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ABSTRACT 

 

 The global adoption and diffusion of conservation tillage has made considerable 

progress over the last 20 years. No-till and zero-tillage could be seen as representing the 

current technological end-point of the conservation tillage movement. This thesis uses 

descriptive statistics and both logit and duration regressions to analyse the influence of 

cross-sectional and time-dependent factors on the probability of no-till adoption by growers 

in Australia’s southern grain growing regions. Cross-section and time-series data on 

individual adoption decisions was gathered through interviews and employed in 

conjunction with generic time series data from various government agencies in a duration 

analysis modelling framework.  

 

Descriptive statistics suggest that weed management and herbicide resistance are important 

considerations for growers in their tillage decisions, predominantly due to the substitution 

of herbicides for the physical weed control provided by cultivation. Logit and duration 

regressions identify a number of significant factors influencing growers’ adoption 

decisions. These include growers’ perceptions of herbicide efficacy and sowing timeliness 

in no-till systems; the declining price of glyphosate relative to diesel; average annual 

rainfall and growers’ proximity to other adopters and opportunities to observe the beneficial 

effects of no-till.  

 

The results suggest that research and development of integrated weed management 

practices that are compatible with no-till systems is highly important if no-till systems are 

to be sustained in Australia’s southern wheatbelt. Such research and development should 

acknowledge the high value which growers place on locally generated information and the 
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channels used to acquire such information, namely local extension events and consulting 

services.  

 

This thesis shows how duration analysis, with its ability to take account of both cross 

sectional and time-varying factors, can provide a statistical modelling framework better 

suited to the study of adoption decisions than traditional cross sectional methods based on 

logit and tobit analyses.
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INTRODUCTION 

 

This thesis examines the adoption of conservation tillage in southern Australian 

cropping systems and the importance of time-dependent factors in growers’ adoption 

decisions. No-till, (a form of conservation tillage), represents an important progression in 

global broadacre agriculture due to its beneficial effects in terms of conserving soil organic 

matter and soil moisture. These represent two important constraints on the productivity of 

grain production in southern Australia.  

 

The intensity of cropping in Australia’s southern grain growing regions has increased by 

1% per annum over the last 15 years (ABARE, 2005), with a concomitant increase in the 

demand for better soil conservation through reduced tillage. No-till organisations and state 

departments of agriculture had and continue to have major programs aimed at promoting 

no-till adoption. The intention of this study is to assist in the promotion and development of 

no-till systems. 

 

Wheat is the main crop grown in southern Australia, with the southern states of Western 

Australia (WA), South Australia (SA), Victoria (Vic) and New South Wales (NSW) 

producing 96% of Australia’s total wheat crop in 2003/04. The entire wheat crop in these 

states was valued at approximately $5.5b in 2003/04, representing approximately 58% of 

Australia’s total value of grain production in that year (ABARE, 2004).  

 

The three papers which make up the body of this thesis present different analyses of data 

gathered through a telephone survey of 384 grain growers in the states of WA, SA, Vic and 

NSW. The first paper (Chapter 2) concentrates on descriptive data from WA and SA 
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because a greater sample size was achieved in those states and they had distinctly different 

levels of adoption. The other papers, (i.e. Chapters 3 and 4) present statistical analyses of 

the factors influencing growers’ no-till adoption decisions across all the regions surveyed. 

Three methods of analysis are used: non-parametric (Chapter 2), logit (Chapter 3) and 

duration analysis (Chapter 4). This range of techniques provides a greater insight into the 

issues surrounding no-till adoption than any single method in addition to demonstrating the 

benefits of using duration analysis in exploring the time-dependent nature of no-till 

adoption. 

 

The adoption of agricultural innovations literature is reviewed in Chapter 1, with the 

progress in this field followed from its early beginnings during the Green Revolution up to 

the present. Both the methodological and theoretical developments are discussed with 

respect to the adoption of soil conservation measures and conservation tillage in particular.  

 

Chapter 2 reveals the importance of weed management in WA and SA growers’ no-till 

adoption decisions through descriptive statistics. Growers potentially face a heavy reliance 

on herbicides when the physical selection pressure on weed populations provided through 

tillage is removed, unless alternative, non-herbicidal strategies are adopted. In cropping 

systems where herbicidal weed control has an economic advantage over other methods and 

wheat rotations are a highly profitable option, ongoing use of no-till combined with grass-

selective herbicides can increase the risks of herbicide resistance in fecund, genetically 

diverse weed species such as annual ryegrass (Lolium rigidum Gaud.). Indeed, as Chapter 2 

shows, many growers have reduced their use of no-till in the face of concerns regarding the 

increased occurrence of herbicide resistance.  
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Chapter 3 describes the specification of a logit model which considers the influence of 

various cross-sectional factors on growers’ likelihood of adoption. This analysis reveals 

how growers’ perceptions regarding the particular agronomic factors related to no-till and 

the use of local information sources are likely to influence the probability of adoption. 

However, this model falls short of being able to accommodate and therefore identify the 

importance of time-dependent factors that influence the adoption and diffusion of no-till.  

 

This deficiency is addressed in Chapter 4 through the development of a duration model in 

which time-varying factors, such as local application of no-till technology, seasonal 

conditions and changes in input prices are revealed to be of significant importance in 

growers’ adoption decisions.  

 

The thesis then concludes with an outline of significant cross sectional and time-dependent 

factors influencing the adoption of no-till in southern Australian cropping systems and a 

discussion of suggestions for further research in the area of no-till adoption and in 

modelling the factors influencing adoption decisions.  
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CHAPTER 1 

 

Literature review 

 

A large volume of international research into factors influencing the adoption of 

conservation tillage can be found in the literature studying the adoption and diffusion of 

innovations. However, studies addressing the issue of conservation tillage adoption in 

Australian farming systems are limited. This chapter begins by outlining the 

methodological development of the adoption and diffusion of agricultural innovations 

literature. It then summarises the results of a number of case studies that use some of the 

reviewed methods according to their findings in relation to human, physical and economic 

factors and their influence on the likelihood of growers adopting particular soil 

conservation practices.  

 

1.1 Adoption and diffusion of agricultural innovations 

Mechanised production, chemical fertilisers, pesticides, herbicides and high 

yielding varieties were launched into agricultural market-places across the world during a 

period of great technological progress that followed World War II. That period from the 

mid-1940’s through to the early 1980’s is now commonly referred to as the ‘Green 

Revolution’ of agriculture. However, the rates at which these new innovations were 

adopted differed between countries and between regions within countries, leading to 

investigations into the factors influencing these differing rates of adoption.  

 

Griliches’ (1957) study into the adoption of hybrid corn in the United States is a seminal 

work in the area of adoption and diffusion of agricultural innovations. This work modelled 
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planting data using logistic growth functions in order to identify factors explaining 

differing rates and ceiling levels of adoption and diffusion across different corn-producing 

states. The models were specified using a measure of innovation profitability, which was 

defined as a function of market size, marketing costs and the cost of developing the 

innovation itself. This work was to set the scene for agricultural adoption studies 

throughout the Green Revolution. 

 

In a review of the theoretical and empirical literature on the adoption of agricultural 

innovations, Feder and Umali (1993) point to a change from early works which focus on 

the initial diffusion of Green Revolution technologies (reviewed in Feder et al., 1985), to 

more recent studies that attempt to refine the understanding of agricultural technology 

adoption by taking into account the completed cycle of diffusion. The following sections 

provide an overview of the methodological progress over this time. 

 

1.2 Conceptual and methodological issues  

 

1.2.1 Concepts of the adoption process 

This section provides a brief overview of two different conceptual approaches that 

try to explain the process of adoption. Bayesian theory provides a useful background to the 

field of decision analysis in which adoption studies are based. Bayes’ theorem accounts for 

the dynamics of learning and the effects of observed consequences on changing risk 

perceptions. Another more recent approach, the Theory of Reasoned Action, is briefly 

touched upon. 
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Bayes’ theorem 

Bayesian theory is fundamental to the understanding of decision analysis and the 

effects of revised probabilities. The theory could be broadly summed up by the phrase 

coined by Arrow, ‘learning by doing’ (Arrow, 1962). While Bayes’ theorem dates to the 

18th Century, Arrow’s (1969) seminal work on the production and transmission of technical 

knowledge was amongst the first to highlight the importance of its effects in modern 

production economics. Many adoption theories are based on the dynamics of human 

learning and its effects on perceptions of risk regarding the success of a new technology 

(Abadi and Pannell, 1999). Bayes’ theorem, which provides a modelling framework based 

on agents refining their a priori knowledge using a posteriori observations, has been 

employed to describe such dynamics. 

 

Anderson et al. (1977) express the theorem in a discrete form using the prior probabilities 

of states (i.e the initial personal judgement that the ith state will occur, P(θi)) and the 

likelihood of prior probabilities (i.e. the probability of observing a prediction (zk) given that 

the ith state prevails, P(zk | θi)) to describe posterior probabilities, P(θi | zk). Using these 

terms, Bayes theorem may be expressed as 

 

P(θi | zk) = )(
),θ(

=
∑ )θ()θ(

)θ()θ(

) k

ki

i iki

iki

zP
zP

zPP

zPP
     (1.1) 

 

which states that the posterior probability of the ith state occurring, given the kth prediction, 

equals the product of the prior probability of the future state and the probability of the 

prediction given the current state, divided by all such products summed over all observed 

states. Given that learning is a dynamic process (and that the probabilities described are 
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actually probability densities), posterior probabilities are constantly being revised to 

become prior probabilities. 

 

In the simplest of terms, Bayes’ formula can be thought of as describing the observed 

(posterior) probability of an event occurring as proportional to the likelihood of the 

predicted (prior) probability of the event occurring. Being proportional, the revised 

probabilities over all states add up to 1. 

 

The posterior probability can be used to describe the probability of adopting an innovation 

given the revision of prior probabilities regarding the utility of adoption. So, in an 

economic sense, the decision maker revises their information (i.e. their posterior 

probabilities) regarding the utility of adoption (UA) relative to the utility of non-adoption 

(UN). This continues either to a point where UA>UN, at which adoption would occur, or in 

the status quo where UA<UN. 

