 98 0 .138 af (agroforestry) 
Q31A12 437 0.32 0.20 0.37 5.31 0.005 st-property value 
Q31A13 437 0.50 0.48 0.50 0.08 0.918 st-property beauty 
Q31A14 437 0.53 0.54 0.53 0.00 0.994 ornamental st-shade, shelter, etc 
Q31A15 437 0.24 0.24 0.31 1.16 0. 313 st-waterlogging control 
Q31A16 437 0.23 0.19 0.32 3.85 0.021 st-water erosion control 
Q31A17 437 0.17 0.17 0.18 0.03 0. 962 st-wildlife corridors 
Q31A18 437 0 .13 0.14 0.27 6.23 0.002 st-bush regeneration 
Q31A19 437 0.15 0.16 0.27 4.24 0.014 see 1, 2, 3 above 
Q31A20 437 0.86 0. 92 0.94 2.89 0.056 see 4, 5, 6 above 
Q31A21 437 0.55 0.51 0.57 0.48 0.616 see 7, 8 above 
Q31A22 437 0.30 0. 2 6 0.36 1. 64 0.194 see 9, 10 above 
Q31A23 437 0.9 0.9 1. 0 2.17 0 .115 see 11, 19 f 20, 21, 22, 25, 26 above 
Q31A24 437 0.67 0.66 0.68 0.08 0.920 see 12, 13, 14 above 
Q31A25 437 0.32 0.29 0.42 2.95 0.053 see 15, 16 above 
Q31A26 437 0.25 0.24 0.31 1. 07 0.343 see 17, 18 above 
Q31A27 437 0.40 0.28 0.51 8.91 0.000 see 12, 18 above 
Any preference for native or exotic species? 
Q31BA 420 0.59 0.57 0.51 0.92 0 .396 



Cluster Cluster Cluster 
One Two Three F Prob 

VARIABLE No. Mean Mean Mean Value > F Description 

Econ. advantage- CALM Softwood Scheme? 
Q32Al 394 0 . 31 0.31 0.33 0.15 0.857 none 
Q32A2 394 0.10 0.09 0.10 0.02 0.971 low 
Q32A3 394 0.02 0.01 0.06 2. 64 0. 072 medium 
Q32A4 394 0.00 0.03 0.03 0.94 0.390 high 
Q32A5 394 0.18 0.18 0.13 0.69 0. 498 do not know 
Q32A6 394 0.20 0.18 0.19 0.12 0.883 have not heard of this 
Q32A7 394 0.16 0.17 0 . 13 0.36 0.695 not applicable here 
Q32A8 394 0.47 0.48 0.47 0.02 0.977 none or not applicable here 
Q32A9 394 0.03 0.04 0.09 2.13 0 .119 medium, or high 
Q32A10 394 0.38 0.37 0.33 0.46 0.625 do not know, or have not heard of this 
Q32All 394 0 . 12 0.10 0.16 0.86 0.422 low, medium 
Econ. advantage- CALM Hardwood Scheme? 
Q32Bl 361 0. 29 0.31 0. 29 0.06 0.941 none 
Q32B2 361 0 . 12 0.10 0 . 11 0.08 0.922 low 
Q32B3 361 0.05 0.00 0.04 2.51 0.082 medium 
Q32B4 361 0 . 00 0.00 0.03 2 . 59 0.075 high 
Q32B5 361 0.18 0.20 0.19 0.05 0.944 do not know 
Q32B6 361 0 . 15 0.20 0.19 0.39 0.676 have not heard of this 
Q32B7 361 0.17 0.15 0.12 0 . 65 0.520 not applic. here 
Q32B8 361 0.47 0.47 0.42 0.46 0.630 none, or not applic here 
Q32B9 361 0.05 0.01 0.08 3 .14 0.044 medium or high 
Q32B10 361 0.34 0.40 0.38 0.45 0.635 do not know, or have not heard of this 
Q32Bll 361 0 . 17 0 .11 0.16 1.15 0.317 low, or medium 
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Cluster Cluster Cluster 
One Two Three F Prob 

VARIABLE No. Mean Mean Mean Value > F Description 

Econ. advantage- WACAP Scheme? 
Q32Cl 387 0. 29 0.27 0.25 0.22 0.799 none 
Q32C2 387 0.08 0.08 0.10 0.17 0.840 low 
Q32C3 387 0.04 0.04 0.05 0.16 0.850 medium 
Q32C4 387 0.00 0.02 0.07 5.13 0.006 high 
Q32C5 387 0.14 0.17 0.18 0.22 0.796 do not know 
Q32C6 387 0.25 0.23 0.18 1. 00 0.366 have not heard of this 
Q32C7 387 0.15 0.17 0.14 0.33 0. 715 not applic. here 
Q32C8 387 0.45 0.45 0.40 0.47 0.623 none, or not applic here 
Q32C9 387 0.05 0.06 0.13 3.32 0.036 medium or high 
Q32Cl0 387 0.40 0.40 0.36 0.30 0.734 do not know, or have not heard of this 
Q32Cll 387 0.13 0.12 0.15 0.35 0.702 low or medium 
Econ. advantage- AFTS Scheme? 
Q32Dl 2 69 0.24 0.17 0.25 0.97 0.379 none 
Q32D2 269 0.12 0.06 0.04 2.02 0 .134 low 
Q32D3 269 0.04 0.12 0.06 1. 75 0.174 medium 
Q32D4 269 0.01 0.01 0.03 0.95 0.387 high 
Q32D5 269 0.13 0.18 0.19 0.69 0.499 do not know 
Q32D6 269 0.34 0.27 0.29 0.50 0.607 have not heard of this 
Q32D7 269 0.09 0.17 0.10 1. 36 0.258 not applic. here 
Q32D8 269 0.34 0.34 0.35 0.03 0.967 none, or not applic here 
Q32D9 269 0.06 0.13 0.10 1. 27 0.281 medium or high 
Q32D10 2 69 0.47 0.45 0.49 0.10 0.901 do not know, or have not heard of this 
Q32Dll 269 0.17 0.18 0 .11 1. 07 0.344 low or medium 



Cluster Cluster Cluster 
Three 
Mean 

One 
VARIABLE No. Mean 

seminars, 
359 0.44 
359 0.20 
359 0.13 
359 0.41 
359 0.18 
359 0.01 
359 0.23 
359 0.08 
359 0.04 
359 0.00 
655 0.31 
655 0.06 
444 0.08 
417 0.28 
451 0.88 

Two 
Mean 

field days? 
0.45 
0.25 
0.14 
0.47 
0.23 
0.04 
0.19 
0.05 
0.02 
0.00 
0.40 
0.04 
0.12 
0.46 
0.87 

0.48 
0.20 
0.17 
0.40 
0.24 
0.01 
0.17 
0.06 
0.05 
0.00 
0.38 
0.07 
0.10 
0. 4 9 
0.88 

Arranged 
Q33Al 
Q33A2 
Q33A3 
Q33A4 
Q33A5 
Q33A6 
Q33A7 
Q33A8 
Q33A9 
Q33A10 
Q33All 
Q33A12 
Q33Bl 
Q33CA 
Q33Dl 
How many 
Q33E_l 
Q33E_2 
Q33E_ 3 
Q33E_4 
Q33E 5 

did you talk with in 1987? 
395 0.61 0.55 0.44 
395 0.23 0.25 0.34 
395 0.15 0.20 0.21 
395 0.84 0.80 0.78 
395 0.38 

Practical- bush on 
Q34AA1 433 0.57 
Q34AA2 433 0.22 
Q34AA3 433 0.05 
Q34AA4 433 0.02 
Q34AA5 433 0.11 
Q34AA7 433 0.80 
Q34AA8 433 0.08 

0.45 0.55 
creeks, waterways? 

0.66 0.58 
0.18 0.22 
0.05 0.07 
0.03 0.02 
0.05 0.08 
0.85 0.80 
0.09 0.10 

F 
Value 

0.16 
0. 46 
0.35 
0.58 
0.61 
1. 07 
0.61 
0.60 
0.83 
0.01 
2.09 
0.87 
0.47 
7.34 
0.04 

3. 94 
2.36 
0.75 
0.75 
3.94 

1. 49 
0.38 
0.48 
0.18 
1. 69 
0.82 
0.20 

Prob 
> F 

0.845 
0.627 
0.700 
0.557 
0.539 
0.342 
0.541 
0.547 
0.434 
0.980 
0.123 
0.417 
0. 621 
0.000 
0.958 

0.020 
0.095 
0.468 
0.468 
0.020 

0.224 
0. 67 9 
0.618 
0.833 
0.185 
0.440 
0.818 
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Description 

Dept.Agric. 
CALM 
private companies 
LCD 
semi-government 
government 
interested farmers 
do not know 
nobody 
unclear 
see above I 3, 4, 6, 7 
do not know, nobody 
Ever initiated seminar, field day on trees 
Would initiate a seminar, field day on trees 
Discuss trees, bush mgmt. wth neighbours, others 

1-5 
6-10 
>11 
<10 
>6 

very 
moderately 
not very 
not practical 
not applicable 
moder, or very practical 
not very, or not practical 



Cluster Cluster Cluster 
One Two Three F Prob 

VARIABLE No. Mean Mean Mean Value > F Description 

Practical- bush on ridges, rocks? 
Q34AB1 423 0. 4 6 0.53 0.48 0.65 0.522 very 
Q34AB2 423 0.23 0.21 0.31 2.36 0.095 moderately 
Q34AB3 423 0.09 0.09 0.12 0.31 0. 727 not very 
Q34AB4 423 0.03 0.02 0.02 0.35 0.704 not practical 
Q34AB5 423 0.15 0.13 0.05 3.53 0.030 not applic 
Q34AB6 423 0.00 0.00 0.00 1.10 0.332 do not know 
Q34AB7 423 0.70 0.74 0.80 1. 73 0.178 moder, or very practical 
Q34AB8 423 0.13 0.12 0.14 0.16 0.849 not very, or not practical 
Practical- bush on gutless sands? 
Q34AC1 417 0.44 0. 4 9 0.48 0.42 0.655 very 
Q34AC2 417 0.19 0.20 0.28 1. 72 0.179 moderately 
Q34AC3 417 0.12 0.06 0 .11 1. 68 0.186 not very 
Q34AC4 417 0.04 0.07 0.03 1. 08 0.338 not practical 
Q34AC5 417 0.18 0.15 0.08 3.21 0.041 not applic 
Q34AC7 417 0.64 0.70 0. 76 2.53 0.080 moder, or very practical 
Q34AC8 417 0.17 0.14 0.15 0.32 0. 725 not very, or not practical 
Practical- bush in paddocks? 
Q34AD1 421 0. 32 0.30 0.31 0.07 0.931 very 
Q34AD2 421 0.26 0.30 0.36 1. 43 0.239 moderately 
Q34AD3 421 0.17 0.22 0.24 0. 96 0.383 not very 
Q34AD4 421 0.17 0.10 0.04 6. 7 6 0.001 not practical 
Q34AD5 421 0.04 0.06 0.03 0.47 0.621 not applic 
Q34AD7 421 0.59 0.61 0.67 0.98 0. 372 moder, or very practical 
Q34AD8 421 0.35 0.32 0.28 0.72 0.483 not very, or not practical 
Q34AD9 442 0.54 0.40 0.38 4.57 0. 011 impractical, not applic.bush regen/ maint. 



Cluster Cluster Cluster 
One Two Three F Prob 

VARIABLE No. Mean Mean Mean Value > F Description 

Pra ctical- regen bush: c reekline s ? 
Q34BA1 423 0 . 39 0.40 0.44 0.37 0.690 very 
Q34BA2 423 0.24 0.27 0.25 0.18 0.832 moderately 
Q34BA3 423 0 .11 0.15 0.15 0.54 0.582 not very 
Q34BA4 423 0.09 0 . 06 0.07 0 . 48 0.613 not practical 
Q34BA5 423 0.14 0.10 0.07 1. 81 0.164 not applic 
Q34BA6 423 0.00 0.00 0.00 1.12 0.324 do not know 
Q34BA7 423 0 . 63 0.68 0.69 0 . 56 0.570 moder, or very practical 
Q34BA8 423 0 . 20 0.21 0 . 22 0.08 0.922 not very, or not practical 
Pr a c t i cal- regen bush: r i dges, rocks? 
Q34BB1 417 0 . 26 0.26 0.27 0 . 02 0.980 very 
Q34BB2 417 0.24 0.28 0 . 33 1. 29 0.274 moderately 
Q34BB3 417 0 . 17 0.19 0.18 0 . 07 0.923 not very 
Q34BB4 417 0.13 0.08 0 .11 0.95 0.386 not practical 
Q34BB5 417 0.17 0.17 0.09 1. 96 0.141 not applic 
Q34BB6 417 0.01 0.00 0.00 1.15 0.317 do not know 
Q34BB7 417 0.50 0 . 55 0.60 1. 31 0 . 269 moder, or very practical 
Q34BB8 417 0.30 0.27 0. 29 0 . 19 0.825 not very, or not practical 
Practical- regen bush : on gut les s sands? 
Q34BC1 415 0 . 32 0.31 0.27 0.46 0.628 very 
Q34BC2 415 0.15 0.22 0 . 25 2.21 0 .110 very 
Q34BC3 415 0.18 0.15 0. 26 2.52 0.081 not very 
Q34BC4 415 0.13 0 .13 0.09 0.67 0.510 not practical 
Q34BC5 415 0.19 0.15 0 .11 1. 70 0.183 not applic 
Q34BC6 415 0 . 00 0.00 0.00 0.51 0.600 do not know 
Q34BC7 415 0 . 47 0.54 0.52 0.66 0.516 moder, or very practical 
Q34BC8 415 0 . 31 0 . 29 0.35 0.67 0 . 511 not very, or not practical 
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Cluster Cluster Cluster 
One Two Three F Prob 

VARIABLE No. Mean Mean Mean Value > F Description 

Practical- regen bush in paddocks? 
Q34BD1 421 0.18 0.20 0.17 0.22 0.802 very 
Q34BD2 421 0.20 0.21 0. 26 0.91 0.400 moderately 
Q34BD3 421 0.23 0.27 0.29 0.78 0.455 not very 
Q34BD4 421 0. 26 0.18 0.19 1. 42 0.242 not practical 
Q34BD5 421 0.10 0 .11 0.06 1. 21 0.299 not applic 
Q34BD6 421 0.00 0.00 0.00 0.51 0.600 do not know 
Q34BD7 421 0.39 0.42 0.44 0.41 0.663 moder, or very practical 
Q34BD8 421 0.49 0.46 0.48 0.18 0.832 not very, or not practical 
Practical- native plantations? 
Q34CA1 372 0.08 0.12 0.19 3.00 0.050 very 
Q34CA2 372 0.20 0.19 0.23 0.27 0.760 moderately 
Q34CA3 372 0.25 0.29 0.24 0.49 0.612 not very 
Q34CA4 372 0.30 0.18 0.14 4. 96 0.007 not practical 
Q34CA5 372 0 .13 0.19 0.16 0.79 0.454 not applic 
Q34CA6 3 72 0.00 0.00 0.02 1. 79 0.167 do not know 
Q34CA7 372 0. 29 0.32 0.42 2. 64 0. 072 moder, or very practical 
Q34CA8 372 0.56 0.47 0.38 3.65 0.026 not very, or not practical 
Practicality- pine plantations? 
Q34CB1 370 0.06 0.08 0.09 0.52 0.592 very 
Q34CB2 3 7 0 0.18 0.16 0.20 0.24 0.786 moderately 
Q34CB3 370 0.21 0.30 0.25 1. 23 0. 293 not very 
Q34CB4 37 0 0.40 0.21 0.22 7.29 0.000 not practical 
Q34CB5 3 7 0 0.12 0.22 0.20 2.56 0.078 not applic 
Q34CB6 3 70 0.00 0.00 0.00 0.55 0.577 do not know 
Q34CB7 370 0.24 0.25 0.29 0.54 0.579 moder, or very practical 
Q34CB8 370 0.62 0.51 0.48 2.63 0.073 not very, or not practical 



Cluster Cluster Cluster 
One Two Three F Prob 

VARIABLE No . Mean Mean Mean Value > F Description 

Practicality- exotic plantat i ons? 
Q3 4CC1 353 0.07 0.08 0.10 0 . 36 0.691 very 
Q34CC2 353 0.17 0.13 0.16 0 . 30 0.738 moderately 
Q34CC3 353 0 . 19 0 . 28 0 . 29 1. 69 0 . 184 not very 
Q34CC4 353 0.40 0.28 0.19 6.15 0.002 not practical 
Q34CC5 353 0 . 14 0.21 0.22 1. 36 0.257 not applic 
Q34CC6 353 0 . 00 0.00 0.01 1. 04 0.351 do not know 
Q34CC7 353 0 . 24 0.2 1 0 . 26 0 . 39 0 . 673 moder , or very practical 
Q34CC8 353 0.60 0.56 0 . 49 1. 40 0. 246 not very , or not practical 
Practicality- windbreaks: stock? 
Q34CD1 415 0. 66 0.75 0.73 1. 24 0.288 very 
Q34CD2 415 0 . 27 0.19 0 . 21 1. 34 0. 263 moderately 
Q34CD3 415 0 . 00 0 . 02 0.00 1. 58 0.206 n ot very 
Q34CD4 415 0 . 03 0.00 0.02 2 . 29 0.102 not practical 
Q34CD5 415 0.01 0.03 0.02 0.49 0.608 not applic 
Q34CD7 415 0 . 94 0.94 0.95 0 . 02 0.974 moder , or very practical 
Q34CD8 415 0 . 03 0.02 0 . 02 0.45 0.634 not very , or not practical 
Practicality- windbreaks:crops, soil? 
Q34CE1 408 0 . 58 0 . 64 0 . 62 0 . 50 0.604 very 
Q34CE2 408 0 . 30 0.24 0 . 27 0 . 47 0. 621 moderately 
Q34CE3 408 0.04 0.05 0.02 0 . 52 0 . 592 not very 
Q34CE4 408 0.04 0.02 0.05 0 . 57 0.563 not practical 
Q34CE5 408 0 . 03 0 . 02 0 . 01 0.45 0.636 not applic 
Q34CE7 408 0 . 88 0 . 89 0 . 90 0 . 11 0.888 moder , or very practical 
Q34CE8 408 0 . 08 0.08 0 . 08 0 . 00 0 . 999 not very , or not practical 
Practicality- shelterbelts? 
Q34CF1 403 0 . 62 0 . 69 0 . 64 0.73 0 . 479 very 
Q34CF2 403 0 . 25 0.25 0 . 29 0 . 35 0 . 698 moderately 
Q34CF3 403 0.04 0.04 0.00 1. 79 0 . 168 not very 
Q34CF4 403 0 . 04 0.00 0 . 02 2.76 0 . 064 not practical 
Q34CF5 403 0.04 0.00 0 . 02 1. 72 0.178 not applic 
Q34CF7 403 0 . 87 0.95 0 . 94 2. 97 0.052 moder , or very practical 
Q34CF8 403 0.08 0 . 04 0.03 1. 54 0.214 not very , or not practical 
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Cluster Cluster Cluster 
One Two Three F Prob 

VARIABLE No. Mean Mean Mean Value > F Description 

Practicality? plant on saltland vs. salt? 
Q34CG1 385 0.44 0.52 0.50 0.93 0.393 very 
Q34CG2 385 0.20 0.22 0.21 0.02 0.974 moderately 
Q34CG3 385 0.02 0.02 0.02 0.08 0.922 not very 
Q34CG4 385 0.08 0.02 0.04 2.86 0.058 not practical 
Q34CG5 385 0.22 0.19 0.20 0.24 0.786 not applic 
Q34CG6 385 0.00 0.01 0.00 0.19 0.823 do not know 
Q34CG7 385 0.65 0.75 0.71 1. 4 7 0.230 moder, or very practical 
Q34CG8 385 0 .11 0.04 0.07 2.13 0 .119 not very, or not practical 
Practicality- plant on catchment? 
Q34CH1 372 0.26 0.34 0.30 0.86 0.421 very 
Q34CH2 372 0.23 0.27 0.25 0.23 0.788 moderately 
Q34CH3 3 72 0 .11 0.10 0.15 0.87 0.417 not very 
Q34CH4 372 0 .11 0.06 0.06 1. 62 0.198 not practical 
Q34CH5 372 0.26 0.21 0.22 0.51 0.598 not applic 
Q34CH7 372 0.50 0.61 0.55 1. 68 0.187 moder, or very practical 
Q34CH8 372 0.23 0.16 0.22 0.98 0.374 not very, or not practical 
Practicality- saitbush, etc. fodder? 
Q34CI1 372 0.22 0.22 0. 26 0.27 0.763 very 
Q34CI2 372 0.23 0.22 0.25 0 .11 0.890 moderately 
Q34CI3 372 0.15 0.16 0 .11 0.54 0.580 not very 
Q34CI4 372 0.09 0.08 0.07 0.17 0.838 not practical 
Q34CI5 372 0.27 0.25 0.28 0.12 0.883 not applic 
Q34CI6 372 0.01 0.02 0.00 0.83 0.436 do not know 
Q34CI7 372 0.45 0.45 0.51 0.53 0.588 moder, or very practical 
Q34CI8 372 0.24 0.25 0.19 0.79 0.454 not very, or not practical 



Cluster Cluster Cluster 
One Two Three F Prob 

VARIABLE No. Mean Mean Mean Value > F Description 

Practicality- tagasaste, etc. fodder? 
Q34CJ1 362 0.20 0.26 0. 29 0.99 0 .372 very 
Q34CJ2 362 0.33 0.25 0.27 0.91 0.400 moderately 
Q34CJ3 362 0.21 0.20 0.17 0.31 0.727 not very 
Q34CJ4 362 0.09 0.12 0 .11 0.19 0.825 not practical 
Q34CJ5 362 0.12 0.14 0.12 0.15 0.853 not applic 
Q34CJ6 362 0.01 0.01 0.02 0.14 0.868 do not know 
Q34CJ7 362 0.54 0.51 0.56 0.26 0. 7 64 moder, or very practical 
Q34CJ8 362 0.31 0.32 0. 29 0.17 0.843 not very, or not practical 
Practicality- agroforestry? 
Q34CK1 359 0.10 0.15 0 .11 0 . 97 0.379 very 
Q34CK2 359 0.17 0.18 0.23 0.87 0.418 moderately 
Q34CK3 359 0.31 0.26 0.22 1. 21 0 .296 not very 
Q34CK4 359 0.25 0.18 0.16 1. 81 0.164 not practical 
Q34CK5 359 0 .13 0.18 0.24 2.20 0 .111 not applic 
Q34CK6 359 0.01 0.03 0.01 0.30 0.734 do not know 
Q34CK7 359 0.27 0.34 0.35 0.94 0.390 moder, or very practical 
Q34CK8 359 0.56 0.44 0.38 4.16 0.016 not very, or not practical 
Practicality- plant: value? 
Q34CL1 386 0.35 0.31 0.32 0.25 0.776 very 
Q34CL2 386 0.36 0.40 0.38 0.25 0. 77 6 moderately 
Q34CL3 386 0.12 0.12 0.13 0.05 0.949 not very 
Q34CL4 386 0.09 0.07 0.09 0.23 0.788 not practical 
Q34CL5 386 0.06 0.08 0.06 0.47 0.622 not applic 
Q34CL7 386 0. 71 0. 71 0. 71 0.00 0.995 moder, or very practical 
Q34CL8 386 0.22 0.19 0.22 0.23 0.787 not very, or not practical 
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Cluster Cluster Cluster 
One Two Three F Prob 