 

O’Mara (1971) was one of the first to use Bayes’ theorem as a framework for a model 

describing the level of technological adoption over time based on learning through 

observed performance (Feder et al., 1985). Lindner et al. (1979) also used Bayesian theory 

to estimate the time to adoption using an expression describing the time-lag from when 

potential adopters initially became aware of an innovation to adoption. Lindner’s model 

was refined to account for differences among farmers and innovation performance, then 

extended to account for differences in the length of discovery time (i.e. from availability to 

awareness) and evaluation time (i.e. from awareness to use) (Feder et al., 1985). Adoption 

models based on Bayesian theory took further steps, taking into account the differences in 



 8 

risk between old and new technologies, and differences in the level of risk-aversion 

between smaller and larger farmers (Stoneman, 1981; Just and Zilberman, 1983). 

 

Even though the potential influences of imperfect understanding or incorrect information 

on risk perceptions are not fully accounted for in Bayesian theory, it provides a convenient 

framework for understanding the way in which the process of learning influences 

perceptions about the risks of adopting a new technology. 

 

Theory of Reasoned Action 

Flett et al. (2004), while acknowledging the importance of economic considerations 

in growers’ adoption decisions, criticise the inability of economic models to fully explain 

adoption decisions. One could argue that such decisions, being dependent on the implicit 

heterogeneity of human behaviour, would be impossible to predict with any model. 

Nonetheless, to try and account for the psychological aspect of technology adoption 

decisions, the Theory of Reasoned Action (TRA) was developed (reviewed in Azjen, 

1991), from which the Technology Acceptance Model (TAM) grew (Davis et al., 1989). 

This model is based on the concepts of Perceived Usefulness (PU) and the Perceived Ease 

of Use (PEOU) of new technology, which in an economic sense are subsumed in the 

concept of utility. In using the TAM technique to study technology acceptance amongst 

New Zealand’s dairy farmers, Flett et al. (2004) admitted that one problem is the 

technique’s heavy reliance on cross-sectional data pertaining to potentially unreliable self-

reported measures. This theory was not considered to be of significant value in revealing 

the importance of time-dependent factors on adoption decisions, and therefore will not be 

covered in any further detail.  
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1.2.2 Statistical methodology 

Statistical methods used to explain the factors influencing adoption of agricultural 

innovations include: 

 

• principle components factor analysis 

• ordinary least squares (OLS) regression 

• logit, probit and tobit regression, and  

• duration analysis. 

 

Adoption studies that use OLS regression and principal components factor analysis (which 

includes cluster and discriminant analysis) are more commonly found in the geography and 

psychology/sociology literature. Dichotomous decision models based on statistical methods 

such as logit, probit, tobit and duration regression are more commonly used in the field of 

agricultural economics.  

 

Factor analysis 

Non-linear multivariate techniques such as cluster and discriminant analysis use 

principle components factor analysis to try to uncover underlying structural relationships 

between variables thought to influence adoption. It does so by classifying variables into 

factors, thereby reducing the number of variables. A useful introduction to the technique 

can be found in Kim and Mueller (1978). Factor analysis can be useful for the development 

of scaled variables within a broader modelling framework; however a fuller description of 

this technique, not used as a part of the present study, is beyond the scope of this thesis. 
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OLS regression 

OLS regression is a form of statistical analysis where two or more explanatory 

variables are used to describe the behaviour of a dependent variable. It has been used 

extensively by economists for a range of problems, such as estimating the influence of 

multiple inputs (such as capital and labour) on the output of firms.  

 

OLS regression models are usually specified as such: 

 

Y = b0 + b1X1 + b2X2 + … + bnXn     (1.2) 

 

where Y is the dependent (e.g. adoption) variable, b0 is the intercept and b1, b2,. . ., bn are 

the coefficients of explanatory variables X1, X2,..., Xn. This method is only relevant where 

the dependent variable is continuous. The use of OLS regression to provide empirical 

estimation of the effects of various explanatory variables on the adoption decision has been 

criticised for violating the technique’s assumption of normally distributed error terms. In 

addition to this, OLS regressions can produce predicted effects of less than zero and greater 

than one that, when interpreted as adoption probabilities, are nonsensical (Feder et al., 

1985). Nonetheless, the method is still used to investigate the effects of variables on the 

level of adoption of a particular practice, or the adoption of a number of potential practices 

(for a recent example see Paudel and Thampa, 2003). 

 

Logit, probit and tobit models 

Logit or probit models can be used to estimate the relative effects of independent 

variables on the probability of adopting if the adoption decision is expressed as a binary 

dependent variable. Logit models assume a logistic distribution of error terms, while the 
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probit estimation assumes that error terms are normally distributed. An example of logit 

regression being applied to investigate conservation tillage adoption is a study by Rahm 

and Huffman (1984). An application of the logit model for the purpose of this study is 

described in Chapter 3. 

 

However, a disadvantage of these models is that they cannot account for intensity of 

adoption, only the basic adoption/non-adoption decision. Censored normal regression or 

tobit models have been used to account for the intensity of adoption, and assume that 

variables have upper (lower) limits, and error terms that follow a truncated normal 

distribution (Greene, 1990). Norris and Batie (1987) used this method to model the 

intensity to which soil conservation measures were adopted by farmers in Virginia.   

 

Duration models 

Neither of the aforementioned techniques account for the influences of time-

dependent factors on the likelihood of adoption. Duration Analysis (DA), a method more 

recently used in the adoption literature, represents a major advance in the ability to model 

adoption over time. Historical applications of DA occur in a number of fields including 

biostatistics and engineering, while Lancaster’s investigation into the factors influencing 

unemployment spells appears to be the first use of the technique in the social sciences 

literature (Lancaster, 1978; Kiefer, 1988). DA has more recently been applied in the 

adoption and diffusion of innovations literature, particularly in the agricultural sector (De 

Souza Filho et al., 1999; Burton et al, 2003). However, the availability of quality 

microeconomic time-series data is a major impediment to its broader application. A fuller 

account of the DA method is given in Chapter 4, which provides a practical application of 

this method.  
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1.3 A review of studies into the adoption of soil conservation practices 

 

1.3.1 Background 

The Dust Bowl era of the 1930s in the United States led to the inception of federal 

soil conservation programs which, despite investment of over $20 billion, were criticised by 

the U.S. General Accounting Office for not having fully achieved their objective of 

cropland soil protection. This led to a change in policy from voluntary assistance for 

farmers requesting help, to more proactive demonstration projects and cost-sharing 

programs with States. However, the programs remained voluntary and lacked insights into 

how these ‘passive’ schemes could be implemented more effectively (Ervin and Ervin, 

1982). 

 

Attempts to understand factors affecting the adoption of soil conservation practices had 

suffered from an apparent ad hoc selection of explanatory variables, a lack of theoretical 

underpinning and a tendency to focus on localised cases at a particular point in time. Ervin 

and Ervin developed a three-stage logit model in which explanatory variables influenced 

growers’ perceptions of erosion problems, which in turn influenced the basic decision to 

use soil conservation practices, consequently described as a particular level of soil 

conservation effort. This effort was defined as the use of a number of pre-defined soil 

conservation practices, which included minimum and zero tillage, conservation tillage 

techniques that had been progressively developed over the previous two decades. 

 

The development of conservation tillage technology in industrialised agricultural systems 

was accelerated by the recognition of the bipyridil compounds paraquat and diquat as 

herbicides in 1954, and the consequent ‘direct-drill’ pasture renovation trials in the United 
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Kingdom in 1961 (Pratley and Rowell, 1987; Baker et al., 1996; Bromilow, 2003). The 

commercialisation of these herbicides enabled growers to sow crops with little or no 

reliance on tillage for weed control. The developer of these herbicides, Imperial Chemical 

Industries (ICI) initiated a research program covering cropping regions in Western 

Australia, South Australia, Victoria and New South Wales that ran from 1966 to 1970 with 

more than 30 trials in each state (Pratley and Rowell, 1987). The success of these trials led 

to large increases in adoption and development of no-till technology throughout the 1980s 

and 1990s. 

 

The following sections review a number of studies that investigate factors influencing the 

adoption of soil conservation practices which have followed on from the work of Ervin and 

Ervin. In general, growers’ perceived profitability of the innovation or practice, farm size 

and income, farming practices and perception of land degradation problems are all 

variables that have been attributed to influencing the adoption of soil conservation 

measures.  

 

1.3.2 Human factors influencing adoption 

 

Perceptions of profitability and conservation needs 

Following on from the work of Griliches (1957), researchers began to investigate 

the effects of innovation profitability on adoption. In one of the earlier conservation tillage 

adoption studies, Ervin and Ervin (1982) observed that growers with more erosion prone 

land were significantly less likely to have adopted minimum tillage, even though growers 

who were more perceptive to soil erosion as a problem were more likely to be adopters. 

This could be because those growers who did not perceive erosion to be a problem had 
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adopted minimum tillage for other reasons (e.g. to reduce production expenses), or that 

simply recognition of soil erosion as a problem was the sufficient condition for adoption of 

minimum tillage (Ervin and Ervin, 1982).  

 

Sinden and King (1990) used a logit model based on that of Ervin and Ervin which 

incorporated land stewardship motivations and other personal factors, along with economic 

factors, to investigate the adoption of soil conservation measures. Their work also 

considered the importance of perception and recognition of land degradation processes in 

the adoption decision. While stewardship motivation and other personal factors were found 

to encourage perception and recognition of land degradation problems, economic factors, in 

particular the farmer’s investment rating, were the most significant in promoting actual 

adoption. Growers with a greater ability to invest capital to obtain high yet safe returns 

were more likely to implement conservation works, which ties in with other factors such as 

farm size which will be discussed in one of the following sections.  

 

Cary and Wilkinson (1997) built on the work of Sinden and King (1990) by developing a 

logit model of perceived profitability and conservation behaviour. Their findings suggested 

that perceived profitability, technical feasibility and personal environmental concern are 

influential factors in the decision to adopt soil conservation practices. Of these factors, 

perceived profitability was found to be the most important in predicting conservation 

behaviour. Anim’s (1999) study of soil conservation measures used a logit model based on 

that of Cary and Wilkinson and came to similar conclusions in that awareness of soil 

erosion problems and perceived increases in long-term profit were significant indicators of 

the probability of adopting soil conservation measures.  
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While these studies are helpful in narrowing down the factors that should be considered in 

developing a model of no-till adoption, none of them include no-till cropping per se as a 

soil conservation measure. Nonetheless, a number of studies that have included 

conservation tillage in general as a soil conservation practice do show that growers’ 

perceptions of soil conservation and the profitability of conservation tillage are important 

factors in their adoption decision (Ervin and Ervin, 1982; Gould et al., 1989; Westra and 

Olson, 1997; Wang et al., 2000).  

 

Perceptions of profitability will be influenced by input prices relevant to the innovation in 

question. One such input relevant to no-till systems is the herbicide glyphosate, due to its 

substitutability for weed control in the place of tillage. Gray et al. (1996) found that falling 

glyphosate prices had led to an increase in the profitability of no-till cropping, and had 

consequently led to an increase in adoption of no-till practices. Other factors, including 

comparative yields, machinery expenditure and higher fuel prices were also found to 

increase the profitability of no-till cropping. 

 

Changing perceptions are important in the adoption of new technologies. However, grower 

education and the availability of information fundamentally influence the way perceptions 

change. These are discussed in the following section. 

 

Education and information 

Education has been observed to be an influential factor in the adoption of 

conservation tillage practices (Rahm & Huffman, 1984; Wang et al. 2000; Caswell et al., 

2001; Cary et al., 2001). Farmers with a college education or an education level beyond the 

equivalent of Australia’s secondary school system have been found to be more likely to 



 16 

adopt conservation tillage in the United States (Rahm and Huffman, 1984). Caswell et al. 

(2001) made similar findings, but only observed significant correlations in particular 

regions. In terms of adult education, Cary et al. (2001) found that the number of courses or 

training activities undertaken in the previous three years was positively associated with the 

adoption of conservation tillage practices in Australia.  

 

These types of adult education are reliant upon individual motivation. However, public 

education has also been observed to have an effect on changing farmers’ tillage practices. 

Wang et al. (2000) observed that a public education campaign into the negative health 

consequences of soil erosion and the profitability of treatment options such as no or 

minimum tillage was positively linked to the adoption of conservation tillage.  

 

Information specific to farmers’ particular geographic situation appears to be important in 

their adoption decisions. Westra and Olson (1997) found that those farmers whose primary 

sources of conservation tillage information were other farmers were more likely to be 

adopters of conservation tillage practices. Adopters were also more likely to view 

conservation tillage information as more reliable, consistent and relevant to their farming 

situation than those who hadn’t adopted conservation tillage. Sinden and King (1990) also 

observed that, while general information on the problems of soil erosion had little impact 

on perception or recognition of problems, farm specific information on the cost of treatment 

was significant in determining the adoption of soil conservation practices.  

 

Other personal factors 

Westra and Olson (1997) observed the following characteristics to be more common in 

farmers who had adopted conservation tillage than those who hadn’t: 
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• Have a family member willing to continue running the farm 

• Perceive conservation tillage systems and practices as being less complex than non-

users 

• Have longer planning horizons and are more likely to use budgets for the following 

year, and 

• Perceive themselves as having more adequate conservation tillage management skills 

 

Operational intensity and the perceived availability of technical resources have also proven 

to be influential in growers’ conservation tillage adoption decisions. Cary et al. (2001) 

found that farmers who operated their properties at more intensive levels (in terms of sheep 

equivalent per hectare), and those who felt they did not have the technical resources to 

address land and water degradation were less likely to adopt conservation tillage practices. 

Age has been shown to be an influential factor in the adoption of conservation tillage, with 

older farmers observed to be more aware of erosion problems than younger farmers, but 

with younger farmers being more likely to adopt conservation tillage practices (Gould et 

al., 1989; Cary et al., 2001). Featherstone and Goodwin, (1993) also found that older 

farmers had lower levels of investment in conservation technologies; however Caswell et 

al. (2001) found that farmers with many years of experience were more likely to use 

particular conservation tillage methods, namely ridge-till (raised bed) and mulch till 

systems.  

 

1.3.3 Economic factors influencing adoption 

 
Various studies have found farm size, the size and security of farm income and the 

presence of and participation in government programs to be significant factors in the 
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encouragement of adopting conservation investment decisions (Lee and Stewart, 1983; 

Rahm and Huffman, 1984; Gould et al., 1989; Sinden and King, 1990; Featherstone and 

Goodwin, 1993; De Souza Filho et al., 1999; Caswell et al., 2001; Wang et al. 2000; 

Westra and Olson, 1997).  

 

Farm size and enterprises 

In a study of the way land ownership influenced the adoption of minimum tillage, 

Lee and Stewart (1983) observed that full-owners tended to operate fewer acres than part-

owners or tenants. They concluded that the potential negative influence of small farm size 

on adoption and the interaction of farm size, operator age and minimum tillage adoption 

required further investigation.  

 

Consequent studies lent support to these early observations, with a number finding that 

larger sized farms and those with larger cropping acreages were found to invest more in 

conservation cropping techniques (Rahm and Huffman, 1984; Norris and Batie, 1987; 

Gould et al., 1989; Featherstone and Goodwin, 1993; Westra and Olson, 1997; Wang et al. 

2000; Caswell et al., 2001). Caswell et al. (2001) found a positive correlation between farm 

size and adoption of no-till. However, those regions with enough no-till observations for 

modelling the adoption decision had a comparatively low average farm, while the 

difference was insignificant in regions with generally larger farms, size.  

 

Sinden and King (1990) observed that the cost of implementing conservation plans was the 

most significant determinant in the final decision to adopt such plans. Other significant 

factors in this decision were wheat yields and stock carrying capacity, which suggest that 

not only the size, but security and diversity of income are significant factors.  
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Cropping practices have also been shown to have a significant influence on conservation 

tillage adoption decisions. Rahm and Huffman (1984) found that the probability of 

adopting conservation tillage was positively correlated to the farm’s corn acreage and the 

soybean-acreage to corn-acreage ratio, with these effects diminishing as the size and ratio 

increased. Diversity of crop management also appears to be related to no-till adoption, with 

Caswell et al. (2001) noting that farmers using crop rotations for pest and/or nutrient 

management, and those double-cropping, were more likely to have adopted no-till.  

 

Institutional programs and farm ownership 

Sinden and King (1990) found that the presence of an institutional program aimed at 

reducing soil erosion significantly encouraged the adoption of soil conservation practices in 

NSW. In the United States, conservation compliance and technical assistance in the 

development of a conservation plan were of particular importance in encouraging the use of 

no-till in selected cropping regions (Caswell et al., 2001). Featherstone and Goodwin 

(1993) found that US farmers receiving direct government program payments were more 

likely to invest in conservation than those not in the programs; however such subsidy-

driven programs do not exist in Australian agriculture.  

 

In terms of farm ownership, Caswell et al. (2001) found that farmers who owned their land 

were more likely to use conventional tillage and less likely to use conservation tillage. 

However, this finding was specific to certain regions of the US and insignificant in a 

combined analysis of all the areas studied. Nonetheless, other studies have observed that 

farmers involved in corporate structures tend to make larger conservation investments 

(Featherstone and Goodwin, 1993).  



 20 

1.4 Conclusions 

From this review it is evident that a number of human and economic factors are 

commonly found to significantly influence growers’ decisions to adopt conservation tillage 

systems and other soil conservation measures. More specifically, one could conclude that 

personal factors are most likely to be of fundamental importance in growers’ recognition of 

the need to adopt conservation tillage. These personal factors are both influenced by and 

influence technology-specific perceptions through the process described by Bayes’ theorem 

in which potential adopters revise their perceptions and knowledge with reference to past 

observations. Economic factors are an important contributor to the perceptions of 

profitability, which, as it has been shown here, play a crucial role when it comes to making 

the decision to adopt a new technology.  

 

Farm size and cropping area, perception of erosion as a problem and the perception of 

conservation tillage profitability were found to be common significant influences on 

farmers’ adoption decisions in the studies reviewed. Another important personal factor 

found to be significant was education. Therefore, one could conclude from this review that, 

when faced with the decision to adopt a new innovation, growers are likely to seek answers 

to the following three key questions: 

1) Is this innovation suited to my business? 

2) Am I capable of altering my operations to accommodate the implementation of 

this innovation? 

3) Will this innovation make a positive contribution to the profitability and 

sustainability of my operation? 
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Adoption models that account for these considerations are presented in Chapters 3 and 4.  

The following chapter consists of a paper in which the results from a survey of farmers in 

and grain growing regions of Western Australia and South Australia are summarised, 

revealing the importance of sustainable weed management in growers’ choice of tillage 

method.  
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CHAPTER 2 

 

No-till adoption decisions in southern Australian cropping and the role of weed 

management  

 

2.1 Abstract  

Adoption of no-till sowing systems has increased rapidly in many Australian grain 

growing regions over the past decade. The extent of herbicide resistant weed populations in 

these regions has also increased over the same period. A survey of growers in the South and 

Western Australian cropping regions was conducted to identify opportunities for more 

effective tillage and weed-related extension. Trends in sowing system use are determined, 

as are growers’ perceptions of the long term effects of no-till on herbicide costs, herbicide 

resistance, and soil erosion. The results suggest a major expansion in the adoption of no-till 

sowing in most South Australian cropping regions over the next five years, although 

growers expect increased herbicide costs in no-till systems and an increased risk of 

herbicide resistance.  

 

Herbicide resistance and/or weed control issues are the main reasons given for reducing no-

till use. A key research and extension challenge is to develop and implement weed 

management strategies that are able to sustain long-term no-till use in a cropping 

environment where growers place a high value on the soil and production benefits of no-

till, but over-reliance on herbicides can rapidly lead to resistance in major crop weeds.  
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2.2 Introduction 

Soil structural decline is a serious form of land degradation in Australian 

agriculture, frequently leading to soil erosion. Exposing the soil surface through traditional 

cultivation (tillage) is considered to be a major cause of this decline (Chan and Pratley, 

1998). The adoption of conservation tillage (minimum tillage, stubble retention, direct drill1 

and no-till2 sowing systems) has allowed greater cropping intensity and been associated 

with reduced risk of soil degradation (see McTainsh et al., 2001 and Chan and Pratley, 

1998).  Australian grain growers have been reducing their use of cultivation since the 1970s 

(Pratley and Rowell, 1987), with an estimated 44% of the nation’s crop area sown with no 

prior soil disturbance (i.e. direct drilled) in 2001 (ABARE, 2003).  However, there are still 

large areas of farm land under full cultivation.  