VARIABLE No. Mean Mean Mean Value > F Description 

Practicality- plant: beauty? 
Q34CM1 433 0.36 0.30 0.32 0.52 0.594 very 
Q34CM2 433 0.28 0.39 0.40 2.84 0.059 moderately 
Q34CM3 433 0.10 0.10 0.07 0.44 0.638 not very 
Q34CM4 433 0.05 0.03 0.06 0.80 0.445 not practical 
Q34CM5 433 0.02 0.03 0.02 0.03 0.967 not applic 
Q34CM6 433 0.00 0.00 0.00 1.10 0.332 do not know 
Q34CM7 433 0.64 0.69 0.73 1. 25 0.286 moder, or very practical 
Q34CM8 433 0.16 0.13 0.13 0.23 0.787 not very, or not practical 
Practicality- ornam. shade, shelter? 
Q34CN1 383 0.54 0.53 0.49 0.35 0.700 very 
Q34CN2 383 0.32 0.37 0.41 1.11 0. 329 moderately 
Q34CN3 383 0.05 0.05 0.03 0.26 0.768 not very 
Q34CN4 383 0.05 0.01 0.04 1. 84 0.160 not practical 
Q34CN5 383 0.01 0.02 0.00 0.43 0. 649 not applic 
Q34CN6 383 0.00 0.00 0.00 1.12 0.326 do not know 
Q34CN7 383 0.86 0.90 0.90 0. 72 0.485 moder, or very practical 
Q34CN8 383 0.11 0.07 0.08 0.54 0.578 not very, or not practical 
Practicality- waterlogging control? 
Q34C01 370 0.25 0.29 0.31 0.45 0.632 very 
Q34C02 370 0.30 0.28 0.32 0.15 0.854 moderately 
Q34C03 370 0.13 0.12 0 .11 0.13 0.873 not very 
Q34C04 370 0 .11 0.07 0.05 1. 42 0.241 not practical 
Q34C05 370 0.18 0.21 0.20 0.13 0.877 not applic 
Q34C06 370 0.00 0.00 0.00 1.13 0.321 do not know 
Q34C07 370 0.55 0.58 0.63 0.70 0.492 moder, or very practical 
Q34C08 370 0.24 0.20 0.16 1.15 0.316 not very, or not practical 



Cluster Cluster Cluster 
One Two Three F Prob 

VARIABLE No . Mean Mean Mean Value > F Description 

Practica lity- water eros i on c ontrol? 
Q34CP1 377 0 . 31 0.30 0.34 0.31 0.730 very 
Q34CP2 377 0. 26 0.29 0.33 0.63 0.532 moderately 
Q34CP3 377 0.12 0.13 0.09 0.52 0.591 not very 
Q34CP4 377 0 . 10 0.06 0.05 1. 09 0.336 not practical 
Q34CP5 377 0 . 17 0.20 0.14 0.74 0. 4 7 6 not applic 
Q34CP6 377 0.00 0.00 0.02 1. 79 0.167 do not know 
Q34CP7 377 0.58 0.60 0.68 1. 43 0.238 moder, or very practical 
Q34CP8 377 0 . 23 0.20 0.15 1. 32 0. 266 not very, or not practical 
Practicality- wildl ife c o r r idor s? 
Q34CQ1 362 0 .13 0.24 0.21 2.45 0.087 very 
Q34CQ2 362 0.27 0.27 0 . 18 1. 64 0.194 moderately 
Q34CQ3 362 0.22 0.17 0.24 0.89 0 .411 not very 
Q34CQ4 362 0.18 0 .13 0.20 0.95 0.387 not practical 
Q34CQ5 362 0.18 0.16 0 .13 0.54 0.580 not applic 
Q34CQ6 362 0.00 0.00 0.01 1. 98 0.139 do not know 
Q34CQ7 362 0.41 0.51 0.40 2.12 0.121 moder, or very practical 
Q34CQ8 362 0.40 0.31 0.45 2.42 0.089 not very, or not practical 
Pract i cal ity- bush regen. ? 
Q34CR1 361 0 . 23 0.22 0. 26 0.40 0.669 very 
Q34CR2 361 0.33 0. 29 0.30 0.24 0 . 783 moderately 
Q34CR3 361 0.12 0.20 0.19 1. 65 0.193 not very 
Q34CR4 361 0.17 0.17 0.13 0 . 64 0 . 525 not practical 
Q34CR5 361 0 .11 0.09 0.09 0.07 0.925 not applic 
Q34CR6 361 0.01 0.00 0.00 1. 24 0.288 do not know 
Q34CR7 361 0 . 57 0.51 0.56 0.42 0.652 moder, or very practical 
Q34CR8 361 0.29 0.38 0.32 0 . 96 0.382 not very , or not practical 
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Cluster Cluster Cluster 
One Two Three F Prob 

VARIABLE No. Mean Mean Mean Value > F Description 

Practicality- see 1-3 above 
Q34C191 375 0 .11 0.19 0.25 3.67 0.026 very 
Q34C192 375 0.32 0.31 0.40 1.18 0.306 moderately 
Q34Cl93 375 0.35 0.45 0.43 1. 33 0.263 not very 
Q34Cl94 375 0.4 7 0.36 0.30 3.69 0.025 not practical 
Q34Cl95 375 0.16 0.27 0.27 2.83 0.060 not applic 
Q34C196 375 0.00 0.00 0.02 1. 79 0.167 do not know 
Q34C197 375 0.40 0.45 0.57 4.01 0.018 moder, or very practical 
Q34Cl98 375 0.71 0.70 0.64 1. 02 0.361 not very, or not practical 
Practicality- see 4-6 above 
Q34C201 421 0.72 0.80 0.73 1.15 0.316 very 
Q34C202 421 0.40 0.37 0.34 0.48 0.616 moderately 
Q34C203 421 0.06 0.08 0.03 1. 32 0.268 not very 
Q34C204 421 0.04 0.02 0.06 1.14 0.319 not practical 
Q34C205 421 0.04 0.04 0.02 0.83 0.435 not applic 
Q34C207 421 0.95 0.98 0.95 1. 45 0.234 moder, or very practical 
Q34C208 421 0.10 0.10 0.09 0.04 0.959 not very, or not practical 
Practicality- see 7, 8 above 
Q34C211 393 0.44 0.55 0.52 1. 39 0.248 very 
Q34C212 393 0.32 0.35 0.32 0.18 0.835 moderately 
Q34C213 393 0.12 0.10 0.16 1. 06 0.344 not very 
Q34C214 393 0 .11 0 . 06 0.08 1.19 0.302 not practical 
Q34C215 393 0.27 0.23 0.24 0. 26 0.770 not applic 
Q34C216 393 0.00 0.01 0.00 0.20 0.819 do not know 
Q34C217 393 0.68 0.78 0.76 1. 75 0.175 moder, or very practical 
Q34C218 393 0.24 0.16 0.23 1. 43 0.240 not very, or not practical 
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Cl uster Cluster Cluster 
One Two Three F Prob 

VARIABLE No. Mean Mean Mean Value > F Description 

Pra ctica lit y- see 9, 1 0 above 
Q34C221 381 0.30 0.34 0.35 0.30 0.735 very 
Q34C222 381 0.44 0.38 0 . 38 0.63 0.531 moderately 
Q34C223 381 0.27 0.27 0.21 0.88 0.413 not very 
Q34C224 381 0 .11 0.17 0.14 0. 96 0.382 not practical 
Q34C225 381 0.30 0.30 0.28 0 .13 0.875 not applic 
Q34C226 381 0.03 0 . 03 0.02 0 . 24 0.784 do not know 
Q34C227 381 0 . 67 0.66 0.68 0 . 09 0.908 moder, or very practical 
Q34C228 381 0.37 0.42 0 . 34 0.98 0.375 not very , or not practical 
Practica l ity- see 11, 19- 22, 25, 26 above 
Q34C231 359 0.82 0.87 0 . 81 1.13 0.323 very 
Q34C232 359 0 . 77 0.73 0.78 0 . 57 0.564 moderately 
Q34C233 359 0.59 0.67 0.60 1. 00 0.366 not very 
Q34C234 359 0.55 0.50 0.44 1. 38 0.252 not practical 
Q34C235 359 0.46 0.52 0.46 0 . 51 0.596 not applic 
Q34C236 359 0.04 0.04 0 . 03 0 .13 0.873 do not know 
Q34C237 359 0.9 1. 0 1. 0 4. 72 0.009 moder, or very practical 
Q34C238 359 0.83 0.85 0 . 76 1. 97 0.141 not very , or not practical 
Pract i cal ity- see 12-14 above 
Q34C241 397 0.60 0.55 0.54 0.41 0.660 very 
Q34C242 397 0.51 0.54 0.61 1. 4 7 0.229 moderately 
Q34C243 397 0 . 15 0.16 0.14 0.18 0 . 835 not very 
Q34C244 397 0 . 10 0.07 0 . 14 1. 57 0.209 not practical 
Q34C245 397 0 . 07 0.08 0.05 0.30 0 . 739 not applic 
Q34C246 397 0 . 00 0.00 0.00 1.15 0.316 do not know 
Q34C247 397 0.90 0.93 0.94 0.78 0.457 moder , or very practical 
Q34C248 397 0.24 0.23 0 . 26 0.20 0.816 not very , or not practical 
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Cluster Cluster Cluster 
One Two Three F Prob 

VARIABLE No. Mean Mean Mean Value > F Description 

Practicality- see 15, 16 above 
Q34C251 382 0.35 0.36 0.39 0.27 0.762 very 
Q34C252 382 0.35 0.36 0.43 0.99 0.369 moderately 
Q34C253 382 0.17 0.17 0 .13 0.37 0.686 not very 
Q34C254 382 0.12 0.10 0.07 0.85 0.425 not practical 
Q34C255 382 0.23 0.27 0.21 0.59 0.553 not applic 
Q34C256 382 0.00 0.00 0.02 1. 7 6 0.173 do not know 
Q34C257 382 0.60 0.63 0.66 0.47 0. 620 moder, or very practical 
Q34C258 382 0.27 0.24 0.19 1.10 0.331 not very, or not practical 
Practicality- see 17, 18 above 
Q34C261 376 0.24 0.33 0.29 1.14 0.318 very 
Q34C262 376 0.41 0.42 0.37 0.40 0.666 moderately 
Q34C263 376 0.28 0.29 0.31 0.16 0.844 not very 
Q34C264 376 0.25 0.21 0.22 0.27 0.759 not practical 
Q34C265 376 0.20 0.18 0.16 0.26 0.766 not applic 
Q34C266 376 0.01 0.00 0.01 1.13 0.321 do not know 
Q34C267 376 0.63 0. 67 0. 62 0.35 0.702 moder, or very practical 
Q34C268 376 0.48 0.49 0.50 0.05 0.945 not very, or not practical 
Practicality- see 1, 17 above 
Q34CAQ1 368 0 .13 0.28 0.31 6.15 0.008 very 

Financial incentives needed- bush fencing? 
Q35Bl 437 0.80 0.73 0.84 2.81 0.060 
Conunents? 
Q35B1A 207 0.05 0.04 0.03 0.09 0.908 do not need to fence 
Q35BlB 207 0.24 0.27 0.20 0.43 0.647 doing without incentives 
Q35BlC 207 0.75 0.73 0.83 1. 28 0.279 incentives needed 
Q35B1D 207 0.94 0.95 0.98 0.97 0.379 doing without or need 
Fi nancial incentives needed- paddock trees? 
Q35Cl 43 4 0 . 69 0. 68 0 . 75 1. 05 0 . 349 



Cluster Cluster Cluster 
One Two Three F Prob 

VARIABLE No. Mean Mean Mean Value > F Description 

Comments? 
Q35ClA 158 0.07 0.08 0.14 0.82 0.438 do not need to fence 
Q35ClB 158 0.30 0.31 0.22 0.58 0.557 doing without incentives 
Q35C1C 158 0.71 0.62 0.77 1. 62 0.199 incentives needed 
Q35ClD 158 0.97 0.91 0.88 1.25 0.287 doing without or need 
Problem- drought? 
Q36Al 415 0.28 0.20 0. 29 1. 92 0.147 serious problem 
Q36A2 415 0.29 0.28 0. 29 0 . 03 0.969 medium problem 
Q36A3 415 0.25 0.31 0.25 0.76 0. 4 64 minor 
Q36A4 415 0.07 0.09 0.08 0.12 0.883 not a problem 
Q36A5 415 0.07 0.10 0.07 0.51 0.600 not applic 
Q36A6 415 0.01 0.00 0.00 1.12 0.324 do not know 
Q36A7 415 0.57 0.48 0.59 1. 89 0.151 medium or serious problem 
Q36A8 415 0.33 0.40 0.33 1. 03 0.355 minor or not a problem 
Q36A9 415 0.14 0.19 0.15 0. 62 0.536 not a problem or not applic 
Q36Al0 415 0.08 0.10 0.07 0.50 0.601 not applic, or do not know 
Problem- suitable species? 
Q36Bl 331 0.05 0.07 0.01 1. 98 0.139 serious problem 
Q36B2 331 0.09 0 .13 0.12 0.35 0.701 medium problem 
Q36B3 331 0.24 0.18 0.18 0.75 0.470 minor 
Q36B4 331 0.48 0.50 0.61 2.17 0 .114 not a problem 
Q36B5 331 0 . 10 0.09 0.06 0.53 0.589 not applic 
Q36B6 331 0.00 0.00 0.00 0.54 0.581 do not know 
Q36B7 331 0.15 0.20 0 .13 0.99 0.370 medium, or serious problem 
Q36B8 331 0 . 72 0.68 0.79 1. 67 0.189 minor, or not a problem 
Q36B9 331 0.59 0.59 0 . 68 1.18 0.307 not a problem, or not applic. 
Q36Bl0 331 0.11 0.10 0.06 0.80 0.446 not applic , or do not know 
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One Two Three F Prob 

VARIABLE No. Mean Mean Mean Value > F Description 

Problem- weeds? 
Q36Cl 403 0.05 0.14 0.08 3.77 0.023 serious problem 
Q36C2 403 0.20 0.23 0.24 0.39 0. 671 medium problem 
Q36C3 403 0.37 0.31 0.34 0.60 0.546 minor 
Q36C4 403 0.29 0.20 0.25 1. 20 0.300 not a problem 
Q36C5 403 0.08 0.08 0.06 0.23 0.792 not a pp lie 
Q36C6 403 0.00 0.00 0.00 0.42 0.652 do not know 
Q36C7 403 0.25 0.38 0.33 2.78 0.063 medium, or serious problem 
Q36C8 403 0.66 0.52 0.59 2. 96 0.052 minor, or not a problem 
Q36C9 403 0.37 0 . 29 0.31 0.94 0.390 not a problem, or not applic. 
Q36C10 403 0.08 0.09 0.07 0.19 0.825 not applic, or do not know 
Problem- stock killing trees? 
Q36Dl 406 0.24 0.19 0.25 0. 71 0.489 serious problem 
Q36D2 406 0.18 0.18 0.14 0.50 0.604 medium problem 
Q36D3 406 0.19 0.26 0.24 0.99 0.369 minor 
Q36D4 406 0.29 0.20 0.25 1. 38 0.252 not a problem 
Q36D5 406 0.08 0.13 0.09 1. 22 0.295 not a pp lie 
Q36D6 406 0.00 0 . 00 0.00 0.89 0 .411 do not know 
Q36D7 406 0.43 0.38 0.40 0.31 0.732 medium, or serious problem 
Q36D8 406 0.48 0.47 0.50 0.13 0.873 minor, or not a problem 
Q36D9 406 0.37 0.34 0.35 0.15 0.858 not a problem, or not applic. 
Q36Dl0 406 0.08 0.14 0.09 1. 54 0.214 not applic, or do not know 
Problem- fire killing trees? 
Q36El 393 0.02 0.00 0.00 3.51 0.030 serious problem 
Q36E2 393 0.05 0.02 0.07 1. 60 0.202 medium problem 
Q36E3 393 0.09 0.14 0.12 0. 92 0. 396 minor 
Q36E4 393 0.57 0.46 0.58 2.35 0.096 not a problem 
Q36E5 393 0. 26 0.35 0.21 3.50 0.031 not applic 
Q36E6 393 0.00 0.00 0.00 0.43 0.646 do not know 
Q36E7 393 0.07 0.02 0.07 1. 86 0.156 medium, or serious problem 
Q36E8 393 0 . 66 0. 61 0 . 70 1. 2 9 0 . 275 minor, or not a problem 
Q36E9 393 0.83 0.81 0.79 0.27 0.756 not a problem, or not applic. 
Q36El0 393 0. 26 0.35 0.21 3.52 0.030 not applic, or do not know 



Cluster Cluster Cluster 
One Two Three F Prob 

VARIABLE No. Mean Mean Mean Value > F Description 

Problem- fire damaging trees? 
Q36Fl 388 0.02 0.02 0.00 0.61 0.540 serious problem 
Q36F2 388 0.04 0.02 0.05 0.98 0.375 medium problem 
Q36F3 388 0 .11 0.16 0 .13 0.61 0.543 minor 
Q36F4 388 0.55 0.43 0.58 3.47 0.032 not a problem 
Q36F5 388 0.25 0.34 0.20 3.26 0.039 not applic 
Q36F6 388 0.00 0.01 0.01 0.88 0.413 do not know 
Q36F7 388 0.06 0.04 0.06 0.41 0.662 medium, or serious problem 
Q36F8 388 0. 67 0.60 0.71 2.10 0.123 minor, or not a problem 
Q36F9 388 0 . 81 0.77 0.79 0.23 0.787 not a problem, or not applic. 
Q36F10 388 0.25 0.35 0.22 3.32 0.036 not applic, or do not know 
Problem- diseases? 
Q36Gl 393 0.09 0.09 0.13 0.68 0.505 serious problem 
Q36G2 393 0 . 10 0.05 0 . 15 3.49 0.031 medium problem 
Q36G3 393 0.14 0.22 0.22 1. 48 0.227 minor 
Q36G4 393 0.41 0.33 0.30 1. 89 0.152 not a problem 
Q36G5 393 0.23 0.28 0.16 2.74 0.065 not applic 
Q36G6 393 0.00 0.00 0.01 2.03 0.131 do not know 
Q36G7 393 0.20 0.15 0.29 3.87 0.021 medium, or serious problem 
Q36G8 393 0.56 0.55 0.52 0.22 0. 795 minor, or not a problem 
Q36G9 393 0.64 0.61 0.46 4.84 0.008 not a problem, or not applic. 
Q36Gl0 393 0.23 0.28 0.18 2.05 0.129 not applic, or do not know 
Problem- insects? 
Q36Hl 420 0.38 0.34 0.37 0.37 0.687 serious problem 
Q36H2 420 0.24 0.20 0.21 0.38 0.678 medium problem 
Q36H3 420 0.24 0.24 0.24 0.00 0.990 minor 
Q36H4 420 0.04 0.07 0 .11 2 .13 0 .119 not a problem 
Q36H5 420 0.07 0.12 0.04 2.84 0.059 not applic 
Q36H6 420 0.00 0.00 0.00 0.44 0.641 do not know 
Q36H7 420 0.63 0.54 0.58 1.13 0.323 medium, or serious problem 
Q36H8 420 0.28 0.32 0.35 0.70 0. 4 93 minor, or not a problem 
Q36H9 420 0.12 0.20 0.16 1. 45 0.233 not a problem, or not applic. 
Q36Hl0 420 0.07 0.13 0.05 2.79 0. 062 not applic, or do not know 
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One Two Three F Prob 

VARIABLE No. Mean Mean Mean Value > F Description 

Problem- birds? 
Q36Il 397 0.04 0.02 0.12 6.83 0.001 serious problem 
Q36I2 397 0 .10 0.07 0.06 0.66 0.514 medium problem 
Q36I3 397 0.23 0.16 0.21 1. 34 0.261 minor 
Q36I4 397 0.40 0.44 0.43 0.25 0.776 not a problem 
Q36I5 397 0.21 0.30 0.14 5.01 0.007 not applic 
Q36I6 397 0.00 0.00 0.00 1. 00 0.367 do not know 
Q36I7 397 0.14 0.09 0.18 2.35 0. 096 medium, or serious problem 
Q36I8 397 0.63 0.60 0.65 0.50 0.602 minor, or not a problem 
Q36I9 397 0.61 0.74 0.58 4.29 0.014 not a problem, or not applic. 
Q36I10 397 0.21 0.30 0.15 4.52 0. 011 not applic, or do not know 
Problem- rabbits? 
Q36Jl 404 0.10 0.12 0.12 0.13 0. 871 serious problem 
Q36J2 404 0.16 0.18 0.24 1.23 0.290 medium problem 
Q36J3 404 0.25 0.27 0.24 0.15 0.858 minor 
Q36J4 404 0.28 0.22 0.29 0.85 0.424 not a problem 
Q36J5 404 0.19 0.17 0.08 3.81 0.022 not applic 
Q36J6 404 0.00 0.00 0.01 0.94 0.391 do not know 
Q36J7 404 0.27 0.31 0.36 1. 26 0.284 medium, or serious problem 
Q36J8 404 0.53 0.50 0.53 0.23 0. 792 minor, or not a problem 
Q36J9 404 0.47 0.40 0.37 1. 36 0.256 not a problem, or not applic. 
Q36J10 404 0.19 0.18 0.09 2.87 0.057 not applic, or do not know 
Problem- kangaroos? 
Q36Kl 387 0.07 0.04 0.08 0.73 0.481 serious problem 
Q36K2 387 0.09 0.14 0.15 1.16 0.314 medium problem 
Q36K3 387 0 . 16 0.21 0.18 0.72 0.485 minor 
Q36K4 387 0.42 0.34 0.39 0.83 0.436 not a problem 
Q36K5 387 0.24 0.23 0.16 1. 4 6 0.231 not applic 
Q36K6 387 0.00 0.00 0.00 0.44 0.643 do not know 
Q36K7 387 0 . 16 0 . 19 0 . 24 1. 07 0.342 me di urn, or serious problem 
Q36K8 387 0 . 58 0 . 56 0 . 58 0 . 0 5 0 . 94 2 minor , or not a problem 
Q3 6K9 3 87 0.66 0.58 0.56 1. 66 0.191 not a problem, or not applic. 
Q36Kl0 387 0.24 0.24 0.17 1.27 0.280 not applic, or do not know 



Cluster 
One 

VARIABLE No. Mean 

chemicals? 
384 0 . 01 
384 0.04 
384 0.15 
384 0.53 
384 0.25 
384 0.00 
384 0.06 
384 0.68 
384 0.78 
384 0.25 

Cluster 
Two 

Mean 

0.00 
0.07 
0.21 
0.42 
0.28 
0.00 
0.07 
0.63 
0.71 
0.28 

Problem
Q36Ll 
Q36L2 
Q36L3 
Q36L4 
Q36L5 
Q36L6 
Q36L7 
Q36L8 
Q36L9 
Q36L10 
Problem
Q36Ml 
Q36M2 
Q36M3 
Q36M4 
Q36MS 
Q36M6 
Q36M7 
Q36M8 
Q36M9 
Q36M10 

unknown causes? 
310 0.02 
310 0 . 09 
310 0.23 
310 0.46 
310 0.17 
310 0.01 
310 0.11 
310 0.69 
310 0.64 
310 0.18 

0.00 
0.06 
0.28 
0.35 
0.27 
0.00 
0.07 
0.63 
0.63 
0.28 

Cluster 
Three 
Mean 

0.01 
0.03 
0.19 
0.58 
0.16 
0.00 
0.04 
0.77 
0.75 
0.17 

0.05 
0.15 
0.21 
0.38 
0.18 
0.00 
0.21 
0.59 
0.56 
0.19 

Any problems this year growing trees? 
Q37A_l 420 0.51 0.43 0.51 
If yes, please describe: 
Q37BA 207 0.38 0.29 
Q37BB 
Q37BC 
Q37BD 
Q37BE 
Q37Cl 

207 0.13 
207 0 . 05 
207 0.01 
207 0.58 
270 0.52 

0.34 
0.10 
0.00 
0.53 
0.58 

0.37 
0.13 
0.06 
0.01 
0.59 
0.59 

F 
Value 

1.14 
1. 30 
0.79 
3.85 
2.79 
0.97 
0.40 
3.16 
0.94 
2 .40 

2.42 
2 . 45 
0.91 
1. 38 
2.04 
0.00 
4.81 
1. 04 
0.69 
1. 93 

1. 21 

0.63 
6.32 
0.53 
0.48 
0.28 
0.53 

Prob 
> F 

0.320 
0 .271 
0.453 
0.022 
0.062 
0.377 
0.664 
0.043 
0.391 
0.091 

0.090 
0.087 
0.399 
0.252 
0.131 
0.993 
0.008 
0.351 
0.499 
0.145 

0. 297 

0.531 
0.002 
0.586 
0.619 
0.749 
0.585 
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Description 

serious problem 
medium problem 
minor 
not a problem 
not applic 
do not know 
medium, or serious problem 
minor, or not a problem 
not a problem, or not applic. 
not applic, or do not know 

serious problem 
medium problem 
minor 
not a problem 
not applic 
do not know 
medium, or serious problem 
minor, or not a problem 
not a problem, or not applic. 
not applic, or do not know 

insects, pests, weeds, disease 
time, labour, finances 
stock 
advice 
other 
Have you had this problem before? 