 

Where expenditure on cultivation has fallen per unit area, expenditure on herbicides has 

increased (Radcliffe, 2002; Hooper et al., 2003).  The sustainability of current herbicide-

reliant cropping systems is now threatened by herbicide resistant weed populations. The 

majority of paddocks in many major cropping areas now contain a herbicide resistant weed 

population (e.g. Llewellyn and Powles, 2001), with costlier forms of multiple resistance 

and glyphosate resistance becoming more common (Powles et al., 1998; Walsh et al., 2004; 

Preston, 2004).  Due to its cost-effectiveness and broad weed control spectrum that allows 

it to substitute for tillage, glyphosate is recognised as one of the most valuable herbicides in 

modern farming systems (Baylis, 2000; Llewellyn et al., 2002) and has been shown to be a 

determinant in the profitability of no-till (Gray et al., 1996).  However, modelling of 

glyphosate resistance risks in southern Australian broadacre cropping by Neve et al. (2003) 
                                                 
1 Direct drill is defined here as where crops are sown in one pass with no prior soil disturbance.   
2 No-till is defined here as where crops are sown in one pass with narrow ‘knifepoints’ or disc openers with 
no prior soil disturbance. 
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has shown that the likelihood of glyphosate resistance in annual ryegrass (Lolium rigidum) 

increases substantially if tillage in the seeding pass is removed.  This is supported by field 

experience (Preston, 2004). 

 

The adoption of no-till practices has occurred at a faster rate in Western Australia compared 

to other states (ABARE, 2003; Jones et al., 2000).  Major extension efforts are currently 

underway to encourage adoption through the activities of state based organisations such as 

the Western Australian, South Australian and Victorian No-till Farmers Associations.  

Concurrently, there are major extension efforts aimed at promoting weed management 

strategies and practices that reduce the risk of herbicide resistance (e.g. see Cooperative 

Research Centre for Australian Weed Management, 2004 p. 21 and WAHRI, 2004).   

 

This paper examines the role of weed management issues in no-till adoption decisions and 

the possible conflicts between adoption of a soil conserving practice and sustainable weed 

management.  The objective is to identify opportunities for more effective research and 

extension through greater understanding of no-till adoption and related grain grower 

perceptions.  Sowing system adoption was characterised for growers from regions within 

two states: Western Australia (WA), where the level of no-till adoption is high, and South 

Australia (SA) where the current level of adoption is lower. Levels of past, current and 

intended no-till use were determined, followed by growers’ reasons for their no-till 

adoption decisions. The perceived effects of seeding machinery characteristics on soil and 

weed management, along with growers’ perceptions of the time until glyphosate resistance 

development and the release of a new Mode of Action (MOA) herbicide, were also 

examined.  
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2.3 Methods 

A phone survey was conducted to elicit data on tillage practice use and perception 

data from growers within selected major grain growing regions in SA and WA between 

March and October 2003. Interviews were conducted by the author, students and staff from 

the University of Western Australia. Grain growers within each region were randomly 

selected from a publicly available directory of all farmers. The 303 respondents comprised 

81 growers from the WA Shires of Mingenew, Morawa, Mullewa and Chapman Valley 

(Northern Wheatbelt); Quairading, Kellerberrin, Merredin and Bruce Rock (Central/Eastern 

Wheatbelt); and 222 growers from the SA District Councils of Lower Eyre Peninsula, 

Kimba and Cleve (Lower/Eastern Eyre); Streaky Bay and Le Hunte (Northwest Eyre); Port 

Pirie and Barunga West (Upper North), Yorke Peninsula and Clare-Gilbert Valley (Yorke-

Wakefield/Mid-North); Karoonda-East Murray and Southern Mallee 

(Murraylands/Southern Mallee); and Loxton-Waikerie (Northwest Mallee) (Fig. 2.1). In 

this paper the results are presented as state aggregates, i.e. the average of all regions 

sampled in the state.  

 

Question formats 

Respondents were asked questions regarding their farm and personal characteristics. 

Arable area, cropping intensity, herbicide resistance status and no-till association 

membership were determined. Growers were also asked open ended questions regarding 

why they had adopted or not adopted no-till. If no-till had been adopted, respondents were 

asked if they had ever reduced their use of no-till for reasons other than seasonal 

conditions. They were also asked to state, given their past practices and future plans, the 

number of years they expected it would take for a glyphosate resistant weed population to 

develop on their farm; and how many years they thought it would be until the release of a 
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new herbicide able to control annual ryegrass that is resistant to any present herbicide (i.e. 

the release of a herbicide with a novel MOA).   

 

 

Figure 2.1 Locations of sample areas in Western Australia and South Australia. 

 

To measure perceptions relating to the effects of no-till, respondents were asked if they 

thought long-term use of no-till with stubble retention (NTSR) would lead to much lower, 

lower, the same, higher or much higher herbicide costs, herbicide resistance risks, 

glyphosate resistance risks and soil erosion when compared to the long-term use of full-cut 

sowing and stubble removal (FCSR).  They were also asked if they thought narrow row 

spacings (18 cm vs. 30 cm) and deep-banded fertiliser (vs. spread fertiliser) would lead to a 

lot less, bit less, same, bit more or lot more weed growth. Growers were then asked to rate 

the importance of narrow row spacings (i.e. < 25cm) and weed kill in the seeding pass (i.e. 

weed kill through tillage) as ‘not important, of some importance, or very important’ as 
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seeding machinery characteristics. The results of chi-squared and t-tests are reported for 

significant differences between WA and SA regions and current and future no-till adopters 

and non-adopters.  

  

2.4 Results 

Of the 497 growers contacted, 303 responded, giving a response rate of 61%. 

Characteristics of the average farm sampled in Western Australia and South Australia are 

shown in Table 2.1.  While the average cropping intensity was similar in SA and WA 

regions, the average arable area per farm was lower in SA.  The proportion of growers who 

were members of a no-till farmers association in the WA regions was more than double that 

in the SA regions, while herbicide resistance more common in the WA regions (Table 2.1). 

 

Table 2.1 Average characteristic of farms and growers in SA and WA sampled regions  

 
Arable area 

(ha/farm) 

No-till assoc. 

membership 

(% of growers) 

Cropping intensity 

(% of arable land) 

Herbicide resistance 

on farmA 

(% of growers) 

SA regions 

(n = 222) 
2003 18 66 35 

WA regions 

(n = 81) 
3887 46 67 63 

A as stated by growers 

 

2.4.1 No-till adoption 

No-till was reported as being used for a proportion of cropping by 86% and 42% of 

respondents in the WA and SA regions respectively (Table 2.2).  On average, WA no-till 

adopters used no-till on 79% of their cropping land and SA adopters used no-till on 70% of 
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their cropped land in 2003. Only 39% of WA no-till adopters and 24% of SA no-till 

adopters used no-till on all of their cropping land in 2003. Around twice as many growers 

in SA were using some direct drill (i.e. single pass sowing) with a simultaneous full cut 

(cultivation) compared to the WA regions. Approximately one third of respondents in both 

states used some pre-seeding cultivation (which includes harrows or shallow cultivation 

with narrow points) on some area of cropping land prior to low disturbance seeding with 

discs or knifepoints. Most growers used more than one type of cultivation method. 

 

Table 2.2 Percentage of respondents using various sowing methods in 2003, and planning to use no-till by 

2008.  

Numbers add to over 100% due to the use of more than one sowing method per respondent. 

A No-till is defined here as where crops are sown in one pass with narrow ‘knifepoints’ or disc openers with 

no prior soil disturbance. 

B Direct drill is defined here as where crops are sown in one pass with no prior soil disturbance.   

 

Widespread adoption has occurred earlier in the WA regions than in SA (Fig. 2.2), 

however, no-till use is expected to become common in both states, with 70% and 88% of 

SA and WA respondents respectively planning to use no-till for a proportion of their 

cropping by 2008 (Table 2.2). Nonetheless, no-till adoption is still a fairly recent 

 
No-till in 

2003A 

Direct drill with 

full cultivationB  

Low disturbance sowing 

with prior cultivation 

Plan to use no-till 

by 2008 

SA regions 

(n = 222) 
42 61 30 70 

WA regions 

(n = 81) 
86 28 35 88 
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phenomenon in both states, with only 15% of WA adopters and 23% of SA adopters 

reporting no-till use prior to 1994.  
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Figure 2.2 Cumulative stated time of first adoption of no-till by respondents in South Australia (SA) and 

Western Australia (WA). 

 

2.4.2 Reasons for adoption, non-adoption and reduced use of no-till 

The predominant reason given by growers for adopting no-till was soil 

conservation. Other common reasons were improved sowing timeliness and enhanced soil 

structure and moisture conservation (Table 2.3).  

 

Machinery cost was the main reason given by non-adopters for not adopting no-till.  Other 

common reasons were a perceived lack of convincing results and herbicide resistance 

and/or weed control concerns (Table 2.4).   
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Table 2.3. Reasons for adopting no-till (% of adopters citing reason).  

Numbers add to over 100 % due to acceptance of more than one reason. 

 

Soil 

conservation 

Sowing 

timeliness 

and better 

yieldsA 

Soil structure, 

organic matter 

and moisture 

conservationB 

Weed 

control 

Input 

cost 

savings 

Seed placement 

and seedbed 

preparation 

SA regions 

(n = 93) 
73 48 37 19 12 9 

WA regions 

(n = 69) 
48 20 27 11 15 10 

A includes ‘reduced sowing time’ 

B includes ‘stubble retention’ 

 

Some adopters had either reduced or were planning to reduce their no-till cropping area for 

reasons other than seasonal conditions, more so in WA (45% of adopters) than SA (28% of 

adopters). The main reasons for reducing no-till use were herbicide resistance and/or weed 

control issues.  Other reasons included physical soil constraints and pests (particularly 

snails) and soil disease (Table 2.4).  

 

2.4.3 Perceived effects of no-till  

Most growers in SA and WA believed that herbicide costs, herbicide resistance and 

glyphosate resistance in particular, would be higher under long-term use of no-till with 

stubble retention (NTSR) relative to sowing with a full cut cultivation and stubble removal 

(FCSR), and that soil erosion would be lower under long-term NTSR (Fig. 2.3). 
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Table 2.4 Reasons for not-adopting no-till and reducing or planning to reduce use of no-till (% of non-

adopters citing reason).   

Numbers add to over 100% due to acceptance of more than one reason. 