Cluster Cluster Cluster 
One Two Three F Prob 

VARIABLE No. Mean Mean Mean Value > F Description 

What holds you back from solving this? 
Q37DA 297 0.24 0.22 0.21 0.12 0.879 not applic. here 
Q37DB 297 0.27 0.37 0.25 1. 98 0.138 time management 
Q37DC 297 0.18 0.18 0.16 0.12 0.884 other priorities 
Q37DD 297 0 .13 0.17 0.15 0.39 0.677 finance 
Q37DE 297 0 .11 0.13 0.25 4.13 0.017 lack of technical solutions 
Q37DF 297 0.38 0.30 0.37 0. 62 0.536 outside of my control 
Q37DH 297 0.38 0.28 0.36 0.99 0.369 finance, time or money 
Q37DI 297 0.42 0.40 0.37 0.26 0.766 not applicable here, or other priorities 
Q37DJ 297 0.48 0.41 0.56 2.16 0 .116 lack of tech. solution, or outside my control 
Main tree losses: when? 
Q37EA 328 0.30 0.38 0.23 2.59 0.076 winter, spring 
Q37EB 328 0.72 0. 71 0.76 0.48 0.619 summer 
Q37EC 328 0.08 0.04 0.10 1. 28 0.278 after 3 months 
Q38Al 370 0.83 0.84 0.89 0.96 0.381 Know anyone using shrubs or trees: success? 
Q38A_l 262 0.64 0.64 0.65 0.03 0.970 Know anyone successful using shrubs for af? 
Q38A_2 354 0.80 0.80 0.87 1. 37 0.253 Know anyone successful using trees for af? 
Q38A_All 220 0.41 0.46 0. 4 9 0.49 0.612 Know anyone successful using shrubs vs land degr. 
Q38A_A22 323 0.68 0.70 0.77 1.19 0.303 Know anyone successful using trees vs land degr. 
Q38A_Bll 191 0.14 0.26 0.17 1. 52 0.220 Know anyone successful using shrubs-increase inc om 
Q38A_B22 247 0.23 0.30 0.30 0.69 0.502 Know anyone successful using trees-increase income 
Q38A_Cll 216 0.49 0.52 0.50 0.05 0.944 Know anyone successful using shrubs-shade, shelter 
Q38A_C22 308 0.78 0.77 0.84 1. 05 0.350 Know anyone successful using trees-shade, shelter 
Q38A_Dll 189 0.28 0.28 0.28 0.00 0.998 Know anyone successful using shrubs-reveg. bush 
Q38A_D22 253 0.30 0.39 0.50 3.49 0.031 Know anyone successful using trees-reveg. bush 
Q38A_Ell 205 0.33 0.38 0.29 0.70 0.495 Know anyone successful using shrubs-drought feed 
Q38A_E22 249 0.28 0.40 0.21 3.69 0.026 Know anyone successful using trees-drought feed 



Cluster Cluster Cluster 
One Two Three F Prob 

VARIABLE No. Mean Mean Mean Value > F Description 

How willing: f arm trees? 
Q39A_A 431 0 . 33 0.38 0.34 0.47 0. 620 very 
Q39A_ B 431 0 . 45 0.41 0.41 0.25 0.775 time limits 
Q39A_ C 431 0 . 00 0.00 0.00 0 . 43 0.645 advice limits 
Q39A_D 431 0.05 0.04 0.06 0.41 0.663 finance limits 
Q39A_E 431 0.16 0.14 0.16 0.08 0.917 unwilling 
Q39A_F 431 0.83 0.83 0 . 81 0 .11 0.893 time, or advice, or finance limit 
How much time? 
Q39B_A 310 0.56 0.60 0.62 0.37 0.686 not much, e.g. 1-10 days/yr. 
Q39B_ B 310 0.32 0.34 0.35 0 .11 0.888 not enough, e.g. 11-28 days/yr. 
Q39B_C 310 0 .13 0.13 0.10 0.40 0.668 reasonable, e.g. >28 days/yr. 
Q39B_D 310 0 . 01 0.00 0.00 0.56 0.568 do not know 
Q39B_E 310 0.01 0.01 0.01 0.10 0.905 none 
Q39B_F 310 0 . 44 0.40 0.38 0.39 0. 671 > 11 days/yr. 
Q39B G 310 0.57 0.60 0.62 0 . 25 0.775 < 10 days/yr. 
Any technical he lp you can use? 
Q39Cl 315 0 . 42 0.43 0.54 1. 89 0.152 
If yes, describe : 
Q39DA 133 0 . 42 0.41 0.24 2.24 0.109 species 
Q39DB 133 0.05 0.17 0.18 1. 79 0.170 advice, general info & support 
Q39DC 133 0.26 0.21 0.33 0.77 0. 4 63 planting & management asst. 
Q39DD 133 0.10 0.04 0.03 0.97 0.378 consultants 
Q39DE 133 0.34 0.36 0.14 3.59 0.030 weed , or pest control [composite] 
Q39DF 133 0.05 0.00 0.05 1.15 0.318 economics 
Q39DG 133 0.05 0.04 0.09 0 . 44 0.643 direct seeding 
Q39DH 133 0 . 05 0.02 0.05 0.29 0.747 problem specific 
Q39DI 133 0 . 02 0 . 00 0 . 01 0 . 49 0 . 613 time, or money [composite] 

83 



Cluster Cluster Cluster 
One Two Three F 
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> F Description 

APPENDIX 8: ANOV A OUTPUTS FOR FAMILY STRUCTURE, INDEBTEDNESS AND DECISION-MAKING SURVEY 
QUESTIONNAIRE 



Cluster Cluster Cluster 
One Two Three F Prob 

VARIABLE No . Mean Mean Mean Value > F Description 

Who makes decisions on agroforestry? 
Q24Al 457 0.86 0.87 0.87 0.03 0. 961 myself 
Q24A2 457 0.00 0.00 0.00 0.50 0.606 employee 
Q24A3 457 0.05 0.04 0.08 1. 40 0.246 son/daughter 
Q24A4 457 0.25 0 . 29 0. 29 0.52 0.592 spouse 
Q24A5 457 0.08 0.05 0.02 3 .11 0.045 manager/owner 
Q24A6 457 0.02 0.01 0.04 1.10 0.330 family 
Q24A7 457 0.00 0.01 0.00 0.83 0.434 partner 
Q24A8 457 0.01 0.02 0.04 1. 47 0.231 bros/sis/pa 
Q24A9 457 0.00 0.00 0.01 2.06 0.128 father/brother in law 
Who makes decisions- aesthetics? 
Q24Bl 455 0.68 0.72 0.67 0.51 0.600 myself 
Q24B3 455 0.04 0.04 0.05 0.14 0.867 son/daughter 
Q24B4 455 0.51 0.50 0.55 0.36 0.697 spouse 
Q24B5 455 0.07 0.04 0.01 2.93 0.054 manager/owner 
Q24B6 455 0.02 0.02 0.03 0.23 0.791 family 
Q24B7 455 0.00 0.00 0.00 1.11 0.329 partner 
Q24B8 455 0 . 01 0.02 0.03 0.57 0.563 bros/sis/pa 
Q24B9 455 0.00 0.00 0.00 1. 02 0.358 father/brother in law 
Who makes decisions- farm management? 
Q24Cl 458 0.81 0.87 0.85 1. 06 0.346 myself 
q24C2 458 0.00 0.01 0.00 1. 73 0.177 employee 
Q24C3 458 0.05 0.05 0.06 0.08 0.918 son/daughter 
Q24C4 458 0.19 0.22 0.17 0.49 0.613 spouse 
Q24C5 458 0.06 0.05 0.05 0.08 0.919 manager/owner 
Q24C6 458 0.00 0.02 0.04 2.82 0.060 family 
Q24C7 458 0.01 0.01 0.01 0.05 0.942 partner 
Q24C8 458 0.02 0.04 0.05 1.11 0.329 bros/sis/pa 
Q24C9 458 0.00 0.00 0.00 1. 04 0.351 father/brother in law 
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One Two Three F Prob 

VARIABLE No. Mean Mean Mean Value > F Description 

How many people including yourself did 
this farm directly support in 1989? 
Q51Al 112 0.43 0.52 0.44 0.34 0.712 < 4 
Q51A2 112 0.46 0.35 0.41 0.47 0.622 5-7 
Q51A3 112 0.09 0 .11 0.13 0.13 0.874 > 8 
Q51A4 112 0.90 0.88 0.86 0 .13 0.874 <= 7 
Q51A5 112 0.09 0.09 0 .13 0.19 0.827 1 or 2 
Were you married in 1989? 
Q51B 112 0.9 1. 0 0.9 0.98 0.377 
Do you have children? 
Q51C 112 0. 92 0.92 0.89 0.13 0. 871 
How many were pre-schoolers? 
Q51Dl 112 0.75 0.78 0.72 0.17 0.839 none (0) 
Q51D2 112 0.24 0. 21 0.27 0.17 0.839 >= 1 
How many were living at home and away at school? 
Q51EO 112 0.19 0 .11 0.17 0.45 0.634 none ( 0) 
Q51El 112 0.09 0.07 0.20 1. 64 0.197 1 
Q51E2 112 0.31 0.50 0.34 1. 64 0.197 2 
Q51E3 112 0.17 0.14 0 .13 0.08 0.914 3 
Q51E4 112 0.21 0.16 0.13 0.41 0.664 >= 4 
Q51E5 112 0.29 0.19 0.37 1. 57 0.212 <= 1 
Q51E6 112 0.60 0.69 0.72 0.55 0.573 1 or 2 
Q51E7 112 0.78 0.83 0.86 0.41 0.664 <= 3 
Q51E8 112 0.80 0.88 0.82 0.45 0.634 >= 1 
How many were children away at boarding school or university? 
Q51Fl 112 0.65 0.64 0.79 1. 01 0. 364 none (0) 
Q51F2 112 0.24 0.16 0.06 1. 85 0.160 1 
Q51F3 112 0.04 0.14 0.10 1. 03 0.359 2 
Q51F4 112 0 . 04 0.04 0.03 0.04 0.954 >= 3 
Q51F5 112 0 . 90 0 . 80 0.86 0.72 0 . 486 <= 1 
Q51F6 112 0 . 95 0 . 95 0 . 96 0 . 04 0 . 954 <= 2 
Q5 1F7 112 0.34 0.35 0. 2 0 1. 01 0.364 >= 1 



Cluster Cluster Cluster 
One Two Three F Prob 

VARIABLE No. Mean Mean Mean Value > F Description 

Family stage: 
Q51FS1 111 0.46 0.50 0.53 0.17 0.841 early family stage 
Q51FS2 111 0.39 0.40 0.28 0.56 0. 571 middle family stage 
Q51FS3 111 0.14 0.09 0.17 0.52 0.593 late family stage 
Q51FS4 111 0 . 85 0.90 0 . 82 0.52 0.593 early or middle family stage 
Q51FS5 111 0 . 53 0.50 0.46 0 . 17 0 . 841 middle or late family stage 
QAGE40 654 0.43 0.43 0 . 45 0.06 0.938 Responder's age: less than 40 years (QlA) 
FS 111 1. 6 1. 5 1. 6 0.15 0 . 855 Family stage 
How many fin i shed school by 1989 
and a re worki ng here now? 
Q51Gl 112 0 . 63 0. 71 0.68 0 . 31 0.734 none (0) 
Q51G2 112 0.24 0.23 0.24 0.00 0.998 1 
Q51G3 112 0.04 0.04 0 . 03 0.04 0.954 2 
Q51G4 112 0.07 0.00 0.03 1. 61 0.203 >= 3 
Q51G5 112 0.87 0.95 0.93 0.80 0.452 <= 1 

Q51G6 112 0 . 9 1. 0 0.9 1. 61 0.203 <= 2 
Q51G7 112 0 . 36 0.28 0.31 0 . 31 0.734 >= 1 
How many left the f a rrn? 
Q51HO 112 0 . 65 0.69 0. 72 0.16 0.846 none (0) 
Q51Hl 112 0 . 19 0.19 0.03 2 . 11 0.125 1 
Q51H2 112 0 . 02 0 . 04 0.06 0.39 0.674 2 
Q51H3 112 0.09 0 . 04 0.03 0 . 69 0.502 3 
Q51H4 112 0.02 0.02 0.13 2.81 0 . 064 >= 4 
Q51H5 112 0 . 85 0.88 0 . 75 0.99 0.374 <= 1 
Q51H6 112 0 . 87 0 . 92 0 . 82 0.85 0 . 428 <= 2 
Q51H7 112 0.97 0.97 0.86 2.81 0.064 >= 1 
Fami l y: older dependents 
(at boar ding school or university)? 
QSlI 112 0 . 56 0.52 0.44 0 . 42 0.652 
Famil y : young and old dependents 
Q51J 112 0.73 0.69 0 . 68 0 . 10 0.900 
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Cluster 
One 

VARIABLE No. Mean 

Cluster 
Two 

Mean 

Cluster 
Three 
Mean 

Do you have any non-farm experience 
in another job? 
Q52A 112 0.48 
Q52AB 
Q52B 
If yes, 
Q52Cll 
Q52C12 
Q52Cl3 
Q52C21 
Q52C22 
Q52C23 

112 
112 

0.65 
0.51 

what type? 
112 0.29 
112 0. 02 
112 0 .19 
112 0.24 
112 0.12 
112 0.24 

a.so 
0.88 
0.64 

0.23 
0.09 
0.16 
0. 26 
0.21 
0.38 

Involved in outside paid work? 
Q52D 112 0.17 0.14 
Q52DE 112 0.34 0.38 
Q52E 112 0.24 0.30 

0.51 
0.79 
0.62 

0.34 
0 .13 
0.17 
0.27 
0.27 
0.27 

0 .13 
0.31 
0.27 

Involved in outside voluntary activities? 
Q52F 112 0.75 0.78 0.68 
Spouse involved in voluntary activities? 
Q52G 112 0.65 0.71 0.75 

F 
Value 

0.02 
3.07 
0.80 

0.47 
1. 58 
0.06 
0.04 
1. 33 
0.98 

0.08 
0.19 
0.21 

0.42 

0.41 
Does this farm operate on an extended family basis 
Q53A 112 0.51 0.33 0.41 1.36 
Did you use contract labour in 1989? 
Q53B 112 0.8 0.9 1.0 2.31 
Did you use other non-family labour? 
Q53C 112 0.46 0.59 0.48 0.80 
Does anyone have a veto over farm decisions? 
Q54A 112 0.04 0.11 0.20 2.09 
If yes, by whom? 
Q54Bl 112 0.97 
Q54B2 112 0.0 2 
Q54B3 112 0.00 

0 . 85 
0 . 04 
0.09 

0 . 82 
0 .1 0 
0.06 

2 . 43 
1. 06 
1. 96 

Prob 
> F 

0.971 
0.050 
0.451 

0. 621 
0.209 
0.941 
0.955 
0.266 
0.377 

0.914 
0.826 
0.804 

0.657 

0.662 

0.260 

0.103 

0.448 

0.128 

0.092 
0 . 349 
0.145 

Description 

Husband, or wife with non farm job exper. 
Spouse with non-farm job experience? 

myself :rural non-farm job experience 
myself :urban non-farm job experience 
myself :mixed, rural or urban non-farm job exper. 
spouse: rural non-farm job experience 
spouse: urban non-farm job experience 
spouse: mixed, rural or urban non-farm job exper. 

responder or spouse: paid non-farm work? 
spouse-outside paid non-farm work? 

nobody has veto 
family veto 
non-family veto 



Cluster Cluster Cluster 
One Two Three F Prob 

VARIABLE No. Mean Mean Mean Value > F Description 

Level of equity you had in this farm business in 1989? 
Q55Al 109 0.27 0.25 0.44 1. 74 0 .17 9 <= 80% 
Q55A2 109 0.30 0.37 0.20 1.11 0.330 81-90% 
Q55A3 109 0.42 0.37 0.34 0.23 0.789 91-100% 
Q55A4 109 0.57 0.62 0.65 0.23 0.789 <= 90% 
Of your total outlay in 1989, what percentage was interest? 
Q55Bl 107 0.53 0.67 0.46 1. 62 0.202 <= 10% 
Q55B2 107 0.20 0.17 0.25 0.27 0.758 10-19% 
Q55B3 107 0.25 0.15 0.28 1. 04 0.355 20-100% 
Q55B4 107 0.74 0.85 0. 71 1. 04 0.355 <20% 
Of your gross expenditure on loans in 1989, 
what percentage was interest for land purchase? 
Q55Cl 106 0.57 0.57 0.50 0.21 0.804 none (0%) 
Q55C2 106 0.17 0.22 0.19 0.15 0.855 1-90% 
Q55C3 106 0.25 0 . 20 0.30 0.48 0.615 >90% 
Of your gross expenditure on loans in 1989, 
what percentage was interest on other investments? 
Q55Dl 106 0.60 0.55 0.65 0.34 0.706 none (0%) 
Q55D2 106 0.32 0.27 0. 26 0.16 0.851 1-90% 
Q55D3 106 0.07 0.17 0.07 1. 21 0.300 >90% 
Of your gross expenditure on loans in 1989, 
what percentage was interest for production inputs? 
Q55El 106 0.52 0.55 0.53 0.02 0.975 none (0%) 
Q55E2 106 0.27 0.35 0.26 0.34 0.708 1-90% 
Q55E3 106 0.20 0.10 0.19 0.86 0.425 >90% 

89 



APPENDIX 9 · DEPENDENT VARIABLE FREQUENCY OUTPUTS 

Original dependent 
variables (see Chapter 3.2) 

Continuous variable s 
Label 

Bush as percent of MIE propercy (LOG) 
Percentage of bush grazed 
Number of trees planted pre 1987 (LOG) 
Number of trees planted in 1987 (LOG) 
% of bush on MIE fenced from stock (LOG) 

Binary variables 

N 

589 
589 
539 
437 
317 

Mean 

0 . 9393902 
59 . 7092918 

2 . 7383811 
2 . 3712383 
0 . 9856419 

Std Dev 

0 . 4541811 
40 . 7826626 

0 . 7328350 
0 . 6713087 
0 . 6910820 

Shrub and tree growing only on discharge areas 
and waterways in 1988 (yes/no) 

0 
l 

Frequency Percent 

345 88 . 5 
45 11.5 

Frequency Missing 

Cumulative Cumulative 
Frequency 

345 
390 

265 

Per:::ent 

88.5 
100 . 0 

Shrubs Planted pre-1987 through 1988 (yes/no) 

SHRUBS 

0 
l 

Cumula tive Cumulative 
Frequency Percent 

419 76 . 5 
129 23 . 5 
Frequency Missing 

Frequency 

419 
548 

107 

Percent 

76 . 5 
100 . 0 

Minimum 

-0 . 9030900 
0 

1 . 6989700 
1 . 6989700 

0 

Original composite dependent Variables 
{see Chapter 3.2) 

Variable 

AFl 
AF2 
AF3 
AF AVGE 

Key 

N Mean 

175 2.8571429E-6 
175 3 . 4285714E-6 
175 -1 . 714286E-6 
175 l . 9867086E-6 

AFl bush management 

Std Dev 

1 . 0000022 
1 . 0000003 
0 . 9999998 
0 . 5920656 

Minimum 

-1 . 9472000 
-2 . 0119000 
-2 . 0578000 
-1.5472409 

Maximum 

1 . 9431000 
1 . 9856000 
3 . 4182000 
1.3934655 

AF2 tree growing on farmed land 

AF3 shrub and tree growing on discharge areas and waterways 

AF AVGEoverall involvement in agroforestry 

Continuous variables 

Variable Label N 

Alternative approach dependent 
variables (see Chapter 7.5.2) 

Mean Std Dev Minimum Maximum 

Maximum 

2 . 0000000 
100 . 00000 00 

4 . 096910 0 
4 . 0969 100 
2 . 0000000 

---------------------------------------------------------------------------------------------
CLEARPCT 
LBUSHPCT 
LQ35A 
GPJ>.Z ING 
LR PRE87 
LR-87 

-
LR 88 

Key : 

CL EARP CT 

LBUSHPCT 

L 35JI. 

GRAZil\G 

LR PRE87 

LR 87 

LR SC:. 