 Reasons for not adopting no-till 

 

Machinery 

costs 

Not seen 

convincing  

results 

Herbicide 

resistance 

and weed 

control 

Soil 

constraints 

Pasture 

rotations 

Pests 

and soil 

disease 

SA regions 

(n = 129) 
43 27 26 19 11 13 

WA regions 

(n = 12) 
50 50 25 0 0 17 

 Reasons for reducing or planning to reduce use of no-till 

SA regions 

(n = 129)  
- - 48 13 - 13 

WA regions 

(n = 12) 
- - 64 36 - - 

 

Sixty eight percent of the current non-adopters who were intending to adopt no-till 

in the next five years considered the risks of herbicide resistance to be higher under NTSR 

than in a FCSR system and 75% expected the risk of glyphosate resistance to be higher. 

There were no significant differences between future adopters and future non-adopters for 

the resistance or cost perceptions. 
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Figure 2.3 WA and SA growers’ perceptions of the long term effects of no-till with stubble retention relative 

to cultivation and full-cut sowing with stubble removal (n = 303) 

 

2.4.4 Perceptions of seeding machinery characteristics  

Narrow row spacings, banding of fertilizer and weed kill in the seeding pass were 

considered by at least a third of growers to be unimportant when considering seeding 

machinery (Fig. 2.4).  The perceived importance of narrow row spacings and banding of 

fertiliser did not differ significantly between states; however differences in the perceived 

importance of weed kill in the seeding pass were significant between states. Respondents 

from WA were more likely to state that weed kill in the seeding pass was ‘not important’, 

whilst SA respondents were more likely to state weed kill in the seeding pass was either of 

‘some importance’ or ‘very important’ 
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Figure 2.4 Perceptions of growers in SA and WA regions (% of growers) regarding the importance of narrow 

row spacing, deep banded fertiliser and weed kill in the seeding pass.  

** Significant difference between SA and WA for weed kill in seeding pass (P<0.01, Pearson chi2 test) 
 

2.4.5 Perceived effects of seeding systems factors 

Overall, 43% of growers believed that weed growth would be the same or higher 

under narrow (18 cm) row spacings compared to wide (30 cm) row spacings, however more 

(59%) believed that weed growth would be lower under narrow cf. wide row spacings in 

SA, while in the WA regions there was no difference. Respondents from WA were 

significantly more likely than those from SA to believe that deep banding of fertiliser 

would lead to lower weed growth (Fig. 2.5). Fifty six percent of WA respondents thought 

that deep banding would lead to lower weed growth compared to 32% of SA respondents. 

More than 50% of growers in regions from both states believed that no-till (as opposed to 

full-cut sowing) would lead to lower weed emergence (Fig. 2.5). 
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Figure 2.5 Perceptions of growers in SA and WA regions (% of growers) regarding differences in weed 

growth under narrow (18 cm) compared to wide (30 cm) row spacings, deep banded compared to broadcast 

fertiliser and weed emergence under no-till compared to full-cut cultivation.  

** Significant difference between SA and WA responses (P<0.01, Pearson chi2 test) 
 

2.4.6 Perceptions of herbicide resistance factors  

The overall average expected time for the development of glyphosate resistance was 

14 years.  Approximately 16% of respondents did not expect glyphosate resistance to ever 

develop on their property. Future no-till adopters thought that glyphosate resistance would 

take a significantly shorter time to develop than future non-adopters; with a significantly 

greater percentage of future non-adopters believing that glyphosate resistance would never 

develop on their property. The average number of years expected until the release of a 

new MOA herbicide was 8 years. Forty nine percent of growers expected the availability 

of such a herbicide able to control currently resistant annual ryegrass in five years or less. 

There were no significant differences between current no-till adopters and non-adopters, 

or between future no-till adopters and non-adopters (Table 2.5).  
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Table 2.5 Combined SA and WA respondents’ average expected time to glyphosate resistance development 

on farm, average expected time to release of new Mode of Action herbicide (MOA), and percentage of 

growers who never expect glyphosate resistance to develop on their farm.  

 Average expected 

time until glyphosate 

resistance (years)A 

Never expect 

glyphosate resistance to 

develop (% of growers) 

Average expected 

time until release of 

new MOA (years)B 

All respondents 14 16 8 

Future no-till adopters 11 8 7 

Future non-adopters 20* 24** 8 

*Significant difference between future no-till adopters and future non-adopters (P<0.05, t-test) 

**Significant difference between future no-till adopters and future non-adopters (P<0.01, t-test) 

A – 8% of future non-adopters and 29% of future adopters did not answer this question 

B – 13% of all respondents, 8% of future adopters and 18% of future no-adopters did not answer this question 

 

2.5 Discussion 

The large increases in the use of no-till that are expected in SA cropping regions 

over the next 5 years, and the continued high proportion of growers using no-till in the WA 

regions (Table 2.2), can be expected to present increased research and extension demands 

for both no-till and weed management sustainability. The increase in no-till adoption is 

evident when comparing the current (and future) no-till adoption recorded in this study with 

those recorded in past studies.  For example, Jones et al. (2000) recorded 28% of 

respondents using no-till in SA regions and 74% in similar WA regions in 1998.  It should 

be recognised that only a minority of no-till adopters use no-till across their whole cropping 

program, with cultivation still used to some extent by most growers.  Results from 

Llewellyn et al. (2004) suggest cultivation is often used with the intention of achieving 

some weed control. However, in regions where the proportion of growers adopting no-till is 

increasing, the use of cultivation for weed control will be in decline.  
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Soil conservation and seeding time benefits of no-till are widely recognised by growers and 

appear to be most salient in considering no-till adoption (Table 2.3). The cost of changing 

seeding machinery was the most common reason given for non-adoption of no-till (Table 

2.4). This result supports the use of no-till extension activities aimed at reducing the 

changeover costs (e.g. by demonstrating lower-cost machinery modification options).  

Uncertainty about the benefits of no-till at the local level was also commonly stated as a 

reason for non-adoption.  This also indicates some potential for extension to increase the 

rate of no-till adoption by facilitating the generation and dissemination of local no-till 

experiences, particularly in regions where only a small number of growers are currently 

successful in using no-till systems.   

 

For most growers it appears that the perceived benefits of conservation cropping systems 

outweigh the expected increase in herbicide costs and herbicide resistance risk. Most 

growers, including future adopters, recognise the benefits of cultivation for weed control 

and perceive an increased risk of herbicide resistance under no-till systems, including 

glyphosate resistance (Fig. 2.3).  However, the overall use of no-till is still expected to 

increase.  

 

The results suggest that extension focused on simply raising awareness of the herbicide 

resistance risks in no-till systems will not be highly effective as most growers currently 

have this awareness and are likely to continue to adopt no-till systems. This study 

demonstrates the need for developing and extending profitable weed management strategies 

for reducing the risk of resistance within no-till systems.  One possible example is the use 

of the double knockdown strategy, involving regular use of a paraquat application 

following the glyphosate application.  Modelling by Neve et al. (2003) shows that the risk 
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of glyphosate resistance in annual ryegrass can be maintained at negligible levels if this 

strategy is used in no-till systems.  Economic analysis of the strategy suggests it will be 

profitable for many growers currently facing higher risks of glyphosate resistance 

(Weersink et al., 2005).   

 

A key finding is that weed management issues are leading many growers to reduce their no-

till use. Herbicide resistance and weed control problems are clearly the main reasons given 

by adopters for past or intended reductions in no-till use (Table 2.4). This result further 

emphasises the need for development and extension aimed at developing sustainable weed 

management strategies for growers entering into no-till systems.  If both soil conservation 

and the sustainability of weed management are to be maximised, weed management 

strategies compatible with no-tillage systems are required.  This study suggests that a 

substantial proportion of growers will not be influenced by extension aimed at promoting 

tillage for weed control or simply raising awareness of the known herbicide resistance risks 

of no-till. 

 

Narrow row spacings (Mertens and Jansen, 2002) and deep banding of fertiliser (Ditomaso, 

1995), are practices that may have potential weed control benefits, but benefits are not 

always evident (e.g. Whish et al., 2002; Kirkland and Beckie, 1998). Many growers did not 

consider narrow row spacings, deep banding of fertiliser or weed kill in the seeding pass to 

be of importance when considering machinery (Fig. 2.4). It is possible that some growers’ 

responses incorporated the belief that narrow row spacings may also lead to greater weed 

seed germination through greater soil disturbance. The observation that growers in Western 

Australia were significantly more likely to perceive weed kill in the seeding pass as 
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unimportant is most likely a reflection of the larger proportion of growers using no-till in 

that state.  

 

In line with the variation in research findings, growers’ perceptions of the effects of narrow 

row spacing and banded fertiliser on weed growth were also inconsistent, showing that 

while a high proportion of growers do not believe that the practices will lead to reductions 

in weed growth, many hold the opposite belief (Fig. 2.4).  However, the variance in grower 

responses relating to these practices suggests that some specific opportunities may exist for 

extension to effectively target seeding machinery technology for improved weed control.  

 

The study suggests that while no-till adopters expect greater herbicide resistance under the 

system (Fig. 2.3), the perceived future cost of this resistance may be reduced by the 

common expectation that new herbicides with novel modes of action for ryegrass control 

will become available (Table 2.5).  The level of herbicide technological optimism does not 

appear to have declined from the level found in a study conducted in 2000 in Western 

Australia (Llewellyn et al., 2002).  While new herbicide options for controlling herbicide 

resistant ryegrass are likely be introduced in the future, many of the growers who have 

adopted no-till are likely to have held over-optimistic expectations about the availability of 

new herbicides to sustain their cropping system.  

 

2.6 Conclusion 

Large increases in the use of no-till cropping are expected in major Australian grain 

growing regions in the near future, with the soil and seeding time benefits of no-till being 

most salient in adoption considerations. While the results suggest that there are some 

further opportunities for extension to encourage more rapid growth of no-till adoption in 
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areas with currently low usage, rapid adoption alone will not be an optimal goal unless 

sustainable weed management strategies are implemented at the time of adoption.  