(LOG) 
(LOG) 
(LOG) 

(LOG) 
(LOG ) 
(LOG) 

520 31 . 5976786 39.4083203 0 100 . 0000000 
589 0 . 9393902 0 . 4541811 -0 . 9030900 2 . 0000000 
317 0 . 9856419 0 . 6910820 0 2 . 0000000 
589 59 . 7092918 40 . 7826626 0 100 . 0000000 
433 -1 . 1031650 0 . 535414'.l -2 . 2773800 1 . 3979400 
398 -0 . 6534673 0 . 7285348 -2. 3231306 1 . 6169031 
388 -0 . 2488513 '.J . 799900·5 -2 . 1931246 2 . 5689640 

Bush area (ha) potentially clearable for cropping or grazing as ercent3ge of 

Bush area on ma.in income earning property (MIE) 

3ush area (ha) as percentage of MIS p:::-•)perty 

Percentage of bush area fenced from livestock stock 

Percentage of bush area grazed 

Number of c ree planted per year as pe:::-:enc.age of cleared la.r.d before l 987 

Nu:nber of i::ree planted ~er year- as pe.::- :enc.age of c:lea:::-ed land :'..n :._ '33 7 

Number of ~ree plan~ed pe~ year as per- :e;i': age of cleared :i.and in J.958 
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Ordinal and binary variables 

Shrubs planted pre-1987 through 88 (yes/no) 
Cumulative Cumulative 

SHRUBS 

0 
1 

Frequency Percent 

419 76.5 
129 23 . 5 
Frequency Missing 

Frequency 

419 
548 

107 

Shrub and tree planting only on d i schar ge areas 
a nd waterways in 1988 (yes/no ) 

Percent 

76 . 5 
100 . 0 

Cumulative Cumulat i ve 
Q13BSALT 

0 
1 

Frequency Percent Frequency Percent 

345 88 . 5 
45 11. 5 

Frequency Missing 

345 
390 

265 

88 . 5 
1 00 . 0 

Cons cious effort to apply agroforestry practices 
Cumulative Cumulative 

CONSEFRT Frequency Percent Frequency Pe r cent 

0 74 11 . 5 74 11. 5 
1 154 24 . 0 228 35 . 6 
2 166 25 . 9 3 94 61. 5 
3 143 22 . 3 537 83 . 8 
4 65 10 . 1 602 93 . 9 
5 39 6 . 1 641 100 . 0 

Frequency Missing 14 

Experience with growing farm t r ees 
Cumulative Cumu l ative 

QlOB_R Frequency Percent Frequency Percen t 

1 113 17 . 6 113 1 7 . 6 
2 132 20 . 6 245 38 . 2 
3 351 54.7 596 92.8 
4 46 7 . 2 642 100 . 0 

Frequency Missing 13 

Perceived success with growi ng farm trees 
Cumulative Cumulat i ve 

SUCCESS Frequency Percent Frequency Percent 

0 2 0 . 4 2 0 . 4 
0 . 5 1 0 . 2 3 0 . 7 

1 1 0 . 2 4 0 . 9 
1. 5 4 0 . 9 8 1. 8 

2 31 6 . 9 39 8 . 7 
2.5 13 2.9 52 11. 6 

3 49 10 . 9 101 22 . 5 
3 . 5 33 7 . 4 134 29 . 9 

4 226 50 . 4 360 80 . 4 
4 . 5 42 9 . 4 402 89 . 7 

5 46 1 0 . 3 44 8 100.0 
Frequency Missing 207 

Alternative approach composite dependent 
variables (see Chapter 7.5.2) 

Variable N Mean 

DEPi 291 -6 . 872852E-7 
DEP2 291 3 . 4364261E-7 
D~P3 291 1 . 3745704E-6 
DEP AVGE 291 2 . 0549828E-7 

Std Dev 

1 . 0000000 
1 . 0000010 
1 . 0000011 
0 . 5856564 

Minimi_;m 

-2 . 7403000 
-2 . 5206000 
-2 . 5798000 
-l .7417335 

Key 

DEPl 

DEP2 

DEP3 

tree planting on farmed land and bush retention 

who le farm shrub and tree growing 

bush retenti o n with limited tree growing experience 

CEP AVGE overall involvement in agrofores_ry 
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Maximum 

4 . 4992000 
2.6388000 
2 . 3803000 
1 . 8149390 



APPENDIX 10 : INDEPENDENT VARIABLE FREQUENCY OUTPUTS 

Original Independent Variables (Chapters 4-6) 

Socioeconomic Characteristics of Farmers 
and Farm Families (see Chapter 4.lB) 

Farmed for more than forty years 

QlBlH 

0 
1 

Cumulative Cumulative 
Frequency Percent Frequency Percent 

587 90 . 2 
64 9 . 8 
Frequency Missing 

587 
651 
4 

90 . 2 
100 . 0 

Farm size less than lOOOha 

Q4B_B Frequency Percent 

0 419 65 . 2 
224 34 . 8 

Cumulative Cumulative 
Frequency Percent 

65.2 
100 . 0 

Frequency Missing 

419 
643 
12 

Education level reached : agricultural 
college or university 

Cumulative Cumulative 
Ql9A_P33 Frequency Percent Frequency Percent 

0 
1 

Mainly sheep enterprise 
type (meat and wool) 

381 78 . 9 
102 21.1 

Frequency Missing 

381 
483 

172 

78 . 9 
100 . 0 

Cumulative Cumulative 
TYPE3 Frequency Percent Frequency Percent 

0 
1 

458 75 . 0 
153 25 . 0 

Frequency Missing 

Current goals : expand property 
(with history of property expansion) 

458 
611 
44 

75 . 0 
100 . 0 

Cumulative Cumulative 
Q22B_lA Frequency Percent Frequency Percent 

0 
1 

500 78 . 6 
136 21. 4 
Frequency Missing 

Current goals : not expand property 
(with history of property expansion) 

500 
636 

19 

78.6 
100 . 0 

Cumulative Cumulative 
Q22B_ lC 

0 
1 

Frequency Percent Frequency 

421 66 . 2 
215 33.8 
Frequency Missing 

421 
636 

19 

92 

Percent 

66 . 2 
100.0 



Famiiy structure, Indebtedness, and 
Decision-making (see Chapter 4.2B) 

One or more pre-schoolers 

5102 

0 
1 

Frequency Percent 

85 75 . 9 
27 24 . 1 

Cumulative Cumulative 
Frequency Percent 

75 . 9 
100 . 0 

Frequency Missing 

85 
112 

543 

Older dependents at boarding 
5chool or university (composite) 

Q51I 

0 
1 

Frequency Percent 

54 48 . 2 
58 51. 8 

Cumulative Cumulative 
Frequency Percent 

48.2 
100 . 0 

Frequency Missing 

54 
112 

543 

Have non-farm experience 

Q52AB 

0 
1 

Frequency Percent 

24 21.6 
87 78 . 4 

Cumulative Cumulative 
Frequency Percent 

21. 6 
100 . 0 

Frequency Missing 

24 
111 

544 

Have paid , non-farm income 

Q52DE 

0 
l 

Extended family 

Q53A 

0 
1 

Frequency Percent 

73 65.2 
39 34.8 

Cumulative Cumulative 
Frequency Percent 

65 . 2 
100.0 

Frequency Missing 

73 
112 

543 

Frequency Percent 

65 58. 0 
47 42 . 0 

Cumulative Cumulative 
Frequency Percent 

58 . 0 
100.0 

Frequency Missing 

65 
112 

543 

Use non-family labour 

Q53C 

0 
1 

Frequency Percent 

54 4 8 . 2 
58 51. 8 

Cumulative Cumulative 
Frequency Percent 

48 .2 
100 . 0 

Frequency Missing 

54 
112 

543 

Early family stage - all 
under school leaving age 

Q51FS1 

0 

Late family stage 

Q51FS3 

0 
1 

Cumulative Cumulative 
Frequency Percent Frequency Percent 

56 50 . 5 
55 4 9 . 5 

Frequency Missing 

56 
111 

544 

50 . 5 
100.0 

Cumulative Cumulative 
Frequency Percent 

96 86 . 5 
15 13 . 5 

Frequency Missing 

Frequency 

% 
111 

544 

Percent 

86 . 5 
100 . 0 

One or more pre-schoolers 

Q51D2 

0 
1 

Frequency 

84 .,., 
L. . 

Pe:::-cen_ 

75 . 7 
24.3 

Cumu l at!ve Cumulative 
Per:::ent 

15 . -; 
10 0 . 0 

Frequency Miss!~g 5 4~ 
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Older dependents at boarding school 
or university (composite) 

Cumulative Cumulative 
Q51I 

0 
1 

Frequency Percent Frequency 

54 48. 6 
57 51. 4 
Frequency Missing 

54 
111 

544 

Percent 

48.6 
100 . 0 

Technicai Information and Incentives 
for Agroforestry (see Chapter 5.lB) 

Written professional sources 
for agroforestry information 

Cumulative Cumulative 
Ql9B_B 

0 
1 

Frequency 

192 
273 

Percent 

41. 3 
58.7 

Frequency 

192 
465 

Frequency missing 190 

Incorrecc understanding of windbreak theory 
(<2 tree heights downwind protection) 

Percent 

41. 3 
100 . 0 

Cumulative Cumulative 
Ql6CA Frequency Percent Frequency Percent 

0 
1 

S71 91.9 
so 8.1 

Non-farm friends used for 
agroforestry information 

Frequency Missing 

571 
621 
34 

91. 9 
100 . 0 

Cumulative Cumulative 
Q20C 

0 
1 

Frequency Percent Frequency Percent 

SSS 91. 7 
so 8 . 3 
Frequency Missing 

555 
605 
50 

91. 7 
100.0 

CALM used for agroforestry 
information 

Q20F 

0 
1 

Frequency Percent 

440 72 . 7 
165 27 . 3 

Cumulative Cumulative 
Frequency Percent 

72 . 7 
100.0 

Frequency Missing 

440 
605 
50 

Rural press , videos, books 
used for agroforestry information 

Q20J 

0 
1 

Frequency Percent 

244 40 . 3 
361 59 . 7 

Cumulative Cumulative 
Frequency Percent 

40 . 3 
100.0 

Frequency Missing 

244 
605 
50 

Bush fencing financial 
incentives needed 

Q35B 

0 
1 

Frequency Percent 

90 20 . 6 
347 79 . 4 

Cumulative Cumulative 
Frequency i?ercent 

2') . 6 
10 0 . 0 

Frequency Missing 

90 
43~ 

218 

Attitudes to Agroforestry Practices 
and Management (see Chapter 5.2B) 

How much agroforescry experience - none at all 

Q108_15 

0 

Frequency Percent 

530 82 .4 
113 17 . 6 

Cumulative C~mulative 

Frequency Percent 

82 .4 
1 JO. 0 

Frequency Missing 

530 
~43 

12 

94 



Main reason for trees pre-1987 
area and waterway reclamation 

discharge 

Cumulative Cumulative 
QllD_C 

0 
1 

Frequency Percent 

366 69 .4 
161 30.6 
Frequency Missing 

Frequency 

366 
527 

128 

Percent 

69 . 4 
100 . 0 

Sees need for salinity and water control practices 
Cumulative Cumulative 

Q17A27 Frequency Percent Frequency Pe rcent 

0 
1 

170 
4 63 

26 . 9 
73 . 1 

170 
633 

Frequency Missing 22 

26.9 
100 . 0 

Does not know if bush regenerati o n 
o r aesthetic plantings economic 

Q28A270 

0 
1 

Cumulative Cumulative 
Frequency Percent Frequency Percent 

384 85 .1 
67 14.9 

Frequency Missing 

384 
451 

204 

85.1 
100 . 0 

Bush regeneration and wildlife corridors : 
economically non-applicable 

Q28A271 

0 
1 

Cumulative Cumulative 
Frequency Percent Frequency Percent 

407 90.2 
4 4 9 . 8 

Frequency Missing 

407 
451 

204 

90.2 
100 . 0 

Sees need for agroforestry field days 

Q33C 

0 
l 

Frequency Percent 

243 58.3 
174 41.7 

Cumulative Cumulative 
Frequency Percent 

58.3 
100.0 

Frequency Missing 

243 
417 

238 

Discussed agroforestry with few others 

Q33E 1 

0 
1 

Cumulative Cumulat ive 
Frequency Percent 

185 46.8 
210 53.2 
Frequency Missing 

Frequency 

185 
395 

260 

Percent 

46.8 
100.0 

Most important current interest : 
shelter to prote~t crops and soils 

2385 

0 
1 

Cumulative Cumulative 
Frequency Percent Frequency Percent 

224 51.3 
213 48.7 
Frequency Missing 

224 
437 

218 

51. 3 
100.0 

Management Deci s i on-maki ng Influences 
on Agroforestry Involvement (see Chapter 5.3B) 

Main income earning property 
>40 years old 

Q2A_5 

0 
1 

Cumulative Cumulative 
Frequency Percent Freq ency Percent 

463 72.2 
178 27 . 8 

Frequency Missing 

41)3 
641 
14 

72 . 2 
100 . 0 

Most shrub and tree growing 
on main in ome ea r ning property 

Q7A_lB 

0 

Freqi.1ency 

540 
88 

Percen_ 

86.0 
14. C 

Ci..;mulative 
Frequency 

s~c 

620 
Frequency Missing 27 

95 

Cumulative 
Percent 

86 . 0 
100 . 0 



Budgeting for bush management 
and farm tree growing 

Q7D 

0 
1 

Cumulative Cumulative 
Frequency Percent Frequency Percent 

335 52 . 5 335 
303 47.5 638 

Frequency Missing= 17 

52 . 5 
100 . 0 

Water control oriented 
agroforestry practices 

Q31A16 

0 
1 

Cumulative Cumulative 
Frequency Percent 

329 75 . 3 
108 24 . 7 
Frequency Missing 

Frequency 

329 
437 

218 

Percent 

75 . 3 
100 . 0 

Property value imp r ovement 
oriented agroforestry practices 

Q31A12 

0 
1 

Cumulative Cumulative 
Frequency Percent 

307 70 . 3 
130 29 . 7 
Frequency Missing 

Frequency 

307 
437 

218 

Percent 

70 . 3 
100 . 0 

Bush regenertion oriented 
agroforestry practices 

Q31A18 

0 
1 

Cumulative Cumulative 
Frequency Percent Frequency Percent 

357 81.7 357 
437 

218 

81. 7 
100 . 0 80 18 . 3 

Frequency Missing 

Biophysical Characteristics 
of Survey Farms (see Chapter 6.1B) 

Property cleared 1941-60 

Q2B_2 

0 
1 

Cumulative Cumulative 
Frequency Percent Frequency Percent 

449 75.6 
145 24 . 4 

Frequency Missing 

449 
594 
61 

75 . 6 
100 . 0 

Property cleared 1971-present 

Q2B_4 

0 
1 

Cumulative Cumulative 
Frequency Percent Frequency Percent 

503 84 . 7 
91 15 . 3 
Frequency Missing 

503 
594 
61 

84 . 7 
100 . 0 

Land remaining to be cleared <5% 

Q2CTH 

0 

Frequency Percent 

218 37 . 1 
370 62 . 9 

Cumulative 
Frequency 

Frequency Missing 

218 
588 
67 

Cumulative 
Percent 

37 . 1 
100 . 0 

Rainfa~l last 5 years <350mm 

Q3A_l 

0 
1 

Frequency 

381 
262 

Percent 

59 . 3 
40 . 7 

Cumulative Cumulative 
Frequency 

381 
643 

Percent 

53 . 3 
100 . 0 

Frequency Missing 12 

Light lo medium soil types 

Q5 lA 

0 
1 

Frequency Percent 

512 78 . 9 
137 21.1 

Cumulative Cumulative 
Frequer.cy Percent 

78 . 9 
100 . 0 

Frequency Missing 

512 
64 9 
6 
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Wind is worst overall land degradation problem 
Cumulative Cumulative 

Q9BA Frequency Percent Freq ency Percent 

0 
1 

195 41. 9 
270 58 . 1 
Frequency Missing 

195 
4 65 

190 

41. 9 
100 . 0 

Wind is worst threat to production 

Q9DA 

0 
1 

Frequency Percent 

277 66. 7 
138 33 . 3 

Cumulative Cumulative 
Frequency Percent 

66 . 7 
100.0 

Frequency Missing 

277 
415 

240 

Species Preferences (see Chapter 6.2B) 

Grew tree crops pre-1987 
Cumulative Cumulative 

QllC_lBl Frequency Percent Frequency Percent 

Grew tree 

0 
1 

crops in 

Ql3A_ lBl 

0 
1 

I n terested in more 
ca r ob information 

359 66.7 
179 33.3 

Frequency Missing 

1988 

Frequency Percent 

311 79 . 5 
80 20 . 5 

Frequency Missing 

359 
538 

117 

Cumulative 
Frequency 

311 
391 

264 

66.7 
100 . 0 

Cumulative 
Percent 

79 . 5 
100 . 0 

Cumulative Cumulative 
CSA Frequency Percent Frequency 

0 
1 

Labour , finance limit 
carob growing 

181 40 . 4 
267 59 . 6 

Frequency Missing 

181 
448 
207 

Percent 

40 . 4 
100.0 

Cumulative Cumulative 
C7G Frequency Percent Frequency 

0 
1 

Environmental problems 
limit carob growing 

149 98.0 
3 2 . 0 
Frequency Missing 

149 
152 
503 

Percent 

98 . 0 
100 . 0 

Cumulative Cumulative 
C7I 

0 
1 

Frequency Percent Frequency 

86 56 . 6 
66 43.4 
Frequency Missing 

86 
152 
503 

Percent 

56 . 6 
100.0 

Opinions on the Practicabiiity of and Success 
in Appiying Agroforestry Practices (see Chapter 6.3B) 

No major problems experienced 
g r owing trees 

C~mulative Cumulative 
QlOC_F Freq'Jency Percent 

0 
l 

Ve~y successful overall 
a:cow::_ng trees 

465 93 . 4 
33 6 . 6 

Freque~cy Missing 

Frequency 

4 ;;5 
4% 

157 

Percent 

93.4 
1 00 . 0 

Cumulat::_ve Cumulative 
Q25Al 

0 
1 

Frequency Pe~~ent Frequency Percent 

381 85 .~ 
65 4 . 6 
Frequency Missing 

381 
4 4 ,'.) 

209 

97 

85.4 
100 . 0 



No success with earning income or 
other benefits from agrofores ry 

Q25C4 

0 
1 

Frequency Percent 

352 87 . 6 
50 12 . 4 

Cumulative Cumulative 
Frequency Percent 

87.6 
100.0 

Frequency Missing 

352 
402 

253 

Very practicable to grow plan_ations of 
native species and wildlife corridors 

Cumulative Cumulative 
Q34CAQ1 Frequency Percent Frequency Percent 

0 
1 

284 74 . 3 
98 25. 7 

Frequency Missing 

Bush maintenace on ridges , rocks 
moderately practicable 

284 
382 

273 

74 . 3 
100 . 0 

Cumulative Cumulative 

Pine tree 

Q34AB2 

0 
1 

growing 

34CB4 

0 
1 

Frequency Percent Frequency Percent 

315 74 . 5 315 
108 25 . 5 423 
Frequency Missing 232 

not practicable 
Cumulative 

Frequency Percent 

267 72 . 2 
103 27 . 8 
Frequency Missing 

Frequency 

267 
370 

285 

74 . 5 
100 . 0 

Cumulative 
Percent 

72 . 2 
100 . 0 

Bush regeneration and maintenance 
impracticable or not applicable 

Q34AD9 

0 
1 

Frequency 

248 
194 

Cumulative Cumulative 
Percent Frequency Percent 

56 . 1 
43 . 9 

248 
442 

56 . 1 
100 . 0 

Frequency Missing 213 

Growing shrubs and trees for beautification 
moderately practicable 

Cumulative C mulative 
Q34CM2 Frequency Percent Frequency Percent 

0 276 63 . 7 276 63 . 7 
1 157 36 . 3 433 100 . 0 

Freque cy Missing 222 

Original composite independent 
variables (see Chapters 4, 5, 6) 

AMl 300 68-6 1 . 0000028 -2.2627000 1 . 6969000 
AM2 300 98-6 0 . 9999995 -2.0124000 1.7187000 
AM3 300 78-6 0 . 9999994 -0 . 8412000 4 . 7680000 
AM4 300 2 . 66666678-6 1 . 0000071 -3 . 1731000 2.0887000 
PSl 271 1.84501858-6 1 . 0000003 -2 . 4596000 2 . 4454000 
PS2 271 2.3556398-18 1.000C052 -1 . 9510000 2 . 4806000 
PS3 271 -5 . 5350558-6 0 . 9999997 -1 . 8516000 3 . 8773000 
Bl 337 -3 . 2640958-6 0 . 999:1956 -1 . 4103000 1 . 71JOCOO 
82 337 3 . 85756688-6 0 . 9999973 -1.9361000 2 . 3182000 
83 237 5 . 93471818-7 0.999)970 -1 . 3791000 2 . 4706000 
FSl 111 3 . 60360368-6 0 . 999)926 -1 . 3452000 l.91G10CO 
FS2 1 1 -9 . 0090098-7 1.0000013 -1 . 4828000 2 . 70560CO 
F 3 111 -1.8018028-6 0.9999944 -1 . 8451000 1.6989000 
FS4 111 -9 . 0090098-7 1 . 0000003 -1.70430(0 l . 911'50CO 
INFl 410 7 . on1 7078-6 0 . 999j876 -1 . 44421)00 2 . 0929000 
INF2 41C -1 . 951228-6 1 . 00000"79 -2 . 31100CO 3 . 263~0CO 

INF3 410 -1.95122£-6 1 . 0000000 -2. ?252JCO C. 80550C'O 
MDl 411 -1 . 4598548-6 1 . 0000038 -C.9571)00 2 . ?3790(,0 
MD2 411 0 . 0000ll436 0 . 9993995 -3 . 4759)(0 0.80~5000 

MD3 411 8 . 51581518-6 0 . 999;1988 -1.3617%0 2.0916000 
SSl 446 1 . 7937228-6 0 . 999))25 -1 . 6610)(0 1 . 934SOC·O 
S82 446 -0 . 000017265 0 . 9999999 -1 . 1250)(0 2 . 0022000 
S83 446 -4 . 4843058-6 0 . 9993984 -2 . 7276JCO 2 . 2350%0 
SGl 90 -6 . 6666678-6 1 . 0000024 -1.4882)00 1 . 9650000 
SG2 90 -0 . 000025556 1 . 0000067 - 2 . 9 0 9 0 ·) (• 0 1 . 7431000 
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~G3 90 -0 . 000011111 1 . 0000009 -0 . 9031000 7 . 3164000 

Key : 

AMl favourable discharqe area and waterway land degradation control o riented attitudes 

l\1'12 uninterested non-conversant attitudes 

l\1'13 inexperienced farm tree growers either not involved in bush management or having non

moneta ry attitudes towards i t 

l\1'14 

PSl 

PS2 

PS3 

Bl 

82 

8 3 

FS l 

FS2 

FS3 

I NF l 

I NF 2 

favourable shelter, aesthetics and bush management attitudes 

successful bush management , and growing native species 

unsuccessful bush management , o r growing native o r exotic species 

successfully growing native and exotic species 

wind affected farmland 

recently cleared farms 

largely cleared, low ra infall, mallee and sandplain country 

young farmers and familie s 

o lder farm families 

diversified family businesses 

written , professional information sources 

mainly non-professional, non-farm information sources 

INF 3 

MDl 

a wareness about windbreak theory and the need for bush management incentives 

mixed erosion cont r ol , bush management , and property value improvement or iented 

decision-making 

MD2 budgeting for bush ma nagement , and shrub and tree growing o n all properties 

MD 3 older farms without current property value improvement plantings 

SE l non-expansionary farmers 

SE2 small , mainly sheep farms 

SE3 educated , less experienced sheep farmers 

SGl tree crops preference 

SG2 d r ought fodder crop enthusiasm 

SG3 constraints to drought fodder crop production 

Alternative approach independent 
variables (Chapter 7.5.4) 

Continuo us Variabl.es 

Variable Label N Mean Std Dev 

QlB 1 Years farming 651 25 . 4838710 11. 9379537 -
LQ2A Years MIE in family (log ) 641 1 . 3788797 0 . 3595319 
LWHENCLR Yr prop cleared (log) 594 1 . 3234088 0 . 2996637 
LQ4B 1 Area of MIE (log) 643 3 . 0832212 0 . 3778914 
LPREVARE Ha plnted prev ownr (log ) 116 -0 . 7025607 0 . 7905181 
PROBLEMS Tree Grow Problems? 441 2.3439779 0 . 9892860 
Q51A f farm suppor ts? 112 5 . 1785714 2.4795171 
Q51D * preschoolers? 112 0. 42 85714 0 . 9174415 
Q51E it home and away? 112 2 . 2142857 1 . 5793063 
Q51F t univ/boardsch? 112 0 . 5178571 0 . 91 02236 
QSlH * left farm? 112 0 . 6875000 1 . 3085392 
Q55A 1989 equity%" ? 109 87 . 2293578 13 . 0082830 
Q55B totoutlay intt ? 107 12.6261682 15 . 1056177 
Q55C loan int %"? 106 34 . 1981132 43 . 4639248 
(:550 investment int%- ? 106 23 . 0i.:35679 34 . 9671904 
Q55E prodinput inU> ? 106 27 . 2169811 37 . 3215129 

Minimum 

0 
0 
0 

0 . 8450980 
-2 . 0413927 

0 
1 . 0000000 

0 
0 
0 
0 

10 . 0000000 
0 
0 
0 
0 

Maximum 

90 . 0000000 
2 . 0899051 
1 . 9956352 
4 . 4821885 
1 . 7367586 
4 . 0000000 

14.0000000 
5.0000000 
8 . 0000000 
4 . 0000000 
6 . 0000000 

100 . 0COOOOO 
100 . 0000000 
100 . 0000000 
100 . 0000000 
100.0000000 

- - ---------------------------------------------------------------------------------------------

Car d inal. and binary var.iabl.es 

Farmer age (mid-po int ) 
AGE Frequency Perce~t 

20 1 0 . 2 
")C:: 
LJ 59 9 . 0 
35 228 .34 . 9 
45 203 .31 . 0 
55 111 17 . 0 
65 52 a.o 
Frequency Missing -- 1 
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Rainfall in last 5 years 
Q3A Frequency Percent 

<250 13 2 . 0 
250-350 249 38 . 7 
350-500 239 37 . 2 
500-750 137 21. 3 

>750 5 0 . 8 
Frequency Missing 12 

loc most trees planted by current owner : MIE 
PLANTED Frequency Percent 

0 
l 

105 
523 

Frequency Missing 

16 . 7 
83 . 3 
27 

loc most trees planted by prev ownr : MIE 
PREVOWNR Frequency Percent 

0 
1 

432 
116 

Frequency Missing 

78.8 
21. 2 

107 

Budgeting 
Q7D Frequency Percent 

0 
l 

335 
303 

52 . 5 
47 . 5 

Frequency Missing= 17 

Heard of AF? 
Q7E_l Frequency Percent 

0 88 13 . 8 
l 550 86 . 2 

Frequency Missing= 17 

plt/left trs - buildings 
Ql4A Frequency Percent 

0 23 3 . 6 
l 613 96 . 4 

Frequency Missing = 19 

number of reasons for planting trees 
REASPLTD Frequency Percent 

0 20 3 . 8 
1 54 10.2 
2 85 16 . 1 
3 101 19 . 1 
4 128 24.2 
5 94 17 . 8 
6 41 7 . 8 
7 6 1. 1 

Frequency Missing 126 

number of reasons for leaving trees 
REAS LEFT Frequency Percent 

t) 27 5 . 9 
1 34 7 . 4 
2 72 15 . 8 
3 76 16.6 
4 87 19.0 
5 94 20.6 
6 54 11. 8 
7 13 2 . 8 

Frequency Missing 198 

~ree loc vs fire? 
lSD Frequency Percent 

c 450 
133 

n . 1 
~~ 8 . 9 

Frequency Missing = 22 
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Fire retardant trees? 
QlSE Frequency Percent 

0 424 69 . 4 
1 187 30 . 6 

Frequency Missing = 44 

Trees slow winds? 
Q16A Frequency Percent 

0 72 11.2 
1 569 38 . 8 

Frequency Missing = 14 

Windbrks reduce damage? 
Ql6B Frequency Percent 

0 75 11.7 
1 565 88.3 

Frequency Missing = 15 

Distance windbrks protect 
PROTO I ST Frequency Percent 

0 166 26.7 
1 so 8 . 1 
2 226 36.4 
3 105 16.9 
4 74 11 . 9 

Frequency Missing 34 

Use min till etc 
Ql8B Frequency Percent 

0 196 30.9 
1 438 69 . 1 

Frequency Missing = 21 

Ql8C_A 

0 
1 

Use min till 

Frequency 

238 
193 

Frequency Missing 

Percent 

55 . 2 
44 . 8 

224 

Use direct drill 
Ql8C_B Frequency Percent 

0 
1 

316 
115 

Frequency Missing 

Use reduced till 

73 . 3 
26 . 7 

224 

Q18C C Frequency Percent 

0 207 
224 

Frequency Missing 

48.0 
52 . 0 

224 

Any other practice 
Ql8D Frequency Percent 

0 157 
367 

Frequency Missing 

30 . 0 
70 . 0 
131 

Graze to limit 
Ql8EA Frequency 

0 351 
160 

Frequency Missing 

Percent 

68. 7 
31. 3 
144 
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Leave some pasture 
Ql8EB Frequency Percent 

0 231 
280 

Frequency Missing 

45 . 2 
54 . 8 
144 

Leave plenty pasture 
Ql5EC Frequency Percent 

0 
: 

456 
55 

Frequency Missing 

89 . 2 
10 . 8 
144 

Ql8ED 

0 
1 

Leave (other ) 
Frequency Percent 

509 
2 

Frequency Missing 

99 . 6 
0 . 4 

144 

Ql8EE 

0 
1 

Leave (depends ) 

Frequency 

504 
7 

Percent 

Frequency Missing 

98 . 6 
1. 4 

144 

Change grazing strat? 
Ql8F Frequency Percent 

0 
1 

295 
133 

Frequency Missing 

68 . 9 
31. 1 
227 

Education level 
EDULEVEL Frequency 

unqualified 291 
trade 19 
degree , diploma , etc 173 

Frequency Missing = 172 

Compare net income 

COMP INC Frequency 

below average 41 
average 430 
above average 125 

Frequency Missing = 59 

Percent 

60 . 2 
3 . 9 

35 . 8 

Pe r cent 

6 . 9 
72 . 1 
21. 0 

TAXATION 
Aware of tax 

Frequency Percent 

no 52 
unclear 225 
suff i ciently 162 

Frequency Missing 

11. 8 
51. 3 
36 . 9 

216 

key for the follo wing 
not applicable 1 

18 ECOWORTA variables : Q28 Economically worth while to plant? 

do not kno w 2 
no 3 
yes 4 

Plantat . Native spp 
ECOWCR~A Frequency Percent 

1 17 4 . 1 
2 69 16 . 8 
3 203 49 . 5 
4 121 29 . 5 

Frequency Missing = 245 
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Plantat . Pines 
ECOWORTB Frequency Pe rcent 

1 31 7 . 7 
2 51 12.6 
3 247 61.1 
4 75 18 . 6 

Frequency Missing 251 

Plantat . Exotics 
ECOWORTC Frequency Percent 

1 24 
2 78 
3 226 
4 77 

Frequency Missing 

EC OWORTD 
Wbs - Stock 

Frequency 

1 17 
2 13 
3 27 
4 381 

Frequency Missing 

5 . 9 
19 . 3 
55 . 8 
19 . 0 

250 

Percent 

3.9 
3 . 0 
6.2 

87.0 
217 

Wbs - Crops , Soils 
ECOWORTE Frequency Percent 

1 14 3 . 2 
2 18 4 . 2 
3 48 11.1 
4 353 81. 5 

Frequency Missing 222 

Sbelts - Shelter 
ECOWORTF Frequency Percent 

1 18 4 . 2 
2 13 3.0 
3 28 6 . 5 
4 373 8 6.3 

Frequency Missing 223 

ST - Saltland 
ECOWORTG Frequency Percent 

1 63 15 . 0 
2 22 5 . 2 
3 42 10 . 0 
4 293 69 . 8 

Frequency Missing 235 

ST - Recharge 
ECOWORTH Frequency Percent 

1 68 16 . 9 
2 58 14.4 
3 63 15 . 7 
4 213 53 . 0 

Frequency Missing 253 

Salt Tolerant Shr~bs 
ECOWORTI Frequency Percent 

1 52 13.1 
2 68 17.1 
3 93 23.4 

185 46 . 5 

F requency Missing 257 

Fodder Sh rubs 
ECOWORTJ Frequency Percent 

21 5 . 2 
2 100 24 . 9 
3 1 09 27 . 2 
4 171 42 . 6 

F requency Missing 254 
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Wide spaced af 
ECOWORTK Frequency Percent 
------------------------------

24 6.0 
2 127 32.0 
3 146 36 . 8 
4 100 25 . 2 

Frequency Missing 258 

Shrubs , trees (ST) - Property Value 
ECOWOR~L Frequency Percent 
------------------------ ------

1 17 4 . 1 
2 57 13 . 7 
3 73 17 . 5 
4 269 64 . 7 

Frequency Missing 239 

ST - Property Beauty 
ECOWORTM Frequency Percent 
------------------------------

1 7 
2 31 
3 57 
4 314 

Frequency Missing 

Ornamentals 
ECOWORTN Frequency 

1. 7 
7 . 6 

13 . 9 
76 . 8 

246 

Percent 
------------------------------

1 10 2. 4 
2 17 4 . 1 
3 38 9 . 1 
4 352 84 . 4 

Frequency Missing 238 

ST - Waterlog 
ECOWORTO Frequency Percent 
------- ----- ------------------

1 55 13 . 6 
2 48 11 . 9 
3 70 17 . 4 
4 230 57 . 1 

Frequency Missing 252 

ST - Water Erosion 
ECOWORTP Frequency Percent 
----- -------------------------

1 54 13 . 3 
2 42 10 . 3 
3 78 19 . 2 
4 232 57 . 1 

Frequency Missing 249 

ST - Wildlife 
ECOWORTQ Frequency Percent 
------------------------------

1 43 10 . 9 
2 54 13 . 7 
3 156 39 . 6 
4 141 35 . 8 

Frequency Missing 261 

ST - Bush Regen 
ECOWORTR Frequency Percent 
------------------------------

1 39 10 . 1 
2 53 13 . 7 
3 108 27 . 9 
4 187 48.3 

Frequency Missing 268 

Sh!'."ubs - Econ? 
Q29 Frequency Percent 
-------------------------

c 227 55 . 1 
l 185 44 . 9 

Frequency Missing = 2~3 
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Financial estim of tree effects 
Q30A Frequency Percent 

0 
1 

410 
24 

Frequency Missing 

34. 5 
5 . 5 

221 

Financial estim - Othe r properties 
Q30C Frequency Percent 

0 
1 

329 
14 

Frequency Missing 

95 . 9 
4 .1 

312 

Key : Mgt = Which of the following 18 management practices most closely approximate your 
programme? (Q31AJ 

Mgt=Plantat. Native spp 
Q31A_A Frequency Percent 

0 
1 

384 
53 

Frequency Missing 

87 . 9 
12 . 1 

218 

Mgt=Plantat. Pines 
Q31A_B Frequency Percent 

0 
1 

405 
32 

Frequency Missing 

92.7 
7 . 3 

218 

Mqt=Plantat. Exotics 
Q31A_C Frequency Percent 

0 
1 

409 
28 

Frequency Missing 

93 . 6 
6 . 4 

218 

Mgt=Windbreaks (wbs) - Stock 
Q31A_D Frequency Percent 

0 
1 

76 
3 61 

Frequency Missing 

17 . 4 
82 . 6 

218 

_ Mgt=Wbs - Crops , Soils 
Q31A_E Frequency Percent 

0 
1 

117 
320 

Frequency Missing 

26 . 8 
73 . 2 

218 

Mgt=Shelterbelts (sbelts) - Shel er 

Q31A F 

0 
1 

Frequency 

116 
321 

Frequency Missing 

Percent 

26 . 5 
73.5 

218 

Mgt= shrubs , trees (ST) - Saltland 
Q31A_G Frequency Percent 

0 220 
217 

Frequency Missing 

50 . 3 
49 . 7 

218 

Mgt=ST - Recharge 
Q31A_H Frequency Percent 

J 323 
08 

75 . 3 
24 . 7 

Frequency Missing 218 

~qt=Salt Tolerant Sh~ubs 
~31A : Frequency Persent 

0 
1 

357 
80 

Frequency Missing 

81. 7 
18 . 3 

218 
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Mgt=Fodder Shrubs 
Q31A J Frequency Percent 

0 345 
92 

Frequency Missing 

78.9 
21. 1 

218 

Mgt=Wide spaced af 
Q31A_K Frequency Percent 

0 402 
35 

Frequency Missing 

92 . 0 
8 . 0 

218 

Mgt=ST - Property Value 
Q31A_L Frequency Percent 

0 
1 

307 
130 

Frequency Missing 

70.3 
29 . 7 

218 

Mgt=ST - Property Beauty 
Q31A_M Frequency Percent 

0 221 
216 

Frequency Missing 

Mgt=Ornamentals 

50.6 
49 . 4 

218 

Q31A_N Frequency Percent 

0 
1 

201 
236 

Frequency Missing 

46 . 0 
54 . 0 

218 

Mgt=ST - Waterlog 

Q31A_O 

0 
1 

Frequency 

321 
116 

Frequency Missing 

Percent 

73 . 5 
26. 5 

218 

Mgt=ST - Water Erosion 

Q31A_P 

0 
1 

F r equency 

329 
108 

Frequency Missing 

Percent 

75 . 3 
24.7 

218 

Mgt=ST - Wildlife 
Q31A_ Q Frequency Percent 

0 
1 

359 
78 

Frequency Missing 

82.2 
17 . 8 

218 

Mgt=ST - Bush Regen 
Q31A_R Frequency Percent 

0 357 
80 

Frequency Missing 

81. 7 
18 . 3 

218 

:nitiated field days 
Q33S F~equency Percent 

0 396 
48 

89 . 2 
10 . 8 

F~equency ~issing 211 

Help others? 
F~equency Percent 

c 243 
174 

Frequency Missing 

58 . 3 
41. 7 
238 
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Q33D 
Discuss trees? 
Frequency Percent 

0 
1 

53 
398 

Frequency Missing 

11. 8 
88.2 
204 

Number talked to regards trees 

Q33E Frequency 

1 - 5 210 
6-- 1 0 10 9 
>11 7 6 

Frequency Missing 

Percent 

53 . 2 
27 . 6 
19 . 2 

260 

Key fo r the follo wing 2 practicability variables (Q34A , Q34B ) 
average s for 0 = do not kno w; 1 = not practicable or not applicable ; 2 
modera tel y prac t icable ; 4 = very p r acticable 

Pract maintain existing bush 
PR EXI ST Frequency Percent 

0 . 25 2 0 . 4 
0.5 1 0 . 2 

0 . 75 4 0 . 9 
1 18 4. 0 

1. 25 4 0 . 9 
1. 5 18 4 . 0 

1. 75 6 1. 3 
2 31 6 . 9 

2 . 25 23 5 . 1 
2.5 38 8 . 5 

2 . 75 46 10 . 3 
3 63 14 . 1 

3 . 25 60 13 . 4 
3.5 33 7 . 4 

3 . 75 27 6 . 0 
4 73 16 . 3 

F requency Missing 208 

Pr act regenerate bush 
PR REGEN Frequency Percent 
------------- -----------------

0 1 0 . 2 
0 . 25 2 0 . 5 

0 . 5 3 0 . 7 
0 . 75 6 1. 4 

1 40 9 . 1 
1. 25 9 2 . 1 

1. 5 26 5 . 9 
1. 75 18 4 . 1 

2 59 13. 4 
2 . 25 25 5 . 7 

2 . 5 46 10 . 5 
2 . 75 51 11. 6 

3 49 11. 2 
3 . 25 40 9 . 1 

3 . 5 16 3. 6 
3 . 75 19 4 . 3 

4 29 6 . 6 
Frequency Missing 216 

not very; 3 

Key fo r the following 18 p r acticability variables : 0 = do not know; 1 = not practicable or 
n o t applicable ; 2 = not very ; 3 = moderately practicable ; 4 = very practicable 

Pract=Plantat . Native spp 
PR MNG A Frequency Percent 

0 4 1. 1 
139 37.4 

2 99 26.6 
3 79 21. 2 
4 51 13 . 7 

Frequericy Mis:::ing 2a2 

Pract=Plantat . Pines 
PR MNG B Frequency ?ercent 

0 49 11. 3 
1 :'._ 73 41. 7 
2 97 23 . 4 
3 57 1 () . :'._ 

29 7. 0 
Frequency Mis.::ing 240 
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Pract=Plantat . Exotics 
PR MNG C Frequency Percent 

0 3 0 . 8 
j_ 173 49 . 0 
2 92 26 . 1 
3 55 15 . 6 
4 30 8 . 5 

Frequency Missing 302 

Pract=Wbs - Stock 
PR MNG D Frequency Percent 

1 18 4 . 3 
2 4 1. 0 
3 95 22 . 9 
4 298 71. 8 

Frequency Missing 2 4 0 

Pract=Wbs - Crops , Soils 
PR MNG E Frequency Percent 

l 26 6 . 4 
2 17 4 . 2 
3 112 27 . 5 
4 253 62 . 0 

Frequency Missing 247 

Pract=Sbelts - Shelter 
PR MNG F Frequency Pe r cent 

1 18 4 . 5 
2 12 3 . 0 
3 108 26 . 8 
4 265 65 . 8 

Frequency Missing 252 

Pract=ST - Saltland 
PR MNG G Frequency Percent 

0 4 1. 0 
1 98 25 . 5 
2 10 2 . 6 
3 83 2 1. 6 
4 190 4 9 . 4 

Frequency Missing 270 

Pract=ST - Recharge 
PR MNG H Frequency Percent 

1 116 31. 2 
2 47 12 . 6 
3 94 25 . 3 
4 115 30 . 9 

Frequency Missing 283 

Pract=Salt Tolerant Shrubs 
PR MNG I Frequency Percent 

0 7 1. 9 
1 133 35 . 8 
2 54 14 . 5 
3 89 23 . 9 
4 89 23 . 9 

Frequency Missing 283 

Pract=Fodder Shrubs 
PR ~NG J Frequency Percent 

0 7 1. 9 
1 87 24 . 0 
2 72 19 . 9 
3 103 28 . 5 
4 93 25.7 

Frequency Missing 293 
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Pract=Wide spaced trees 
PR ~NG K Frequency Percent 

0 8 2 . 2 
1 139 38 . 7 
2 95 26 . 5 
3 71 19 . 8 
4 46 12.8 

Frequency Missing 296 

Pract=ST - Property Value 
PR MNG L Frequency Percent 

1 60 15 . 5 
2 50 13 . 0 
3 149 38 . 6 
4 127 32 . 9 

F r equency Missing 269 

P ract=ST - Property Beauty 
PR MNG M Frequency Percent 

0 1 0 . 3 
1 35 9 . 1 
2 42 10 . 9 
3 158 41. 0 
4 1 49 38 . 7 

Frequency Missing 270 

Pract=Ornamentals 
PR MNG N Frequency Percent 

0 1 0 . 3 
1 21 5 . 5 
2 19 5.0 
3 142 37 . 1 
4 200 52 . 2 

Frequency Missing 272 

Pract=ST - Waterlog 
PR MNG 0 Frequency Percent 

0 1 0 . 3 
1 104 28 . 1 
2 46 12 . 4 
3 112 30 . 3 
4 107 28 . 9 

Frequency Missing 285 

Pract=ST - Water Erosion 
PR_MNG P Frequency Percent 

0 4 1. 1 
1 93 24 . 7 
2 45 11. 9 
3 113 30.0 
4 122 32.4 

Frequency Missing 278 

Pract=ST - Wildlife 
PR_MNG_Q Frequency Percent 

0 .., 0 . 6 £. 

1 120 33 . 1 
2 78 21. 5 
3 89 24 . 6 
4 73 20 . 2 

Frequency Missing 293 

Pract=ST - Bush Regen 
PR MNG R Frequency Percent 

0 3 0.8 
95 26 . 3 

2 64 1-; . I 

3 112 31. 0 
4 87 24 . ;._ 

Frequency M::.ssing 2 9~ 
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Probs this yr (1988)? 
Q37A Frequency Percent 

0 
1 

214 
206 

Frequency Missing 

majprob before? 

51. 0 
4 9 . 0 
235 

Q37C Frequency Percent 

0 116 
154 

Frequency Missing 

43 . 0 
57 . 0 
385 

Factors hold i ng you back 
Key 0 yes to (a ) 

3 
4 

Q370 

one yes ' s to sum of (b , c , d , e , f ) 
two yes ' s to sum of (b , c , d , e , f ) 
three yes ' s to sum of (b , c , d , e , f) 
fou r yes ' s to sum of (b , c , d , e , f) 

Frequency Percent 

0 65 21. 9 
1 151 50 . 8 
2 60 20 . 2 
3 17 5 . 7 
4 4 1. 3 

Frequ ency Missing 358 

Kno w shrub users having i mpact on land degradation 
key : 0 yes = O; 1 yes = l ; 2 yes = 2 ; 3 yes = 3 ; 4 yes = 4 ; 5 yes 5 

Q38A Frequency Percent 

0 
1 
2 
3 
4 
5 

92 
67 
47 
28 
15 
1 3 

Frequency Missing 

35 . 1 
25 . 6 
1 7 . 9 
10 . 7 

5 . 7 
5 . 0 

393 

Know tree users having impact on land degradation 
key : 0 yes = O; 1 yes = l ; 2 yes = 2 ; 3 yes = 3 ; 4 yes = 4 ; 5 yes 5 

Q38B Frequency Percent 

0 60 16 . 9 
1 61 17 . 2 
2 104 29 . 4 
3 75 2 1. 2 
4 35 9 . 9 
5 19 5 . 4 

Frequency Missing 301 

Tree care - Very willing 
Q39A_A Frequency Percent 

0 
1 

277 
154 

64 . 3 
35 . 7 

Frequency Missing 224 

Tree care - Time limits 
Q39A_B Frequency Percent 

() 

1 
248 
183 

Frequency Missing 

57 . 5 
42 . 5 

224 

Tree care - Advice limits 
Q39A_C Frequency Percent 

0 429 
2 

99 . 5 
0 .5 

frequer.cy Missi~g 224 

Tree care - Finance limits 
Q39A D Frequency Percent 

') 407 
24 

frequency Missing 

94 . 4 
5 . 6 

224 
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Tree care - Unwilling 
39A_E Frequency Percent 

0 
1 

363 
68 

Frequency Missing 

soil lir.e-med 

84 . 2 
15 . 8 

224 

Q5 1A Frequency Percent 

0 512 78 . 9 
l 137 21 . 1 

Frequency Missing = 6 

Q5_1B 
soil lite 

Frequency Percent 

0 561 86 . 4 
1 88 13.6 

Frequency Missing = 6 

soil mixed-hvy 
Q5 10 Frequency Percent 

0 227 35.0 
1 422 65 . 0 

Frequency Missing = 6 
land deg probs? 