Herbicide resistance and weed control issues are the major reason why some no-till 

adopters are reducing their use of no-till.  Most growers are making the decision to adopt 

no-till with an awareness of the greater herbicide resistance risks under no-till compared to 

tillage-based systems.  Therefore, extension aimed at just raising basic awareness of the 

herbicide resistance risks in no-till systems or simply promoting tillage for weed control 

will have a limited impact.   The challenge to develop and extend sustainable weed 

management strategies that are compatible with no-till systems needs to be tackled if both 

soil conservation benefits and weed management sustainability are to be maximized.  
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CHAPTER 3 

 

Factors influencing adoption of conservation tillage in Australian cropping regions 

 

3.1 Abstract  

No-till sowing systems are already widely adopted by grain growers in many 

Australian cropping regions, resulting in more sustainable use of soil resources but often 

greater herbicide reliance. In other regions, tillage-based cropping systems remain common 

and major extension initiatives are aimed at increasing adoption of no-till systems.  This 

paper aims to improve understanding of no-till adoption decisions by using a dichotomous 

logit regression model to determine factors influencing no-till adoption by grain growers 

across four southern Australian cropping regions. A majority of growers expected that a no-

till system would lead to greater risks of herbicide resistance; however, this perception did 

not have a significant influence on the probability of adoption. Assessments of the soil 

erosion risk were also insignificant.  Perceptions associated with shorter-term crop 

production benefits under no-till, such as the effectiveness of pre-emergent herbicides and 

the ability to sow crops earlier were influential. Results demonstrate the information and 

learning-intensive nature of no-till cropping systems and opportunities for extension. 

 

3.2 Introduction 

Adoption of no-till sowing systems has allowed cropping rotations to intensify and 

been associated with the reduced risk of soil degradation, particularly in Western 

Australia’s northern agricultural region (see McTainsh et al., 2001; Chan and Pratley, 

1998).  In Australia, there are still large areas of farmland under regular cultivation where 
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greater adoption of the no-till cropping system is being promoted through high-profile 

farmer groups and extension programs.   

No-till, as it is practiced today, is highly reliant on herbicides for weed control. As tillage is 

reduced, the reliance on chemical weed control generally increases (Allmaras et al., 1998; 

Radcliffe 2002; Hooper et al., 2003). In Australia, farmers in many major grain growing 

regions are faced with an extensive herbicide resistant weed problem (e.g. Alemseged et 

al., 2001; Llewellyn and Powles, 2001), with costlier forms of multiple resistance (e.g. 

Walsh et al., 2004) and glyphosate resistance (Preston, 2005) becoming increasingly 

prevalent. Herbicide resistance and resulting weed management problems are potential 

threats to the sustainability of reduced tillage systems. 

 

Numerous adoption and economic-based studies have been conducted into the adoption of 

conservation tillage practices (e.g. Rahm and Huffman, 1984; Norris and Batie, 1987; 

Gould et al., 1989; Featherstone and Goodwin, 1993; Westra and Olson, 1997; Anim, 

1999; Wang et al., 2000; Cary et al., 2001; Caswell et al., 2001; Sheikh et al., 2003). 

However, very few of these studies have been conducted in Australia, where exceptionally 

high herbicide resistance risks and already extensive herbicide resistance creates a unique 

adoption environment for reduced tillage cropping systems.    

 

The aim of this paper is to determine key farm attributes and farmer characteristics 

influencing adoption of no-till by Australian grain growers, with particular attention given 

to weed management-related factors and perceptions. By identifying grower perceptions 

influential in the adoption decision, and possibly misperceptions, there is the potential to 

identify effective targets for research and extension (Llewellyn et al., 2005).   
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The following section describes the approach to considering adoption of no-till in a logit 

regression analysis framework.  This is followed by a description of the variables used to 

describe particular farm and farmer characteristics used in the logit regression. Following a 

brief outline of the data collection method and a summary of the results, opportunities for 

improving the effectiveness of research and extension to increase the adoption of both no-

till cropping systems and sustainable weed management are identified. 

 

3.3 Adoption of conservation tillage: conceptual framework 

Adoption of an innovation can be measured as extent of use, producing a continuous 

dependent variable, or simply use of the innovation, producing a dichotomous dependent 

variable. Here the initial adoption decision is used as the point of focus, as this is where 

extension efforts can be most influential. The dichotomous dependent variable approach is 

used, with no-till adoption defined as sowing (or planning to sow) any proportion of crop 

using no-till in the 2003 growing season. The Western Australian and Victorian No-till 

Farmers Associations define no-till as one pass seeding with narrow/knife points with less 

than full cut-out (less than 30% soil disturbance) and zero-till as one pass sowing system 

using discs for minimal soil disturbance (WANTFA, 2004; VNTFA, 2004). In this study, 

zero-till was assumed to be a subset of no-till, which for the purpose of this study, was 

defined as using seeding equipment on which only knifepoints or disc openers were used 

for soil opening, in one pass with no prior tillage. Non-adoption was defined as not 

intending to use no-till for any proportion of crop sowing in 2003.  

 

Adesina and Zinnah (1993) stress the importance of farmer perceptions of innovation 

specific characteristics in determining adoption.  This study is based on the adopter-

perception paradigm (see Wossink et al., 1997) where growers are assumed to hold 
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particular perceptions regarding the effects of an innovation, and that these subjective 

assessments can be important factors in their adoption decisions. 

In this study it is assumed that these perceptions, together with other farm and farmer 

characteristics, contribute to an individual grower’s subjective utility of no-till.  

Conceptually, adoption becomes more likely when the subjective utility of adoption (UNT) 

increases relative to conventional tillage (UCT), with adoption occurring when UNT>UCT.  

For an individual grower: 

 

 PNT = f(f,g,p)           (3.1) 

 

Where: 

PNT = the probability of no-till adoption 

f  =  a vector of variables describing the farm characteristics 

g  =  a vector of variables describing the grower’s personal characteristics 

p  =  a vector of variables describing the grower’s perceptions of the effects of no-till  

 

A dichotomous logit regression model using maximum-likelihood procedures was used to 

estimate the probability of no-till adoption. The Stata (version 8) statistical package was 

used (see StataCorp, 2003). Logit regression assumes a cumulative logistic probability 

function, so the model can be described as: 

),,(1
1

iii pgffNTi e
P −+

=         (3.2) 

 

The subjective utility of individual i is assumed to be influenced by personal characteristics. 

These characteristics include growers’ perceptions of the extent of erosion prone soils on 
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their property, and the specific attributes of no-till. The following section includes an 

outline of some of the predicted effects of these and other variables on growers’ decisions 

to adopt no-till. 

 

3.4 Methods 

 

3.4.1 Data collection 

A survey of 384 growers across various agro-ecological regions within the winter 

rainfall (400-500mm/yr) dominated wheatbelt regions of South Australia (SA), Western 

Australia (WA), Victoria (Vic) and southern New South Wales (NSW) was conducted 

between March and October 2003. Interviews were conducted by telephone, with 

respondents’ phone numbers randomly selected from publicly available farmer directories. 

The overall response rate was 51%.  Table 3.1 summarises the regional sample sizes and 

locations.  

 

3.4.2 Description of variables 

The units and definitions for each of the variables used in the model are outlined in 

Table 3.2 and described below. 

 

Personal characteristics  

These included the number of years respondents had been aware of another grower 

in their district using no-till; the presence or absence of a farm management decision maker 

with a tertiary education; the employment of a directly paid consultant or advisor and the 

average number of days per year spent attending cropping extension events such as field 

days, seminars or workshops.  
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Table 3.1 Number of responses, district councils and localities comprising survey sample regions 

 

 
 

As no-till adoption is hypothesised to be information-intensive, information and learning-

related variables including; the presence of a tertiary educated contributor to management 

decisions in the farming business and attendance of cropping extension events were 

predicted to have positive influences on the probability of no-till adoption (see Rahm and 

Huffman, 1984; Westra and Olson, 1997; Wang et al., 2000; Caswell et al., 2001; Cary et 

al., 2001). 

 

Adoption of conservation tillage equipment or renovating existing equipment to fit a no-till 

configuration is likely to incur high up-front costs.  If the benefits are mainly expected to be 

realised in the longer-term, those with stronger preferences for short-terms profits (i.e. a 

high discount rate) may be less likely to adopt the innovation. 

 
Sample Region 

Number of 

responses 

North West Eyre Peninsula  40 

Lower/Eastern Eyre Peninsula  40 

Upper North  20 

Yorke Peninsula/ Mid North  40 

Southern Mallee  41 

South Australia 

Northwest Mallee  41 

Northern Wheatbelt  41 
Western Australia 

Central/Eastern Wheatbelt 40 

Victoria Southern Wimmera  41 

New South Wales Upper Murrumbidgee  40 
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Table 3.2 Definitions of independent variables 

Farm size and location Definition 

Western Australia Central and Northern Wheatbelt regions 

Sthn Wimmera (Victoria)  Southern Wimmera region  

South Australia South Australia 

Upper Murrumbidgee (NSW) Upper Murrumbidgee region  

Rainfall Average annual rainfall (mm) 

Farm size Total arable area (ha) currently managed. Includes leasehold land. 

Cropping intensity Average proportion of arable land sown to crop over last 3 years 

Personal Characteristics 

Time of no-till awareness Number of years since respondent was first aware of no-till use in 

their district 

Education Active management decision maker with tertiary qualification  

Discount rate Discount rate (5 year time horizon) 

Soil erodibility Proportion of farm’s soil types perceived to be prone to erosion  

Directly paid consultant Respondent directly pays a consultant for advice regarding cropping 

Extension attendance Average days/year attending cropping extension events 

No-till perception variables 

No-till changeover cost 
Perceived cost of changing to no-till seeding 

equipment ($‘000/m bar width) 

Herbicide resistance risk 

Effectiveness of pre-emergent herbicides 

Amount of rain needed to allow reliable sowing 

Variables relating to perceptions of long-term 

influence of no-till with stubble retention (NTSR) 

as opposed to full-cut (i.e. 100% soil disturbance) 

sowing with stubble removal (FCSR). Responses 

scaled from 1 to 5: 1= much lower, 5 = much 

higher, 3 = the same level in a no-till system 

compared to a full-cut system. 
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Grower perceptions  

Growers’ perceptions of the effects of using a no-till system with stubble retention 

(NTSR) as compared to a ‘conventional’ system with full tillage and stubble removal 

(FCSR) were used as measures of perceived relative advantage and therefore expected to 

influence the decision to adopt no-till. A scale response question format was used to elicit 

perceptions of the long-term effects of a no-till system compared to one using full tillage. 

Respondents were given the aforementioned descriptions of the NTSR and FCSR systems, 

and then asked whether they thought long-term use of NTSR would lead to much lower, 

lower, the same, higher or much higher levels of 3 different variables (rainfall needed to 

allow reliable seeding, herbicide resistance risk and effectiveness of pre-emergent 

herbicides) in comparison to the FCSR system.  