Q9A1 Frequency Percent 

0 184 28 . 8 
1 454 71 . 2 

Frequency Missing= 17 

worst problem - wind/sand 
Q9BA Frequency Percent 

0 
1 

195 
270 

Frequency Missing 

41. 9 
58 . 1 
190 

worst problem - salt 
Q9BB Frequency Percent 

0 
1 

165 
300 

Frequency Missing 

35 . 5 
64 . 5 
190 

worst problem water/othr 
Q9BC Frequency Percent 

0 
1 

2 94 
171 

Frequency Missing 

63 . 2 
36 . 8 
190 

1st worst wind/sand 
Q9B1A Frequency Percent 

0 
1 

319 
146 

Frequency Missing 

68 . 6 
31. 4 
190 

1st worst salt 
Q9B:..B Frequency 

0 253 
212 

Frequency Missing 

Percent 

54 . 4 
45 . 6 
190 

1st worst wat/ot~r 
Q9B:..C Frequency Percent 

0 403 
62 

Frequency Missing 

36 . 7 
13.3 

90 
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~erst overall wind/sand 
Q9CA Frequency Percent 

0 
l 

311 
111 

Frequency Missing 

73.7 
26 . 3 
233 

worst overall salt 
Q9CB 

0 
l 

Frequency 

188 
234 

Frequency Missir.g 

Percent 

44 . 5 
55 . 5 
233 

worst overall water/othr 
Q9CC Frequency Percent 

0 
l 

345 
77 

Frequency Missing 

81. 8 
18 . 2 
233 

worst for production wind/sand 
Q9DA Frequency Percent 

0 
l 

277 
138 

Frequency Missing 

66 . 7 
33 . 3 
240 

worst for production salt 
Q9DB Frequency Percent 

0 
l 

226 
189 

Frequency Missing 

54 . 5 
45 . 5 
240 

worst for production water/othr 
Q9DC Frequency Percent 

0 
l 

327 
88 

Frequency Missing 

78 . 8 
21. 2 
240 

tree problem - insect 
QlOC A Frequency Percent 

0 230 
268 

Frequency Missing 

46 . 2 
53 . 8 

157 

tree problem - money , time , equipment 
QlOC B Frequency Percent 

() 421 
77 

Frequency Missing 

84 . 5 
15 . 5 

157 

tree problem - stock fence 
QlOC C Frequency Percent 

0 403 
95 

Frequency Missing 

80 . 9 
19 . l 

157 

tree problem - drought 
QlOC D Frequency Percent 

0 325 
173 

Frequency Missing 

65 . 3 
34.7 

157 

t=ee problem - environmental 
lOC J Frequency Percent 

~87 97 . 8 
') ') 
L • L. 

Frequency Missing l 5-; 
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need help - knowldge 
QlOD 181 Frequency Percent 

0 
1 

302 
117 

Frequency Missing 

72.1 
27.9 

236 

needhelp - money 
100 lCl Frequency Percent 

0 
1 

144 
275 

Frequency Missing 

34 . 4 
65 . 6 

236 

need help- time 

Ql OD 101 

0 
1 

Frequency 

305 
114 

Percent 

72 . 8 
27 . 2 

Frequency Missing 236 

need help - other 
Ql OD lE l Frequency Percent 

0 
1 

231 
188 

Frequency Missing 

55 . 1 
44 . 9 

236 

more trees = fire 
Ql 5A l Frequency Percent 

0 578 89 . 5 
68 10 . 5 

Frequency Missing = 9 

Ql5FA 
fire kill - native spp 
Frequency Percent 

0 
1 

166 
103 

Frequency Missing 

61. 7 
38 . 3 
386 

soil blow experience 
Ql8A Frequency Percent 

0 151 23 . 7 
1 485 76 . 3 

Frequency Missing = 19 

radiotv - wkly 
Ql9C_2 Frequency Percent 

0 
1 

574 
26 

Frequency Missing 

radiotv mntly 

95 . 7 
4 . 3 

55 

Ql 9C 3 Frequency Percent 

0 
1 

518 
82 

Frequency Missing 

radio t v rare 

86 . 3 
13 . 7 
55 

Ql 9C 4 Freque . cy Percent 

0 
1 

115 
485 

19 . 2 
80 . 8 

Frequency Missing SS 

main info semin 
Q2 0A Frequency Percent 

0 368 59.6 
1 249 ~0 . 4 

Frequency Missing = 38 
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~ain info farmrs 
Q20B Frequency Percent 

0 250 40 . 5 
1 367 59.5 

Frequency Missing = 38 

main info firms 
Q20D Frequency Percent 

0 227 36 . 8 
390 63 . 2 

Frequency Missing = 38 

Q20E 

0 
1 

main info DAWA 
Frequency 

219 
398 

Percent 

Frequency Mi s sing 

35.5 
64 . 5 

38 

main info CALM 
Q20F Frequency Percent 

0 452 73 . 3 
1 165 26 . 7 

Frequency Missing = 38 

maininfo bksvid 
Q20J Frequency Percent 

0 245 39 . 7 
1 372 60 . 3 

Frequency Missing = 38 

maininfo nonfarm 
Q20CH Frequency Percent 

0 376 60 . 9 
241 39 . 1 

Frequency Missing = 38 

farmtype sheep/meat 
TYPEl Frequency Pe r cent 

0 558 91 . 3 
1 53 8 . 7 

Frequency Missing = 44 

farmtype sheep/wool 
TYPE2 Frequency Percent 

0 435 71 . 2 
1 176 28 . a 

Frequency Missing = 44 

farm type sheep (meat and wool) 
TYPE3 Frequency Percent 

0 458 75 . 0 
1 153 25 . 0 

Frequency Missing = 44 

farmtype mixed types 
TYPE4578 Frequency Percent 

0 
1 

532 
79 

Frequency Mis5ing 

87 . 1 
12 . 9 

44 

farmtype wheat/sheep 
TYPE6 Frequency Percent 

0 4~1 75 . 5 
150 24 . 5 

Frequency Missing = 44 
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plan to expand in future 
22BEX Frequency Pe r cent 

0 
1 

364 
233 

Frequency Missing 

61. 0 
39 . 0 
58 

have had expansion history 
Q22BHIST Frequency Pe rcent 

0 
1 

245 
351 

Frequency Missing 

41.1 
58 . 9 

5 9 

plan to expand /history of 
Q22B_lA Frequency Pe rcent 

0 
1 

5 00 
136 

Frequency Missing 

78 . 6 
21. 4 
19 

key : What originally enco uraged your overall interest (orig int)? Q23 
orig int plantations 

Q23Al9 Frequency Percent 

0 
1 

373 
83 

F requency Missing 

81. 8 
18 . 2 

199 

origint windbreaks (wb) - st ock 
Q23A4 Frequency Percent 

0 
1 

86 
370 

Frequency Missing 

18 . 9 
81. 1 
199 

origint wb crop , soil 
Q23A5 Frequency Percent 

0 
1 

151 
305 

Frequency Missing 

33 . 1 
66 . 9 
199 

origint shelter belts 
Q23A6 Frequency Percent 

0 
1 

108 
348 

Frequency Missing 

23.7 
76 . 3 
199 

origint shrubs, trees (st) saltland control 
Q23A7 Frequency Percent 

0 
1 

222 
234 

Frequency Miss ing 

48 . 7 
5 1. 3 
199 

origi nt st recharge areas 
Q23A8 Frequency Percent 

0 
1 

358 
98 

Frequency Missing 

o rigi t fodder 

78 . 5 
21. 5 
199 

Q23A22 Frequency Pe rcent 

0 
1 

328 
128 

Frequency Missing 

origint value 

71. 9 
28 . 1 

199 

Q23A l 2 Frequency ?ercent 

0 
1 

341 
115 

Frequen_y Missing 

74 . 8 
25 . 2 

199 
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ori.gint beaut 
Q23A13 Frequency Percent 

0 247 
209 

54 . 2 
45 . 8 

Frequency Missing 199 

o rigint ornam 
Q23A14 Frequency Percent 

0 222 
234 

Frequency Missing 

4 8 . 7 
51. 3 

199 

origint water logging control 
Q23Al5 Frequency Percent 

0 
1 

349 
107 

Frequency Missing 

76 . 5 
23 . 5 

199 

origint water erosion 
Q23A16 Frequency Percent 

0 366 
90 

Frequency Missing 

80 . 3 
19 . 7 

199 

origint value/beauty/ornamentals 
Q23A24 Frequency Percent 

0 
: 

156 
300 

Frequency Missing 

34 . 2 
65 . 8 

199 

origint waterlogging /water erosion 
Q23A25 Frequency Percent 

0 
1 

315 
141 

Frequency Missing 

69 . 1 
30 . 9 

199 

origint wildlife 
Q23A26 Frequency Percent 

0 
1 

338 
118 

Frequency Missing 

7 4 . 1 
25 . 9 

199 

key : most important practice 

1st pract plantations 
Q123A19 Frequency Percent 

0 
1 

427 
10 

Frequency Missing 

lstpract wbstock 

97 . 7 
2 . 3 

218 

123A4 Frequency Percent 

0 285 
152 

65 . 2 
34 . 8 

Frequency Missing 218 

:stpract wb crop , soil 
Q123A5 Frequency Percent 

1) 353 
E4 

Freq~ency Missing 

30 . 8 
19 . 2 

218 

istpract shelter belts 
Q123A~ Frequency Percent 

402 
35 

Frequen:y ~issing 

92 . 0 
8. 0 

218 

1st pract 
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lstpract st saltl 
Q123A7 Frequency Percent 

0 
1 

343 
94 

Frequency Missing 

78.5 
21. 5 

218 

lstpract st recharge areas 
Q123A3 Frequency Percent 

0 
1 

427 
10 

Frequency Missing 

lstpract fodder 

97 . 7 
2 . 3 

218 

12 3A22 Frequency Percent 

0 
1 

427 
10 

Frequency Missing 

97 . 7 
2 . 3 

218 

lstpract value/beauty/ornamentals 
Ql23A24 Frequency Percent 

0 420 
17 

Frequency Missing 

96 . 1 
3 . 9 

218 

lstpract watlog /wate r erosion 
Q12 3A25 Frequency Percent 

0 
1 

422 
15 

96 . 6 
3 . 4 

Frequency Missing 218 

lstpract wildlife 
Q1 2 3A26 Frequency Percent 

0 
1 

431 
6 

Frequency Missing 

98 . 6 
1. 4 

218 

Q2 4Al 

0 
1 

agroforestry decisions 
Frequency Percent 

59 
398 

Frequency Missing 

12 . 9 
87 . 1 
198 

me 

agroforestry decisions 
Q24 AFAM Frequency Percent 

family 

0 
1 

287 
1 71 

Frequency Missing 

62 . 7 
37 . 3 

197 

agroforestry decisions 
Q24AOTH Frequency Percen 

0 
1 

430 
28 

Frequency Missing 

93 . 9 
6 . 1 

197 

Q24Pl 
aesthetics decisions 
Frequency Percent 

0 137 
318 

Frequency issing 

30 . 1 
69 . 9 
2 00 

others 

aesthetics decisions : famly 
Q24BFAM Frequency ~ercent 

0 188 
27 0 

41. 0 
59 . C 

Frequency Missing 3~ 
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aesthetics decisions : others 
Q24BOTH Frequency Percent 

0 437 
21 

Frequency Missing 

95.4 
4. 6 

197 

Q24Cl 
farm decisions : me 

Frequency Percent 

0 
1 

68 
390 

14 . 8 
85.2 

Frequency Missing 197 

farm decisions : famly 
Q24CFAM Frequency Percent 

0 322 
136 

Frequency Missing 

70.3 
29 . 7 

197 

farm decisions : others 
Q24COTH Frequency Percent 

0 425 
33 

Frequency Missing 

92 . 8 
7 . 2 

197 

tree planting money? own funds 

Q26AA3 Frequency 

0 348 
18 

Frequency Missing 

Percent 

81. 7 
18 . 3 

229 

tree planting money? loans 
Q26AOVRD Frequency Percent 

0 363 
63 

Frequency Missing 

85 . 2 
14 . 8 

229 

tree planting money? running costs 
Q26AC3 Frequency Percent 

0 132 
294 

Frequency Missing 

31. 0 
69 . 0 

229 

Q26B 

0 
1 

borrow for tree planting? 
Frequency Percent 

350 
76 

Frequency Missing 

82 . 2 
1 7 . 8 
229 

banker : tree planting loan sympathetic 
Q26CSYMP Frequency Percent 

0 
1 

115 
274 

Frequency Missing 

29 . 6 
70 . 4 

266 

banker : tree planting loan negative 
Q26CNEG Frequency Percent 

0 220 
169 

56 . 6 
43 . 4 

Frequency Missing 266 

banker : tree loan sy~pathetic but neg3tive 
Q26C3 F~equency Percent 

c 
1 

308 
101 

75 . 3 
24 . 7 

Frequency Missing 246 
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max loan - >11% 
Q26D_A 

0 
1 

Frequency 

234 
34 

Frequency Missing 

Percent 

87 . 3 
12 . 7 

387 

max loan - do not know 
Q26D B Frequency Percent 

0 
1 

247 
21 

Frequency Missing 

92 . 2 
7 . 8 

387 

max loan - would not borrpw 
Q26D C Frequency Percent 

0 
1 

216 
52 

80 . 6 
19 . 4 

Frequency Missing 387 

max loan - 6-10% 
Q26D_D Frequency Percent 

0 
1 

176 
92 

Frequency Missing 

65 . 7 
34 . 3 

387 

max loan - no interest loan 
Q26D E Frequency Pe rcent 

0 
1 

195 
73 

Frequency Missing 

72 . 8 
27 . 2 

387 

econ risky t o grow trees? 
Q27A_4 Frequency Percent 

no/dnk 225 
yes 221 

Frequency Missing 

50 . 4 
49.6 

209 

risky tp grow trees? slow returns 
Q27B_A Frequency Percent 

0 
1 

131 
99 

57 . 0 
43.0 

Frequency Missing 425 

risky to grow trees? financial general 
C27BOT HR Frequency Pe rcent 

0 
1 

164 
66 

Frequency Missing 

71. 3 
28 .7 

425 

risky t o gro w trees? other 
Q27B_C Frequency Percent 

0 
1 

1 65 
65 

Frequency Missing 

71. 7 
28 . 3 

425 

benefi from trees? cannot calculate 
Q30B_A Frequency Perce r t 

0 275 
1.26 

F'-equency Missing 

68 . 6 
31. 4 

254 

benefit from trees? can .ot calculate/too ea r ly to tell 
305 B Frequency Percent 

0 252 
149 

Frequen_y Missing 

62 . 8 
37 . 2 

254 
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benefit from trees? too early to tell 
Q30B_C Frequency Percent 

0 282 
119 

Frequency Missing 

70 . 3 
29 . 7 

254 

preference for natives vs exotic? 
Q31B Frequency Percent 

0 
1 

185 
235 

Frequency Missing 

44 . 0 
56 . 0 
235 

incentives need ed fo r bush fencing 
Q35Bl Frequency Pe r cent 

0 
1 

90 
347 

Frequency Missing 

20 . 6 
79 . 4 
218 

incentives neede d for paddock fencing 
Q35C Frequency Percent 

0 
1 

125 
309 

Frequency Miss i ng 

28 . 8 
71 . 2 
221 

major problem - bugs/weeds 
Q37BA Frequency Pe r cent 

0 
1 

134 
73 

Frequency Missing 

64 . 7 
35 . 3 
448 

major problem - time/labour 
Q37BB Frequency Percent 

0 
1 

165 
42 

Frequency Missing 

79 . 7 
20 . 3 
448 

major problem - other 
Q37BOTHR Frequency Percent 

1 134 100 . 0 
F requency Miss ing = 52 1 

major problem - had it before? 
Q37C Frequency Percent 

0 
1 

116 
154 

Frequency Missing 

tree losses : winter , spring , 
Q37EWINT Frequency Percent 

.. . .... 0 ...... . . 204 . . .... 62 . 2 
1 124 100 . 0 

Frequency Missing = 327 

tree :asses : summer 

43 . 0 
57 . 0 
385 

after three months 

Q37EB Frequency Percent 

0 86 26 . 2 
1 242 73 . 8 

Frequency Missing = 327 
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Variable N 

INDEPl 393 
INDEP2 393 
INDEP3 3 93 
INDEP4 393 
INDEP5 393 
INDEP6 393 
INDEP7 393 
I NDEP8 393 
INDEP9 393 
INOEP 1 0 393 
INOEPll 393 
I NOEP12 393 
I NOEP13 393 
INOEP14 393 
INOEP15 393 

Key : 

Alternative ap~roach composite independent 

variables (see Chapter 7.5) 

Mean Std Dev Minimum Maximum 

-l . 272265E- 6 0 . 9999989 -2 . 2235000 3.0418000 
-l . 78117E-6 0 . 9999974 -1 . 6191000 2 . 8435000 

-1 . 272265E-6 0.9999989 -3 . 6585000 2 . 0029000 
-2 . 544529E-6 0 . 9999998 -4 . 1003000 1 . 4343000 
-1 . 526718E-6 0 . 9999988 -3 . 2964000 1 . 8150000 
-l.272265E-6 0 . 9999978 -2 .1124000 2 . 2624000 
-l . 272265E-6 0 . 9999994 -1 . 7366000 4 . 2824000 
-5 . 089059E-7 1 . 0000003 -1 . 7300000 3 . 8057000 
2 . 5445293E-7 1 . 0000009 -1 . 6555000 2 . 4621000 
-l . 526718E- 6 1 . 0000004 -3 . 4768000 2 . 7057000 

-2 . 373E-17 1 . 00000 1 4 -2.6606000 2 . 8962000 
-1. 78117E-6 1 . 0000000 -2 . 1769000 3 . 3946000 

4.0712468E-6 1 . 0000002 -3.4906000 1 . 9288000 
-2 . 544529£-7 1 . 00000 18 -2 . 4854000 2 . 1358000 
l . 7811705E-6 0 . 9999993 -1 . 7520000 3 . 9810000 

INDEP l older , experienced farmers 

INDE P2 light to medium soil type s but not in wettest g r owing areas 

I NDEP3 older property characteristics (age , clearing date , type) 

INDE P4 windbreaks knowledge 

INDEPS mi nimum tillage use and wind erosion experience 

INDEP6 wheat/sheep farms unawa r e of agroforestry for fire control 

INDEP7 wool growers aware of weekly radio news on agroforestry 

INDE P8 smaller light land farm s in the wetter growing areas 

I NDEP9 sheep farms producing meat and wool 

I NDEPlOproperty expansion goals with history of this 

INDEPll i nformation sou r ces are non-farm and other farmers 

I NDEP12sheep meat farms , using information not from other farmers 

I NDEP13heard of agroforestry , but not using books/videos 

I NDEP14DAWA is main information source 

I NDEP15tree/fire awareness , budgeting, and CALM for information . 
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APPENDIX 11 

CHAPTER 7.5 OUTPUTS: 
CLUSTER ANALYSIS, ANOV A, PCA, REGRESSION 
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A : Percentage of B: Percentage of 
Farm in Bush (log) Bush Grazed 

1. 

1. 

0. 
Mean Mean 3 

0. 

0. 

0. 

Cl C2 C3 Cl C2 C3 

C : Shrubs Planted D : Percentage of Bush 
pre 1987, '87, '88 (l=yes) Area Clearable 

Mean 

Cl C2 C3 Cl C2 C3 

E : Trees per Cleared Hectare F : Trees per Cleared Hectare 
pre 1987 (log) 1987 (log) 

-1. -1. 

-1. 

-1. 
-0. 

Mean -0. Mean -0. 

-0. -0. 
-0. 

-0. -0. 

Cl C2 C3 Cl C2 C3 

G : Conscious Agroforeslry II : Farm Tree 
Effort Growing Experience 

2.9 

2. 
Mean Mean 

2.8 

2. 

2.7 
Cl C2 C3 Cl C2 C3 

Figure 11.1 : Means of the newly scaled variables measuring farmer involvement in agroforestry by 
cluster group 

Source : Great Southern Tree Growing Survey, 1989 
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Figure 11.2: Three clusters of farmers, plotted against factor scores of the newly scaled dependent 
variables for (a) factors one and two, and (b) factors one and three 

Source: Great Southern Tree Growing Survey, 1989 
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'Bush Grazers/ 'Bush Fencers/ 'Planters/ 
Planters' Planters' Bush Fencers' 
(Cluster (Cluster (Cluster Signif 

Variable No. One) Two) Three) F Prob -icant 
Description Responses Mean Mean Mean Value >F (0.10) 

Older, experienced farmers 393 o.cxn -0.04 0.03 0.20 0.816 

Light to medium soil types, but 
not in wettest growing areas 393 0.01 0.15 -0.18 3.59 0.0286 * 

Older property characteristics 
(age, clearing date, type) 393 0.09 -0.26 0.17 7.03 0.0010 * 

Windbreaks knowledge 393 -0.05 -0.12 0.19 3.44 0.0330 * 

Minimum tillage use and 
wind erosion experience 393 -0.10 0.01 0.09 1.40 0.2469 

Wheat/sheep farms unaware 
of agroforestry for fire control 393 -0.13 0.02 0.12 2.35 0.0968 * 

Wool growers aware of weekly 
radio news on agroforestry 393 O.Ql -0.03 0.02 0.11 0.8999 

Smaller light land farms in 
wetter growing areas 393 0.04 0.01 -0.06 0.37 0.6903 

Sheep farms producing 
meat and wool 393 0.16 -0.19 0.02 4.59 0.0107 * 

Property expansion goals 
with history of this 393 -0.10 0.06 0.05 1.23 0.2933 I 

11 Infom18tion sources are 
non-farm and other farmers 393 -0.11 0.07 0.05 1.54 0.2161 

Sheep meat farms, using 
information not from other farmers 393 -0.07 0.07 0.06 0.82 0.4429 

Heard of agroforestry, but 
not using books/videos 393 -0.22 0.17 0.07 5.85 0.0031 * 

DAW A is main information source 393 0.02 -0.17 0.16 3.74 0.0246 * 

Tree/fire awareness, budgeting, 
and CALM for information. 393 -0.07 0.001 0.08 0.82 0.4391 

Source: Great Southern Tree Growing Survey, 1989 

125 



(TWO PAGES FOLLOWING) 
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FACTO RI FACTOR2 FACTOR3 FACTOR4 FACTORS FACTOR6 FACTOR? FACTOR8 FACTOR9 FACTO RIO FACTORll FACT0Rl2 FACTO RU FACTOR14 FACTORI5 

Age 
0.87896 -0.0 11 69 0.00894 0.03009 -0.00750 0.01306 -0.00225 0.05688 -0.03576 -0.04959 -0.04214 -0.04651 -0.04130 0.04018 -0.03032 

Years farming 
0.87558 0.00947 0.15479 -0.00421 -0.00012 0.00725 0.00529 -0.05434 0.00553 0.01264 0.03454 -0.06295 0.02121 -0.04146 -O.C»Jl9 

S0 tl - I ight to rneditun 
0.00611 0.87399 -0.08887 0.06817 0.01959 0.03230 0.03415 -0.13157 -0.08922 -0.01536 -0.00211 0.07793 0.06375 -0.02739 -0.01704 

Soil - mixed to heavy 
0.00617 -0.79254 0.08037 -0.00069 -0.12800 -0.04387 -0.11559 -0.51554 0.07790 0.00361 -0.02419 -0.04608 -0.02848 -0.00088 0.00722 

Y cars main income earning pwperty in family 
0.28075 0.01901 0.66259 -0.02842 -0.01137 -0.03317 -0.01304 -0.29050 -0.02457 0.18241 -0.08726 -0.07230 0.07566 0.09367 0.15595 

Year property cleared 
0.21739 -0.16357 0.59899 0.14966 0.05460 0.04002 -0.01438 -0.07782 0.10295 0.07500 -0.10486 0.04549 -0.14902 0.05068 0.26341 

Farm type - mixed 
0.10699 0.08012 -0.73354 0.04487 -0.05328 -0.06556 0.05714 -0.18583 -0.01031 0.07005 -0.19192 -0.00729 -0.00483 0.02672 0.22365 

W irdbreaks reduce damage to crops and stock 
-0.04720 -0.00727 0.08615 0.78346 0.03276 -0.06877 0.03337 -0.00221 0.01646 -0.00980 0.01127 0.00073 0.12708 -0.05078 -0.09339 

Seen trees slow winds 
0.04960 0.07945 -0.03713 0.75106 -0.07674 0.08549 0.03254 -0.09248 0.00112 0.02609 0.07900 0.00282 -0.08152 -0.00515 0.0510-l 

Aware of distaoce windbreaks protect 
0.11365 -O.O&i88 -0.11413 0.45845 0.29161 -0.06655 -0.05228 0.08654 -0.14392 0.22122 -0.38017 -0.08735 0.06990 0.22400 0.05120 

Use minimum tillage, or redtK:ed tillage, or direct tillage 
-0.02779 0.08958 -0.03572 -0.07513 0.71245 -0.03894 -0.16895 0.11914 -0.06814 0.02960 0.07945 -0.07271 -0.08963 0.02957 0.01158 

Sot! blow experience 
0.01730 0.02183 0.11534 0.06710 0.68122 0.05109 0.00771 0.07726 0.11018 0.01842 -0.07544 0.08930 0.13394 0.02133 -0.09610 

Farm type - wheat and sheep 
0.07497 0.08530 0.12122 0.01913 0.02592 0.85430 -0.10017 0.03894 -0.19666 0.03644 0.06160 -0.09515 -0.07 174 0.15830 -0.01693 

Main infonnatiun source about agroforestry - firms 
0.05032 -0.09820 -0.04772 -0.07836 0.38702 0.38941 0.25179 -0.19860 -0.06987 -0.00988 0.11466 -0. 18909 0.11335 -0.1329 1 0.14358 

Aware of tree positioning to reduce fire hazards 
0.17367 0.04105 -0.03755 0.03397 0.08006 -0.46357 0.11935 -0.09530 -0.11638 -0.10149 0.14416 0.08637 -0.10838 0.35182 0.24111 

Radio, tv - weekly infomU1tk'n on trees 
-0.02844 0.07030 -0.05062 0.04430 -0.05855 -0.02753 0.80987 0.01043 0.02016 -0.02797 -0.02381 -0.04739 0.00877 0.00509 -O.C»293 

Radio, tv - rarely infonnation on trees 
-0.02644 -0.018(>5 0.00913 -0.00489 0.04589 0.05773 -0.75018 -0.09414 -0.07008 0.05339 -0.03457 0.04251 0.06537 -0.17481 -0.05%8 

Soil type - light 
-O.OC»02 0.0472 1 -0.01 750 -0.09053 0.16471 0.03160 0.08671 0.87114 0.01274 O.Dl 149 0.02089 -0.03739 0.00283 0.00839 0.0-488 

Farm type - sheep (meal and wool) 
-0.05526 -0.13525 0.16347 -0.03257 0.03547 -0.18055 0.11836 O.C»274 0.85591 -0.01940 0.01822 -0.09048 0.05-i'.!4 -0.09592 0.02881 
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FACTORI FACTOR2 FACTOR3 FACTOR4 FACTORS FACTOR6 FACTOR? FACTORS FACTOR9 FACTORlO FACTORll FACTOR12 FACTOR13 FACTOR14 FACTOR15 

Rainfall level 
0.11430 -0.32871 -0.33067 0.05465 -0.10458 -0.21683 0.04656 0.39642 0.39845 -0.10289 0.05183 -0.J23QI 0.07108 -0.05871 0.05204 

Farm type - sheep I mainly w0ol) 
-0.00661 -0.06323 0.23491 -0.04860 -0.06081 -0.56452 0.02787 0.10221 -0.65108 -0.02328 -0.01170 -0.28729 0.08366 -0.12751 -0.11952 

Net mcome comparable to othe~ in local area 
0.05238 0.04603 0.16288 0.09937 -0.02005 0.01531 -0.05149 0.06255 0.05863 0.71180 0.00036 -0.02257 0.10469 -0.03637 0.08090 

FutUie expansion goal, with history of expansion 
-0.12084 -0.22600 -0.12516 0.05804 -0.04129 0.02113 -0.08901 0.01263 -0.03983 0.56412 0.30783 -0.01212 -0.17621 0.13288 0.02871 

Si.le of main in:ome earning property 
-O.D2Q51 0.13371 -0.03065 -0.29124 0.25928 0.14077 0.03594 -0.22349 -0.19681 0.55660 0.01254 0.00167 0.12350 -0.12392 -0.11598 

Main mfomllltion soUice about al(Toforestry - non-farm 
0.03911 0.02330 -0.01459 -0.01365 -0.05206 0.03758 -0.02861 0.07396 -0.01296 0.11337 0.70535 0.03539 0.13647 -0.00629 0.07952 

Main infoffillltion source abc1ut agroforestry - seminars, field days 
-0.13820 -0.00975 0.12478 0.13633 0.244Z7 -0.07576 0.17385 -0.09128 0.09432 0.25955 0.38132 -0.06855 -0.09585 0.02440 0.01246 

Farm type - sheep (nllli.11ly meat) 
-0.14330 0.08836 0.00497 0.04755 0.05911 -0.11060 -0.13737 -0.08198 -0.00261 -0.07014 0.10887 0.76232 -0.09896 0.07142 -0.08296 

Main infoffillltion source about agr0forestry - other fan11ers 
-0.04070 -0.05b60 o.o.+520 0.19461 0.26780 0 .01105 -0.03717 -0.07156 0.01914 -0.06941 0.44022 -0.54466 -0.06270 0.08115 O.o.+407 

II card of agrofores try 
0.07213 0.01670 -0.04130 0.06372 0.07168 -0.07147 0.03460 0.04375 0.05884 0.13622 0.20012 -0.05732 0.76068 0.16181 -0.11516 

Main infonnatic•n source about agroforcstry - books, videos 
0.20000 -0.14583 0.04785 0.03277 0.01618 -0.09722 0.29262 0.10334 0.04472 0.16391 0.21400 0.04919 -0.51587 0.08227 -0.13003 

Ma i.n infoffillltion source about agroforcstry · DAW A 
-0.03316 -0.02144 0.10310 -0.01939 0.01591 0.09303 0.16319 0.01274 -0.03434 0.01264 -0.00721 0.01676 0.10298 0.8ll61 -0.04934 

Location most trees planted : on main income canung property or other properties 
0.04875 -0 .. H614 0.15568 0.02999 0.27824 0.16452 0.11852 0.05281 -0.19720 -0.04314 0.11367 0.31095 0.19846 -0.33451 0.10811 

More tree planting causes more fires 
-0.09551 0.02465 0.02474 -0.07043 -0.10002 -0.01940 -0.03056 -0.00791 0.08130 0.02945 0.03466 -0.14843 -0.08367 -0.021 72 0.75514 

Budgeong for agroforestry 
-0.03289 -0.18576 0.169.iO 0.16287 0.09048 -0.04537 0.06970 0.171(}+ -0.00611 0.20204 0.20959 0.21008 0.34626 -0.08500 0.46743 

Main i.nfonnatwn source abc>ut agr0forestry- CALI\! 
O.W318 -0.10569 -0.11093 0.00386 0.15062 0.02013 0.13085 0.02092 -0.10317 -0.18944 0.31799 0.12341 0.10259 0.33015 0.34298 

V arian::e explained by edch fa<.: tor 
0.0740 0.0674 0 .0616 0.0579 0.0472 0.0441 0.0423 0 .0396 0.0372 0.0358 0.0338 0.0316 0.0306 0.0297 0.0289 

Tuia! \"aria.nee explained: 66.17 o/c Number of Observations : 393 

Eigenvalues 
2.5901 2 .~574 2.1555 2.0282 1.6535 J.5446 1.4820 1.3853 1.3012 1.2527 1.1813 1.1069 1.069'> l .040Q 1.0 1 



Full Model Fitted 

Variable 

1.NTERCEP 
Older, experierx:ed farrnen 

Light to medium soil types but not in wettest growing areas 
Older property characteristics (age, clearing date, type) 

Windbreaks knowledge 
Minimum tillage use and wirxl erosion experieoce 

Wheat/sheep farrr!ll unaware of agroforestry for fire control 
Wool growers aware of weekly radio news on agroforestry 

Smaller light lard farms in the wetter growing areas 
Sheep farms producing meat and wool 

Property expansion goals with history of this 
Information sources are non-farm arr:! other farm= 

Sheep meat farms, using information not from other farmers 
Heard of agroforestry, but not using books/videos 

DAW A is main information source 
Trce./fire awareness, bwgeting, and CALM for information 

DF 

F-Value 2.193 
Prob>F 0.0106 

R-square 0.2335 
Adj R-sq 0.1270 

Degrees of Freedom 123 

Parameter 
&timate 

-0.165286 
-0.123368 
-0.126759 
-0.231103 
-0.149978 
-0.049911 
0.147281 
0.059045 
0.120999 

-0.133879 
-0.094046 
0.179417 
0.139837 
0.045537 

-0.263206 
0.123377 

Standard 
Error 

0 .11060692 
0.08887387 
0 .09487007 
0.09639961 
0.08952842 
0.09620'.!03 
0.08913326 
0.09272040 
0 .08035981 
0.08975100 
0.08724867 
0.09563082 
0.08214518 
0.10410399 
0.09268823 
0.10543003 

Final Model (Backward Elimination) 

Variable 

1.NTERCEP 
Older property characteristics (age, clearing date, type) 

DAW A is main information source 

DF 

F-Value 7.081 
Prob>F 0.0012 

R-square 0.1048 
Adj R-sq 0.0900 

Degrees of Freedom 123 

Parameter 
&timate 

-0.009366 
-0.266970 
-0.177537 

FulJ Model Fitted 

Variable 

1.NTERCEP 
Older, experieix:ed farmers 

Light to medium soil types but not in wettest growing areas 
Older property characteristics (age, clearing date, type) 

Windbreaks knowledge 
Minimum tillage use and wirxl erosion experierx:e 

Wheat/sheep farrr!ll unaware of agroforestry for fire control 
Wool growers aware of weekly radio news on agroforeslry 

Smaller light land farms in the wetter growing areas 
Sheep farms producing meat and wool 

Property ex pans ion goals with history of this 
Information sources are non-farm and other farm= 

Sheep meat farms, using information not from other farmers 
Heard of agroforeslry, but not using books/videos 

DAW A is main information source 
Trec./fire awareness, bwgeting, and CALM for information 

DF 

F-Va!ue 1.853 
Prob>F 0.0363 

R-square 0.2o.t6 
Adj R-sq 0.0942 

Degrees of Freedom 123 

Parameter 
&timate 

-0.114128 
-0.018031 
-0.0900)3 
0.031699 
0.166794 
0.297531 

-0.019590 
-0.009552 
-0.037566 
-0.026367 
0.213502 
0.062658 
0.010671 

·0.090439 
-0.151714 
0.194534 

Standard 
Error 

0.08649415 
0 .08972198 
0.08448086 

Standard 
Error 

0.11605184 
0 .09324893 
0.09954031 
0.10114514 
0.09393570 
0.10093784 
0.09352109 
0.09728.+81 
0.08431574 
0.09416923 
0.09154372 
0.10033851 
0.08618900 
0.10922879 
0.09725106 
0.11062011 

Final Model (Backward Elimination) 

Variable 

1.NTERCEP 
Windbreaks knowledge 

Minimum tillage use alxl wiJxl erosion experience 
Property expansion goals with history of this 

Tree/fire awareness, bwgeting, aix! CALM for information 

DF 

F-Value 6.102 
Prob>F 0.0002 

R-square 0 .1 702 
Adj R-sq O.l.i:!3 

Degrees of Freedom 123 

129 

Parameter 
&timate 

-0.074330 
0.174950 
0.271971 
0.237566 
0.177937 

Standard 
Error 

0.08864586 
0 .08663340 
0.09373298 
0.08502890 
0.09978326 

't' for 110: 
Parametcr=O 

-U94 
-1.388 
-1.336 
-2.397 
-1.675 
-0.519 
1.652 
0.637 
1.506 

-IA92 
-1.078 
1.876 
1.702 
0.437 

-2.840 
1.170 

't' for HO: 
Parameter=O 

-0.108 
-2.976 
-2.102 

't' for HO: 
Parameter=() 

-0.983 
-0.193 
-0.905 
0.313 
1.776 
2.948 

-0.209 
-0.098 
-0..+46 
-0.280 
2.332 
0.624 
0.124 

-0.828 
-1.560 
1.759 

'I' for HO: 
Parameter=() 

-0.839 
2.019 
2.902 
2.794 
1.783 

Prob>F 

0.1380 
0.1680 
0.1843 
0.0182 
0.0968 
0.6050 
0.1014 
0.5256 
0.1351 
0.13 87 
0.2835 
0.0633 
0.0916 
0.6627 
0.0054 
0.2-145 

Prob>F 

0.9140 
0.0035 
0.0377 

Prob>F 

0.3276 
0.8.+70 
0.3674 
0.7546 
0.0786 
0.0039 
0.83.+5 
0.9220 
0.6568 
0.7800 
0.0215 
0.5336 
0.9017 
0..+095 
0.1217 
0.0815 

Prob>F 

o . .i034 
o.o.+57 
0.0044 
0.0061 
0.0771 



::~~t!i~~~~11~1~~illi~~1-rir~11~r~~ilf!1~~~~r~!~!l~9~1~~!~~:ltl~~l1i1;1'.1tm; 
Full Model Fitted 

Variable 

INfERCEP 
Older, experienced farmel'll 

Light to medium soil types but not in wettest growing areiu 
Older property characteristics (age, clearing date, type) 

Windbreaks knowledge 
Minimum tillage use an:! wind erosion experience 

Wheat/sheep fanns unaware of agroforestry for fire control 
Wool growers aware of weekly radio news on agroforestry 

Smaller light Jani fanns in the wetter growing areas 
Sheep farms producing meal and wool 

Property expansion goals with history of this 
Information sources are non-farm an:! other fanners 

Sheep meat farms, using information not from other farmers 
Heani of agroforestry, but not using books/videos 

DAW A is main information source 
Tree/fire awareness, bixlgeting, am CALM for information 

DF 

F-Value 1.194 
Prob>F 0.2875 

R-square 0.1422 
Adj R-sq 0.0231 

Degrees of Freedom 123 

Parameter 
Estimate 

0.026145 
0.047595 

-0.002191 
-0.189443 
-0.248888 
0 .009 145 

-0.046101 
0.000155 
0.036642 

-0.078352 
-0.190245 
0.056070 
0.058460 

-0.056132 
0.060489 
0.311995 

Standard 
Error 

0.12469512 
0.10019390 
0.10695385 
0.10867821 
0.10093182 
0.10845546 
0.10048633 
0.10453036 
0.09059538 
0.10118175 
0.09836170 
0.10781150 
0.09260816 
0.11736390 
0.10449410 
0.11885885 

Final Model (Backward Elimination) 

Variable 

INfERCEP 
Older property characteristics (age, clearing date, type) 

Windbreaks knowledge 
Property expansion goals with history of this 

Tree/fire awareness, bix!geling, an:! CALM for information 

DF 

F-Value 4.159 
Prob>F 0.0034 

R-square 0.1217 
Adj R-sq 0.0932 

Degrees of Freedom 123 

Parameter 
Estimate 

0.017948 
-0.199094 
-0.246578 
-0.191964 
0.310802 

Full Model Fitted 

Variable 

INfERCEP 
Older, experieoced farmers 

Light lo medium soil types but not in wettest growing areas 
Older property characteristics (age, clearing date, type) 

Windbreaks knowledge 
Minimum tillage use an:! wind erosion experience 

Wheal/sheep farms unaware of agroforestry for fire control 
Wool growel'll aware of weekly radio news on agroforestry 

Smaller light Ian:! farms in the welter growing areas 
Sheep farrns producing meat and wool 

Property expansion goals with history of this 
Information sources are non-farm and other farmers 

Sheep meal farms, using information not from other fanncn 
Heard of agroforestry, but not using books/videos 

DAW A is main information source 
Tree/fire awareness, bixlgering, and CALM for information 

DF 

F-Value 2.059 
Prob>F 0.0174 

R-square 0.2224 
Adj R-sq 0.1144 

Degrees of Freedom 123 

Parameter 
Estimate 

-0.102667 
-0.046653 
-0.084836 
-0.129767 
-0.062721 
0.085004 
0.043874 
0.021358 
0.045998 

-0.083419 
-0.009367 
0.109866 
0.075781 

-0.025645 
-0.148613 
0.192320 

Standard 
Error 

0.09352351 
0.09978576 
0.0919Wn 
0.09188530 
0.10969206 

Standard 
Error 

0.06416655 
0.05155853 
0.05503711 
0.05592444 
0.05193825 
0.05580982 
0.05170901 
0 .05379001 
0.04661925 
0.05206737 
0.05061570 
0.05547844 
0.04765500 
0.06039399 
0.05377135 
0.06116317 

Final Model (Backward Elimination) 

Variable 

INfERCEP 
Older property characteristics (age, clearing date, type) 

DAW A is main information source 
Tree/fire awareness, bixlgeting, and CALM for information 

DF 

F-Value 5.606 
Prob>F 0.0012 

R-square 0.1229 
Adj R-sq 0.1010 

Degrees of Freedom 123 

130 

Parameter 
Estimate 

-0.006964 
-0.157386 
-0.098628 
0.1 6251 1 

Standard 
Error 

0.05049906 
0.05275519 
0 .04883036 
0.05861058 

'l' for HO: 
P ararneter=O 

0.210 
0.475 

-0.020 
-1.743 
-2.466 
0.084 

-0.459 
0.001 
0.404 

-0.774 
-1.934 
0-520 
0.631 

-0.478 
0.579 
2.625 

't' for HO: 
Pararneter=O 

0.299 
-1.995 
-2.681 
-2.089 
2.833 

'l' for HO: 
Parameter=O 

-1.600 
-0.905 
-1.541 
-2.320 
-1.208 
1.523 
0.848 
0.397 
0.987 

-1.002 
-0.185 
1.980 
1.590 

-0.425 
-2.764 
3.144 

't' for HO: 
Pararneter=O 

-0.138 
-2.983 
-2.020 
2.773 

Prob>F 

0.8343 
0.6357 
0.9837 
0.0842 
0.0152 
0.9330 
0.6473 
09988 
0.6867 
0.'404 
0.0557 
0.6041 
0.5292 
0.6334 
0.5639 
0 .0099 

Prob>F 

0.7656 
0.0483 
0.0084 
0.0388 
0.0054 

Prob>F 

0.1125 
0.3676 
0.1261 
0.0222 
0.2298 
0.1307 
0.3980 
0.6921 
0.3260 
0.1120 
0.8535 
0.0502 
0.1 147 
0.6720 
0.0067 
0 .0021 

Prob>F 

0.8906 
0.0035 
0.0456 
0.0064 

I • 



Full Model Fitted 

Variable 
INTERCEP 

Older, experienced farmers 
Light to medium soil types but not in wettest growing areas 

Older property cbaraclerulics (age, clearing date, type) 
Windbreaks knowledge 

Minimum tillage use arri wind erosion experience 
\\'heat/sheep farms unaware of agroforestry for fire control 
Wool growers aware of weekly radio news on agroforestry 

Smaller light land farms in the wetter growing areas 
Sheep farn:n prochring meal and wool 

Properly expansion goals with history of this 
Information sources are non-farm arri other farmers 

Sheep meat fanns, using information not from other farmers 
Heard of agroforestry, but not using books/videos 

DAW A is main information source 
Tree/fire awareness, budgeting, arri CALM for information 

DF 
1 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
1 
1 

F-Value 6.023 
Prob>F 0.0001 

R-square 0.31TI 
Adj R-sq 0.2650 

Degrees of Freedom 209 

Parameter 
&tirnale 

-0.020600 
..Q.046898 
-0.257301 
-0.10078 1 
0.147257 

-0.092754 
-0.094924 
0.006393 
0.24-i738 
0.175073 

-0.268833 
0.096607 
0.069791 

-0.032257 
-0.056967 
0.183077 

Standard 
Error 

0 .06140936 
0.05969553 
0.06316785 
0 .06008121 
0.06067866 
0.06351292 
0.05852239 
0.05818568 
0 .05934726 
0.05839435 
0.05586524 
0.05881176 
0.06093508 
O.OM02049 
0.06197735 
0.06256014 

Final Model (Backward Elimination) 

Variable 
INfERCEP 

Light to medium soil types but nol in wettest growing areas 
Older property cbaracterutics (age, clearing date, type) 

Windbreaks knowledge 
Minimum tillage use arri wind crooion experience 

Sheat/sheep farms unaware of agroforestry for fire control 
Smaller light larri fanns in the wetter growing areas 

Sheep farms producing meat and wool 
Property expansion goals with history of this 

Tree/fire awareness, budgeting, arri CALM for information 

DF 
I 
J 
J 
1 
I 
J 
I 
I 
I 
I 

F-Value 9.475 
Prob>F 0.0001 

R-squarc 0.2989 
Adj R-sq 0.2674 

Degrees of Freedom 209 

131 

Parameter 
&timatc 

0.013388 
-0.246036 
-0.116147 
0.151281 

-0.111460 
-0.119706 
0.238381 
0.181861 

-O.T/6073 
0.172241 

Standard 
Error 

0.05825115 
0.06188180 
0 .05923733 
0 .06027281 
0.06215068 
0.05693130 
0.05825178 
0.05802006 
0.05512002 
0.06209338 