 

It was expected that growers with perceptions more closely aligned with favourable NTSR 

effects (e.g. less rain needed to allow reliable seeding) would be more likely to have 

adopted no-till. Those who expect no-till to lead to higher weed control costs (e.g. herbicide 

resistance risks or reduced herbicide effectiveness) were expected to be less likely to adopt 

the innovation. 

 

The use of pre-emergent selective herbicides (e.g. trifluralin, a moderate resistance risk 

herbicide, (AVCARE, 2004)) are an important component of integrated weed management 

(IWM) in a no-till system where the seeding pass does not provide high levels of weed kill. 

It is estimated that the use of soil-applied pre-emergence herbicides in Australian winter 

broadacre crops has grown from less than 1 million ha in 1990 to about 6.9 million ha in 

2003 (O’Connell, 2004). It was expected that adopters would have a higher rating for the 

effectiveness of pre-emergent herbicides under NTSR than non-adopters.  
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Growers were also asked to state their perceived cost of changing to no-till seeding 

equipment (per unit width). It was expected that those growers who perceived changeover 

costs to be relatively lower would be more likely to have adopted the innovation. 

 

Awareness of the ‘problem’ has been hypothesised to be a leading factor in the adoption of 

conservation innovations (Sinden & King, 1990; Cary, 1997).  Respondents in this study 

were asked what proportion of their farm’s soils they perceived to be prone to erosion. 

Those who considered greater proportions of their land to be erosion prone were expected 

to be more likely to have adopted no-till.  

 

Farm characteristics  

These included variables describing location, average annual rainfall, arable area 

and cropping intensity. It was hypothesised that those with more intensive cropping 

programs are likely to have greater potential to benefit from the no-till cropping 

technology. It is also expected that those with larger farm businesses (measured using 

arable farm area as a proxy) in general would tend to invest more in conservation cropping 

techniques involving expensive up-front machinery investments (see Rahm and Huffman, 

1984; Norris and Batie, 1987; Gould et al., 1989; Featherstone and Goodwin, 1993; Westra 

and Olson, 1997; Wang et al., 2000; Caswell et al., 2001).   

 

3.5 Results 

3.5.1 Descriptive statistics 

Table 3.3 shows the descriptive statistics for adopters and non-adopters.  
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Table 3.3 Descriptive statistics of variables by adopter (n = 218) and non-adopter (n = 166) groups (asterisks 

indicate significant differences between means of adopter and non-adopters groups). 

*P < 0.05; **P < 0.01 

A - 1= much lower; 2= lower; 3= same; 4= higher; 5= much higher 

Mean 

Variables and units 
All Adopter Non-adopter 

Standard 

deviation 

(All) 

Western Australia (0/1) 0.21 0.85 0.15 0.41 

South Australia (0/1) 0.58 0.42 0.58 0.50 

Southern Wimmera (Vic) (0/1) 0.11 0.73 0.27 0.31 

Upper Murrumbidgee (NSW) (0/1) 0.11 0.68 0.32 0.31 

Rainfall (mm/yr) 374 388** 356 78 

Farm size (‘000 ha) 2.27 2.45* 2.04 2.02 

Cropping intensity (proportion of arable area) 0.66 0.71** 0.59 0.22 

Time of no-till awareness (years) 16 17** 14 6 

Education (0/1) 0.23 0.29** 0.15 0.42 

Discount rate (%) 19 21 17 25 

Soil erodibility (proportion of soil types) 0.45 0.47 0.43 0.36 

Use of directly paid consultant (0/1) 0.33 0.46** 0.17 0.47 

Extension attendance (days/yr)  6.0  7.1** 4.6 4.5 

No-till changeover cost ($’000/m bar width) 7.6 7.1 8.3 7.4 

Herbicide resistance riskA 3.9 3.8 4.0 1.0 

Pre-emergent effectivenessA 2.6 2.9** 2.2 1.2 

Rainfall for reliable seedingA 2.3 2.0 ** 2.6 1.0 
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3.5.2 Logit analysis of no-till adoption 

Results from the logit regression model for no-till adoption are shown in Table 3.4. 

There were 87 missing observations in the data, bringing the total number of observations 

in the analysis to 297. Fifty nine percent of the missing observations were adopters, with 

75% of the missing observations coming from a non-response to the changeover cost 

perception variable.  An acceptable fit was achieved by the model, with a McKelvey and 

Zavoina3 R-squared value of 0.60 and an adjusted count R-squared of 0.57. Eighty-six 

percent of adoption decisions and 76% of non-adoption decisions were correctly predicted.  

 

As the highest proportion of no-till adopters were in Western Australia, regions from this 

state collectively form the baseline comparison for the other state (i.e. South Australia) and 

region (i.e. Southern Wimmera (Victoria) and Upper Murrumbidgee (New South Wales)) 

dummy variables. Respondents in South Australia and the Upper Murrumbidgee were 

significantly (P<0.01)  less likely than those in Western Australia to be no-till adopters, 

while there was no difference in the probability of adoption between the Southern 

Wimmera and Western Australian regions. Average annual rainfall had a highly significant 

(P<0.01) positive influence on the likelihood of adoption.  

 

In terms of personal characteristics, the length of time growers were aware of no-till being 

used in their district had a highly significant (P<0.01) positive influence on no-till adoption.   

Those respondents with the presence of someone with tertiary training (i.e. a degree or 

diploma) directly involved in making management decisions had a higher probability of 

adopting no-till (P<0.1). The employment of a directly paid cropping consultant (P<0.05) 

and the number of extension events (P<0.05) attended per year had significantly positive  

                                                 
3 See Veall & Zimmerman, 1996 
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Table 3.4 Logit regression estimates of coefficients associated with no-till adoption  

Variable Coefficient S.E. t-ratio p 

Constant -5.35 1.79 -2.98 0.00 

South Australia -2.31 0.52 -4.39 0.00 

Sthn Wimmera (Vic) -1.05 0.70 -1.49 0.14 

Upper Murrumbidgee (NSW) -2.80 0.86 -3.26 0.00 

Rainfall  0.01 0.00 4.52 0.00 

Farm size 0.19 0.11 1.66 0.10 

Cropping intensity 0.19 0.85 0.22 0.83 

Time of no-till awareness 0.08 0.03 2.89 0.00 

Education  0.74 0.43 1.71 0.09 

Discount rate 0.00 0.01 0.64 0.52 

Soil erodibility 0.44 0.48 0.91 0.36 

Use of directly paid consultant 0.82 0.39 2.12 0.03 

Extension attendance  0.10 0.04 2.27 0.02 

Changeover cost -0.03 0.02 -1.45 0.15 

Herbicide resistance risk  -0.18 0.18 -1.00 0.32 

Pre-emergent effectiveness 0.44 0.15 3.02 0.00 

Rainfall needed for reliable seeding -0.46 0.18 -2.61 0.01 

N                                                    297 

Chi-square (16 df)                         158.94 (P<0.00) 

McKelvey and Zavoina's R2          0.60 

  

Actual 
Predicted 

1 0 

1 146 31 

0 24 96 

Total 170 127 
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influences on the likelihood of adoption. Significant no-till perception variables were the 

effectiveness of pre-emergent herbicides and the amount of rainfall needed to allow reliable 

seeding (P ≤ 0.01).  The perceived extent of erosion prone soil on the farm was not 

significant. 

 

3.5.3 Marginal effects 

Two measures of marginal effects (odds ratios and elasticities) of the logit model 

variables are shown in Table 3.5. Odds ratios show the proportional effect of a one unit 

change in the level of a variable (or the presence/absence of dummy variables) on the 

adoption probability coefficient. Elasticities (dy/ex for continuous variables, dy/dx for 

dummy variables) give the percentage-point (pp) change in adoption probability in 

response to a one percent increase from the mean of an independent variable or a change 

from 0 to1 for a dummy variable. For example, a 10% increase in average annual rainfall 

would increase the probability of adoption by 2 pp from the overall baseline probability of 

adoption of 64% to 66%. Both odds ratios and elasticities assume that, while the variable in 

question is changed by one unit or pp, all other variables remain at their respective means.  

 

The State and region locational variables had varying marginal effects on the probability of 

adoption, with growers in the Upper Murrumbidgee and South Australia being around 50 to 

60 percent (respectively) as likely to have adopted no-till as their Western Australian 

counterparts. The length of time that growers were aware of no-till being used in their 

district had a significantly positive marginal influence on adoption, with an extra year of 

awareness increasing the probability of adoption by approximately 9 pp.  
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Table 3.5 Odds ratios and elasticities (dy/ex) from model of no-till adoption 

Variable Odds ratioA dy/exB 

South Australia 0.101 -0.467* 

Southern Wimmera* 0.351 -0.254* 

Upper Murrumbidgee* 0.061 -0.572* 

Rainfall 1.014 1.202 

Farm size 1.208 0.101 

Cropping intensity 1.208 0.029 

Time of no-till awareness 1.086 0.31 

Education 2.096 0.159* 

Discount rate 1.004 0.019 

Soil erodibility 1.547 0.046 

Use of directly paid consultant 2.271 0.179* 

Extension attendance 1.104 0.142 

Changeover cost 0.969 -0.054 

Herbicide resistance risk  0.838 -0.159 

Pre-emergent effectiveness 1.552 0.269 

Rainfall needed for reliable seeding 0.633 -0.241 

A the proportional change in the probability of adoption following a unit change in the level of a variable (or 

the presence/absence of dummy variables)  

B the percentage-point change in adoption probability in response to a one percent increase from the mean of 

an independent variable, apart from * discrete change of dummy variable from 0 to 1 (dy/dx) 

 

Some of the personal characteristic and information related variables also had large 

marginal effects on the probability of adoption. No-till adoption became more than twice as 

likely if a cropping consultant is employed, while an extra day per year spent attending 

extension events increased the probability of adoption by 10 pp (Table 3.5).   
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The results indicate that if the mean grower perception of the efficacy of pre-emergent 

herbicides in no-till systems compared to the conventional system was increased by 10% 

the probability of adoption would increase by 2.7 pp i.e. from the current 64% to 66.7%. A 

10%  reduction in the mean grower perception of rainfall needed to sow a crop under no-till 

systems relative to full-tillage systems led to an increase in adoption probability of 2.4 pp 

e.g. from 64% to 66.4%.   