't' for HO: 
Pararneter=O 

-0.335 
-0.786 
-4.073 
-J.677 
2.427 

-1.460 
-1.622 
0.110 
4.124 
2.998 

-4.812 
J.643 
1.145 

..Q.504 
-0.919 
2.926 

't' for HO: 
Pararncler=O 

0.230 
-3.976 
-1.961 
2.510 

-1.793 
-2. 103 
4.092 
3.134 

-5.009 
2774 

Prob>F 
0.7376 
0.4331 
0.0001 
0.0951 
0.0161 
0.J.158 
0.1064 
0.9126 
0.0001 
0.0031 
0.0001 
0.1021 
0.2535 
0.6149 
0.3592 
0.0038 

Prob>F 
0.8185 
0.0001 
0.0513 
0.0129 
0.0744 
0.0367 
0.0001 
0.0020 
0.0001 
0.0061 



Full Model Fitted 

Variable 

INfERCEP 
Older, experie:oced fanners 

Light lo medium soil types but not in wettest growing areas 
Older property cbaracteristio (age, clearing date, type) 

Windbreaks knowledge 
Minimum tillage use and win:! erosion experierx:e 

Wheat/sheep fanm unaware of agroforestry for fire conlrol 
Wool growers aware of weekly radio news on agroforesiry 

Smaller light land fanm in the wetter growing areas 
Sheep farIDJ1 producing meat and wool 

Property expansion goals with history of lhis 
Information sources arc non-farm and other farmers 

Sheep meat farms, using information not from other farmers 
Heard of agroforestry, but not wiing books/videos 

DAW A is main information source 
Tree/fire awareness, budgeting, and CALM for information 

DF 

F-Value 4.383 
Prob>F 0.000 I 

R-square 0.2531 
Adj R-sq 0.1954 

Degrees of Freedom 209 

Parameter 
Estimate 

-0.044062 
-0.032553 
0.048228 
0.232596 
0.106094 
0.325792 
0.(}41573 
0.106373 
0.078376 

-0.054748 
0.091635 
0.18.t566 
0.059814 
0.170903 

-0.047674 
0.229118 

Standard 
Error 

0.06575578 
0.06392065 
0.06763873 
0.06433363 
0.06497336 
0.06800822 
0.06266447 
0.06230394 
0.06354772 
0.06252737 
0.05981926 
0.06297432 
0.06524793 
0.06855172 
0.06636397 
0.06698801 

Final Model (Backward Elimination) 

Variable 

INfERCEP 
Older property characteristics (age, clearing date, type) 

Windbreaks knowledge 
Minimum tillage use and wind erosion experierx:e 

Information sources are non-farm and other farmers 
Heard of agroforesiry, but not wiing books/videos 

Tree/fire awarencss, budgeting, and CALM for information 

DF 

F-Value 9.305 
Prob>F 0.0001 

R-square 0.2157 
Adj R-sq 0.1925 

Degrees of Freedom 209 

Parameter 
Estimate 

-0.018493 
0.202017 
0.109518 
0.305918 
0.156000 
0.163444 
0.220192 

Standard 
Error 

0.06356676 
0.06339577 
0.06433980 
0.06693482 
0.06136523 
0.06741135 
0.06664906 

't' for HO: 
Pararneter-=O 

-0.670 
-0.509 
0.713 
3.615 
1.633 
4.790 
0.663 
!.?ITT 
1.233 

-0.876 
1532 
2.931 
0.917 
2.493 

-0.718 
3.420 

'I' for HO: 
Parameter-=O 

-0.291 
3.187 
1.702 
4.570 
2.5.t2 
2.425 
3.304 

Prob>F 

0.5036 
0.6111 
0.4767 
0.0004 
O.IC>il 
0.0001 
05ITT8 
0.0894 
0.2189 
0.3823 
0.1272 
0.0038 
0.3604 
0.0135 
0.4734 
0.0008 

Prob>F 

0.7714 
0.0017 
0.0903 
0.0001 
0.0118 
0.0162 
0.0011 

: 1~~~~~1~~\~1ll~i-''1ll~l?ll'l~ltil~~l~1ll!~B'l~!~@~~~1~~t~~i~i! 
Full Model Fitted 

Variable 

INfERCEP 
Older, experienced fanners 

Light lo medium soil types but not in wettest growing areas 
Older property characteristics (age, clearing date, type) 

Windbreaks knowledge 
Minimum tillage use and win:! erosion cxpericrx:e 

Wheat/sheep farms unaware of agroforestry for fire control 
Wool growers aware of weekly radio news on agroforeslry 

Smaller light land farms in the wetter growing areas 
Sheep farms prcducing meal and wool 

Property expansion goals with history of this 
Information sources are non-farrn and other farmers 

Shee.p meal farms, using information not from other farmers 
Heard of agroforcsiry, but not using books/videos 

DAWA is main information source 
Tree/fire awarencss, budgeting, and CALM for information 

DF 

F-Value 1.3'.l4 
Prob>F 0.1905 

R-square 0.0929 
Adj R-sq 0.0227 

Degrees of Freedom 209 

Parameter 
Estimate 

-0.068448 
0.006295 
0.063828 

-0.109624 
-0.165263 
0.009611 
0.007626 
0.059132 

-0.105505 
-0.063729 
0.014644 
O.Q.16575 
0.099918 
0.173963 
0.004.t89 
0.Q.15790 

Standard 
Error 

0.07228530 
0.07026795 
O.ITT435523 
0.07ITT2193 
O.ITTl42519 
O.ITT476141 
0.06888703 
0.06849069 
0.06985799 
0.06873632 
0.06575929 
0.06922765 
0.0717Z703 
O.ITT535888 
0.07295389 
0.07363989 

Final Model (Backward Elimination) 

Variable 

INTERCEP 
Older property characteristics (age, clearing date, type) 

Windbreaks knowledge 
Heard of agroforestry, but not using books/videos 

DF 

F-Valuc 4.210 
Prob>F 0.0065 

R-square 0.0578 
Adj R-sq 0.Q.1.tO 

Degrees of Freedom 209 

132 

Parameter 
EstlIOatC 

-0.046583 
-0.117015 
-0.146867 
0.170619 

S1andard 
Error 

0.06703600 
0.068.tOOIO 
0.06g]5678 
0.07269330 

'l' for HO: 
Pararneler-=0 

-0.947 
0.090 
0.858 

-1550 
-2.314 
0.129 
0.111 
0.863 

-1.510 
-0.927 
0.223 
0.673 
1.393 
2.308 
0.062 
0.622 

't' for HO: 
Parameter-=O 

-0.695 
-1.711 
-'.!.105 
2.347 

Prob>F 

0.3449 
0.9287 
0.3917 
0.1228 
0.0217 
0.8g]8 
0.9120 
0.3890 
0.1326 
0.3550 
0.82.tO 
0.5019 
0.1652 
0.0220 
0.9510 
0.5348 

Prob>F 

O..t879 
0.0886 
0.0365 
0.0199 

Ii 
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Full Model Fi tted 

Variable 

INTERCEP 
Older, experier:x:cd farmers 

Light lo medium soil lypc:3 but oot in wettest growing areas 
Older property characteristics (age, clearing date, type) 

Windbreaks knowledge 
Mininrum tillage use and wind er011ion experier:x:e 

Wheat/sheep fanru tmaware of agroforestry for fire control 
Wool growers aware of weekly radio news on agroforestry 

Smaller light land farms in the wetter growing areas 
Sheep farms producing meat ao:l wool 

Property expansion goals with history of this 
Information soUICes are non-farm and other farmers 

Sheep meat farms, using information nol from other farmers 
Heard of agroforestry, but not using books/videos 

DAW A is main information soUICe 
Tree/fire awareness, bulgeting, and CALM for infcnnation 

DF 

F-Value 3.398 
Prob>F 0.0001 

R-square 0.2081 
Adj R-sq 0.1468 

Degrees of Freedom 209 

Parameter 
Estimate 

-0 .~1174 
-0.027688 
-0.073023 
0.000783 
0.047846 
0.066187 

-0.023931 
0.052196 
0.095816 
0.037221 

-0.077844 
0.110191 
0.0750"..3 
0.088252 

-0.037044 
0.159413 

Standard 
Error 

0.03938716 
0.03828794 
0.04051503 
0.03853531 
0.03891850 
0.04073635 
0.03753550 
0.03731954 
0.03806456 
0.03745337 
0.03583124 
0.03772109 
0.03908297 
0.04106191 
0.03975146 
O.C»Ol2525 

Final Model (Backward Elimination) 

Variable 

INTERCEP 
Smaller light land farms in the wetter growing areas 

Property ex pans ion goals with hist cry of this 
lnfonnation soUICes are non-farm and other farmers 

Sheep meat farms, using information nol from other farmers 
Heard of agroforestry, but nol using books/videos 

Tree/fire awareness, bulgeting, and CALM for information 

DF 

F-Value 6.675 
Prob>F 0.0001 

R-square 0.1648 
Adj R-sq 0.1401 

Degrees of Freedom 209 

133 

Parameter 
Estimate 

-0.024101 
0.075059 

-0.074776 
0.101292 
0.078206 
0.073582 
0.159067 

Standard 
Error 

0.03795746 
0.03729349 
0.03574076 
0.03673257 
0.03834488 
0.04038615 
0.03994264 

"t' for HO: 
Parameter=O 

-l.C»5 
-0.723 
-1.802 
0.020 
1.229 
1.625 

-0.638 
1.399 
2.517 
0.994 

-2.173 
2.921 
1.920 
2.149 

-0.932 
3.973 

't' for HO: 
Parameter=O 

-0.635 
2.013 

-2.092 
2.758 
2.040 
1.822 
3.982 

Prob>F 

0.2972 
0.4705 
0.0730 
0.9838 
0.2204 
0.1058 
0.5245 
0.1635 
0.0126 
0.3216 
0.0310 
0.0039 
0.0564 
0.0329 
0.3525 
0.0001 

Prob>F 

0.5262 
0.0455 
0.0377 
0 .0064 
0.0427 
0.0699 
0.0001 



Full Model Fitted 

Variable 

INTERCEP 
Favourable discharge area an:! waterway land degnidation control attih.dcs 

Uninterested, non-conversant attitudes 
Inexperienced farm tree growers either not involved in bush 

management or having non-monetary attitudes towards it 
Favourable shelter, aesthetics and bush management attitudes 

Wini affected farmlan:I 
Recently cleared farms 

Largely cleared, low rainfall, mallee and sandplain country 
Mixed erosion control, property value improvement and bush management 

oriented decision-making 
Budgeting for bush management, and shrub and tree growing on all properties 

Older farms without current property value improvement plantings 
Experienced, non-expansionary farmers 

Small, mainly sheep farms 
E.ducated, less experienced sheep farmers 
Written, professional information sOUICes 

Mainly non-professional, non-farm information sources 
Awareness about windbreak theory, and need for bush management incentives 

Successful bush management, an:! growing native species 
Unsuccessful bush management, or growing native or exotic species 

Successfully growing native and exotic species 

DF 

F-Value 1.511 
Prob>F 0.1314 

R-square 0.4060 
Adj R-sq 0.1373 

Degrees of Freedom 61 

Parameter 
&timate 

-0.035770 
0.112276 

-0.199576 

0.263949 
-0.083664 
-0.253639 
0.186622 

-0. 100889 

0.097838 
0.188454 

-0.175222 
0.003023 
0.110292 
0.108285 

-0.133776 
0.087465 

-0.042253 
0.069375 

-0.162542 
-0.226603 

Standard 
Error 

0.16408846 
0.17742931 
0 .14874472 

0.17918322 
0.15439229 
0.16739918 
0.17009431 
0.13384788 

0.13575510 
0.20642220 
0.11641755 
0.13653765 
0 .13110703 
0.14507450 
0.14660044 
0.13097730 
0.15750200 
0.15231930 
0.16190149 
0.19374606 

Final Model (Backward Elimination) 

Variable 

INTERCEP 
Wini affected farmlan:I 

Small, mainly sheep farms 
Mixed erosion control, property value improvement and bush management 

oriented decision-making 
Budgeting for bush management, an:! shrub and tree growing oo all farmed land 

Older fanm without current property value improvement plantings 

OF 

F-Value 4.852 
Prob>F 0.0009 

R-square 0.3023 
Adj R-sq 0.2400 

Degrees of Freedom 61 

134 

Parameter 
&timate 

0.005357 
-O.Z71394 
0.186602 

0.166674 
0.407546 

-0.188620 

Standard 
Error 

0.11909332 
0.12942619 
0.10301195 

0.09429074 
0.15623354 
0.09367209 

't' for HO: 
Parameter={) Prob>F 

-0.218 0 .8285 
0.633 0 .5303 

-1.342 0.1869 

1.473 0.1482 
-0.542 0.5908 
-1.515 0.1372 
l.097 0.Z788 

-0.754 0.4552 

0.721 0.4751 
0.913 0.3665 

-1.505 0.1398 
0.022 0.9824 
0.841 0.4050 
0.746 0.4596 

-0.913 0.3667 
0.668 0 .5079 

-0.268 0.7898 
0.455 0.6511 

-1.004 0.3211 
-1.170 0.2488 

't'focHO: 
Parameter=O Prob>F 

0.045 0.9643 
-2.097 0.0405 
1.811 0.0754 

1.768 0.0826 
2.609 0.0116 

-2.014 0.0489 



Full Model Fitted 

Variable 

INfERCEP 
Favourable discharge area and waterway lard degradation control attitudes 

Uninterested, non-cooversant attitudes 
Inexperienced fann tree growers either not involved in bush 

management or having non-monetary attitudes towards it 
Favourable shelter, aesthetics and bush management attitudes 

Wied affected farmland 
Recently cleared farms 

Largely cleared, low rainfall, mallee and sandplain country 
Mixed erosion control, property value improvement and bush management 

oriented decision-making 
Budgeting for bush management, and shrub and tree growing on all properties 

Older farms without current property value improvement plantings 
Experienced, noo-exparuionary farmers 

Small, mainly sheep farms 
Educated, less experienced sheep farmers 
Written, professional information sources 

Mainly non-professional, non-farm informatioo sources 
Awareness about windbreak theory, and need for bush management incentives 

Str:Cessful bush management, and growing native species 
Unsuccessful bush management, or growing native or exotic species 

Successfully growing native and exotic species 

DF 

F-Value 1.745 
Prob>F 0.0664 

R-square 0.4412 
Adj R-sq 0.1884 

Degrees of Freedom 61 

Parameter 
Estimate 

0.213266 
0.312133 

-0.360546 

0.112210 
-0.168868 
0.176640 

-0.093480 
0.101907 

-0.008882 
0.260516 

-0.126371 
0.102057 
0.125734 
0.095009 
0.145663 

-0.165627 
-0.153030 
0.018634 
0.0611Z7 
0.074893 

Standard 
Error 

0 . 160081~8 
0.17309656 
0.14511243 

0.17480763 
0.15062209 
0.16331135 
0.16594067 
0.13057937 

0.13244001 
0.20138144 
0.11357468 
0.13320345 
0.12790544 
0.14153183 
0.14302051 
0.12777888 
0.15365586 
0.14859972 
0.15794792 
0.18901486 

Final Model (Backward Eliminati on) 

Variable 

rNfERCEP 
Favourable discharge area and waterway land degradation control altitudes 

Uninterested, non-conversant attitudes 
Wied affected farmland 

Budgeting for bush management, and shrub and tree growing on all farmed land 

DF 

F-Value 6.726 
Prob>F 0.0002 

R-square 0.3206 
Adj R-sq 0.2730 

Degrees of Freedom 61 

135 

Parameter 
Estimate 

0.144402 
0.366839 

-0.315193 
0.214652 
0.270198 

Standard 
Error 

0.1217<J714 
0.13892196 
0.11844557 
0.12631341 
0.16002397 

't' for HO: 
Parameter=() 

1.332 
1.803 

-2.485 

0.642 
-1.121 
1.082 

-0.563 
0.780 

-0.067 
1.294 

-1.113 
0.766 
0.983 
0.671 
1.018 

-1.296 
-0.996 
0.125 
0.387 
0.396 

't' for HO: 
Parameter=() 

1.186 
2.641 

-2.661 
1.699 
1.688 

Prob>F 

0.1900 
0.0785 
0.0170 

0.5244 
0.2686 
0.2856 
05762 
0.4395 

0.9-l68 
0.2029 
0.'.!722 
0.4479 
0.3312 
0.5057 
0.3143 
0.2020 
0.3250 
0.9008 
0.7007 
0.6939 

Prob>F 

0.2404 
0 .0J(J] 
0.0101 
0.09~7 
0.0968 



Full Model Fitted 

Variable 

INTERCEP 
Favourable discharge area and waterway land degradation control attitudes 

Uninterested, non-conversant attitudes 
Inexperienced farm tree growen either not involved in bwh 

management or having non-monetary attitudes towards it 
Favourable shelter, aesthetics and bush management attitudes 

Wirxl affected farmland 
Recently cleared farms 

Largely cleared, low rainfall, mallee and sandplain cotmtry 
Mixed erosion control, property value improvement and bush management 

oriented decision-making 
Budgeting for bush management, and shrub and tree growing on all properties 

Older farms without current property value improvement plantings 
Experienced, non-expansionary farmen 

Small, mainly sheep farms 
Educated, less experienced sheep farmen 
Written, professional information sources 

Mainly non-professiooal, non-farm information sources 
Awareness about windbreak theory, and need for bush management incentives 

Successful btL~h management, and growing native species 
Unsuccessful bush management, or growing native or exotic species 

Successfully growing native and exotic species 

OF 

F-Value 1.969 
Prob>F 0.0339 

R-square 0.4711 
Adj R-sq 0.2318 

Degrees of Freedom 61 

Parameter 
Es timate 

-0.046251 
-0.104655 
-0.039275 

0.130421 
0.092701 
0.149244 

-0.065519 
-0.390734 

0.061790 
0_109563 
0.139563 

-0.079909 
-0.076794 
0 .056098 

-0.130999 
0.035887 
0 .073709 

-0.116418 
-0.045257 
0.234253 

Standard 
Error 

0.13236049 
0.14312177 
0.11998360 

0.14453654 
0 .12453916 
0. 13503105 
0.13720506 
0.10796720 

0.10950564 
0.16650862 
0 .09390718 
0 .11013688 
0 .10575631 
0.11702305 
0.11825393 
0.10565167 
0.12704758 
0.12286700 
0.13059639 
0.15628353 

Final Model (Backward Elimination) 

Variable 

lNfERCEP 
Largely cleared, low rainfall, mallee and sandplain cotmtry 

Successfully growing native and exotic species 

DF 

F-Value 12.320 
Prob>F 0.0001 

R-square 0.2946 
Adj R-sq O.Z707 

Degrees ofFrecdom 61 

136 

Parameter 
Estimate 

-0.027590 
-0.382499 
0.243534 

Standard 
Error 

0.09548414 
0.08642190 
0.1 2923460 

' t' for HO: 
Parameter=() 

-0.349 
-0.731 
-0.327 

0.902 
0.744 
1.105 

-0.478 
-3.619 

0.564 
0.658 
1.486 

-0.726 
-0.726 
0.479 

-1.108 
0.340 
0.580 

-0.948 
-0.347 
1.499 

't' for HO: 
Parameter=() 

-0.289 
-4.426 
1.884 

Prob>F 

0.7285 
0.4687 
0.7450 

0.3720 
0.4608 
0.2753 
0.6355 
0.0008 

0.5756 
0.514 1 
0.1447 
0.4721 
0.47 18 
0.6342 
0.2743 
0.7358 
0 .5649 
0 .3488 
0 .7307 
0.14 14 

Prob>F 

0.7736 
0.0001 
0.0644 



1~~1]~~~t!1:~11~11111~111~l1~t11~11a1111•1~ri:~~~!~!l~~~~:~;~~~ : 
Full Model Fitted 

Variable 

INfERCEP 
Favourable ducharge area and waterway land degradation control attitudes 

Uninterested, non-convenant attitudes 
lnexperierrcd farm tree growen either not involved in bllllh 

management or having non-monetary attitudes towards it 
Favourable shelter, aesthetics and bush management attitudes 

Wind affected farmland 
Recently cleared fanm 

Largely cleared, low rainfall, mallee and sandplain country 
Mixed erosion control, property value improvement and bush management 

oriented decuion-making 
Budgeting for bush management, and shrub and tree growing on all properties 

Older farms without current property value improvement plantings 
Experienced, non-expansionary farrnen 

Small, mainly sheep fann:s 
Educated, less experienced sheep farrnen 
Written, professional information sources 

Mainly non-professional, non-farm information sources 
Awareness about windbreak thoory, and the need for bush management incentives 

Successful bush management, and growing native species 
Unsuccessful bush management, or growing native or exotic species 

Successfully growing native and exotic species 

DF 

F-Value 2.406 
Prob>F 0.0089 

R-square 0.5211 
Adj R-sq 0.3045 

Degrees of Freedom 61 

Parameter 
Estimate 

0.039026 
0.114542 

-0.205395 

0.179619 
-0.061394 
-0.007793 
0.029387 
--0.117~ 

0.054556 
0.1 89085 

-0.072785 
0.010950 
0.063287 
0.089687 

-0.045822 
--0.005787 
-0.044694 
0.002079 

--0.060269 
-0.004879 

Standard 
Error 

0.08895478 
0.09618706 
0.08063672 

0.09713788 
0.08369835 
0.09074958 
0.09221065 
0.07256092 

0.07359485 
0.111~53 
0.06311168 
0.07401909 
0.07107506 
0.07864704 
0.07947427 
0.07100474 
0.08538417 
0.08257455 
0.08776920 
0.10503261 

Final Model (Backward Elimination) 

Variable 

INfERCEP 
Favourable ducharge area and waterway land degnidation control attitudes 

Uninterested, non-conversant attitudes 
lncxperierred farm tree grow~. either not involved with bush 

management or having non-monetary attitudes towards it 
Largely cleared, low rainfall, mallcc and sandplain country 

nsuccessful bush management, or growing native or exotic species 
Budgeting for bush management, and shrub and tree growing on all farmed land 

Older farms without current property value improvement plantings 

DF 

F-Value 7. 132 
Prob>F 0.0001 

R-square 0.4804 
Adj R-sq 0.4130 

Degrees of Freedom 61 

137 

Parameter 
Estimate 

0.035866 
0.151062 

--0.183381 

0.159785 
-0.160226 
-0.103584 
0.178008 

-0.092341 

Standard 
Error 

0.06965054 
0.07567332 
0.06708135 

0.08282610 
0.05688526 
0.05916264 
0.08948080 
0.052870')3 

't' for HO: 
Parameter=O Prob>F 

0.439 0.6631 
1.191 0.2404 

-2.547 0.0146 

1.849 0.0715 
-0.734 0.4673 
-0.086 0.9320 
0.319 0.7515 

-1.625 0.1117 

0.741 0.4626 
1.690 0.0985 

-1.153 0.'.!553 
0.148 0.8831 
0.890 0.3783 
1.140 0.2606 

-0.577 0.5673 
-0.081 0.9354 
-0.523 0.6034 
0.025 0.9800 

-0.687 0.4961 
-0.046 0.9632 

't' for HO: 
Parameter=() Prob>F 

0.515 0.6087 
1.996 0.0510 

-2.734 0.0085 

1.929 0.0590 
-2.817 0.0068 
-1.751 0.0857 
1.989 0.05 17 

-J.747 0.0864 
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