 

3.6 Discussion 

 

3.6.1 Location 

The diffusion of no-till technology has occurred at different times and rates across 

the regions and states surveyed, with the results indicating that growers in Western 

Australia were most likely to be no-till adopters and the general trend for adoption to be 

more likely in higher rainfall areas. Possible region-specific factors that may not have been 

captured by the variables used in this analysis include the greater risk of root disease risks 

in highly calcareous soils in some South Australian regions (Coventry et al., 1998) and the 

greater risk of sandblasting to newly germinated crops on the sandier Western Australian 

soils (Hamblin, 1987).  

 

The results indicate a significant positive relationship between average annual rainfall and 

the probability of adoption. This finding is reinforced by the work of Caswell et al. (2001) 

who observed that high average monthly rainfall significantly increased the probability of 

adopting conservation tillage methods. Low rainfall areas, particularly in some of the South 

Australian Mallee regions, tend to be more marginal and are known to have low levels of 

no-till adoption (Coventry et al., 1998).  
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3.6.2 Personal characteristics 

There was a significantly positive correlation between the length of time in which 

adopters first became aware of no-till being used in their district and the probability of 

adoption. These findings are consistent with the role of information quality and learning in 

a framework of the role of risk, uncertainty and learning in adoption of agricultural 

technology outlined by Marra et al. (2003). The marginal effect of no-till awareness 

indicated that a 25% increase in the number of years of awareness would increase the 

probability of adoption by 7.8 pp. 

 

The results here show that growers’ perceptions regarding the extent of their properties’ 

soils that are susceptible to erosion were insignificant in explaining the decision to adopt 

no-till. The variable describing growers’ perceptions regarding the cost of changing seeding 

machinery to a no-till arrangement were also insignificant in explaining no-till adoption 

(P=0.15) but was in the expected direction. Factors more likely to benefit shorter-term crop 

production under no-till, such as earlier seeding and herbicide efficacy, appear to be of 

greater importance. 

 

Variables representing the effort growers put into obtaining cropping information were 

significant in describing adoption. The employment of a directly paid consultant for 

cropping advice and the number of days per year spent attending annual cropping extension 

events (e.g. field days, seminars and workshops) had significantly positive associations 

with adoption, with the marginal effects showing that these factors have a large, positive 

effect on the probability of adoption. Cary et al. (2001) also found that the number of 

training activities undertaken by farmers had a significantly positive influence on the 

adoption of conservation tillage practices. The current results suggest that the no-till system 
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is information intensive and that adopters are likely to incur some information costs in 

implementing the innovation. Consistent with the information processing and learning 

demands of a complex systems change, numerous other studies into the adoption of 

conservation tillage practices have found education to be a significant indicator of the 

likelihood of adopting conservation farming practices (see Rahm & Huffman, 1984; Wang 

et al., 2000; Caswell et al., 2001; Cary et al., 2001).  

 

3.6.3 Perceptions of no-till 

The probability of adopting no-till was significantly influenced by perceptions 

regarding the effectiveness of pre-emergent herbicides in a no-till/stubble retention (NTSR) 

system and the amount of opening season rainfall to allow reliable seeding. These effects 

were in comparison to a system of full cultivation with stubble removal (FCSR).  

 

 Sowing timeliness  

Sowing timeliness is important in allowing crop establishment to take place earlier 

(i.e. with less opening-season rainfall), providing crops with the best opportunity to 

maximise yield through full utilisation of growing season rainfall (Ward et al., 1987). 

Long-term crop variety testing research has proven that, at least with some older varieties 

in short season growing conditions, the rate of yield decline following optimum seeding 

time can be as much as 35 kg/ha/day (Littlewood, 2003). The perception that long-term use 

of an NTSR system would allow crops to be sown with less opening season rainfall was a 

significant predictor of no-till adoption, and therefore, should be considered as a potentially 

effective target for extension aimed at increasing no-till adoption.  
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Pre-emergent herbicide effectiveness 

The effectiveness of soil-applied pre-emergent herbicides is related to the perceived 

availability of an effective weed control option at seeding when tillage is removed through 

no-till adoption. The results suggest that research and extension able to increase the 

perceived efficacy of pre-emergent herbicides in no-till systems will lead to greater no-till 

adoption.  

 

It should be noted that the recommended rate for some formulations of commonly used 

soil-applied pre-emergence herbicides are higher in minimum or no-till situations with high 

stubble loads. It is possible that some growers were responding in terms of relative 

effectiveness at the same application rate in a NTSR situation. 

 

Herbicide resistance risk 

A majority of respondents thought that the risk of herbicide resistance would be 

higher under a long-term no-till system with stubble retention compared to a system using 

full cultivation and stubble removal. Therefore many growers are adopting no-till with the 

expectation that continual use of such a system will lead to greater development of 

herbicide resistance. The analysis suggests that expectations of herbicide resistance risks 

under no-till systems are not having a major influence on no-till adoption. The results 

highlight the need for IWM strategies for use in no-till systems to offset the risks of 

herbicide resistance. 

 

3.7 Comments 

The question of the extent to which adopters’ perceptions regarding the technology 

are formed before or after the adoption decision is likely to be relevant in the case of a 

relatively new technology such as no-till. Depending on the extent to which the innovation 
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is ‘trialable’ (see Rogers, 2003), adopters, having used the technology, refine their 

perceptions in accordance with their experience. Evidence from the technology innovation 

literature indicates that opinions regarding the relative advantage of a particular innovation 

can improve after adoption (e.g. Jiménez-Martínez and Polo-Redondo, 2004). Further 

research to investigate the effects of no-till adoption on growers’ perceptions of its relative 

(dis)advantages over full-tillage would require data collection through return surveys of 

new adopters. 

 

 It should also be recognised that there may be other social and economic factors, such as 

changes in the relative profitability of competing enterprises, changes in the relative prices 

of inputs and climate variability that influence the probability of no-till adoption. The time 

dependency of such factors excludes them from the logit modelling framework.  The 

significance of location by region also indicates that there are significant variables 

capturing differences between regions that have not been specified in this study.   

 

3.8 Conclusions 

The perception that a no-till system would lead to greater herbicide resistance 

problems was widespread.  Awareness of the potential erodibility of farm soils was also 

high; however, neither of these factors were influential in the no-till adoption decision.  

Compared to these factors, research and extension that can influence the perceived efficacy 

of pre-emergent herbicides and the ability to sow crops earlier in no-till systems is likely to 

have a greater impact on the likelihood of no-till adoption.  Adoption of no-till systems is 

clearly an information-intensive process and opportunities for extension to accelerate the 

use of no-till by Australian grain growers are evident.   
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CHAPTER 4 

 

Adoption of conservation tillage in Australian cropping regions: an application of 

duration analysis 

 

4.1 Abstract 

The diffusion of agricultural innovations is rarely rapid. As a result, adoption 

decisions over time are very likely to be influenced by changes in generic factors such as 

the price of complementary inputs and environmental conditions. But despite this, the vast 

majority of studies aiming to explain innovation adoption are limited to cross-sectional data 

and analysis techniques that cannot accommodate time-dependent variables. This study 

departs from these attempts by using a duration analysis technique to investigate the 

significance of time-dependent economic and environmental variables, along with cross-

sectional variables such as technology-specific perceptions, on the adoption of soil-

conserving cropping practices by grain growers in southern Australia over the period 1983-

2003. Of particular interest is the possible trade-off faced by farmers where adoption of no-

tillage cropping technology can lead to greater herbicide reliance and 

subsequently unsustainable weed management due to high risks of herbicide 

resistance.  Results show that factors affecting the cost-effectiveness of herbicides are 

important in the adoption of the erosion-reducing cropping systems. Several factors relating 

to the availability and use of technical information are also shown to be influential. The 

duration analysis approach allowed changes in time-dependent variables, including the fall 

in the price of the herbicide glyphosate, to be identified as determinants of the timing of no-

till adoption.   
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4.2 Introduction 

No-till is an important development in cropping technology as soil exposure 

through full tillage is considered to be a major cause of decline in soil structure and erosion 

(Chan and Pratley). The benefits of no-till relative to full tillage include: a) better timing of 

sowing, b) lower fuel costs, c) higher long-term productivity, d) lower soil erosion and 

better water quality, and e) greater soil moisture retention and water infiltration (ISTRO, 

1997). 

 

No-till sowing systems have been associated with increased cropping intensity and the 

reduced risk of soil degradation (McTainsh et al., 2001). However, the removal of tillage as 

a pressure on weed populations usually results in a system with greater dependence on 

chemical weed control (Allmaras et al., 2000; Radcliffe, 2002; Hooper et al., 2002) and 

with it a greater risk of herbicide resistance. In Australia, herbicide resistant weed 

populations are prevalent in most major grain growing regions (Llewellyn and Powles, 

2001), with costlier forms of multiple resistance and glyphosate resistance becoming more 

common (Powles et al., 1998; Llewellyn et al., 2002; Walsh et al., 2003). Unlike some 

highly mobile insect pests, the development of resistance in major Australian weeds is 

largely attributed to field-specific selection pressure and management practices, such as the 

replacement of tillage with herbicidal weed control (Neve et al., 2003). 

 

The diffusion of no-till in grain-growing regions of Australia has been growing rapidly over 

the past two decades. However, most agricultural adoption studies to date do not account 

for time-varying factors that may influence individuals’ adoption decisions, instead 

concentrating on cross-sectional factors that may influence the probability of adoption at a 

single point in time. Incorporating subjective perceptions relating to an innovation’s value 
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is one way to recognise the dynamic learning process that underpins adoption (Lindner, 

1987). However, time-dependent variables that may help to explain whether and when an 

individual decides to adopt cannot be included in the typical cross-sectional studies. 

Treating the process of diffusion and individual adoption decisions as separate entities 

ignores the fact that the diffusion curve basically represents the growth in adoption over 

time.   

 

Duration Analysis (DA) is a statistical method that builds on dichotomous choice methods, 

in which individual adoption decisions are modelled using cross-section data and 

measurements of aggregate diffusion. DA adds a dynamic element to the analysis by 

combining both individual adoption decisions and the cumulative aspect of innovation 

diffusion (Feder et al., 1985).  

 

This study uses DA to analyse data on the time to adoption of no-till technology by farmers 

in Australia’s southern grain growing region. The relative importance of a number of 

personal, locational and economic variables on the likelihood of no-till adoption over a 20 

year period is determined. Time-dependent variables such as herbicide prices and 

awareness of local no-till use are included, together with a number of cross sectional 

variables including perceptions relating to no-till value. 

 

The emphasis of this study is on identifying factors associated with the decision to begin 

using no-till on some area of the farm. While it is acknowledged that disadoption can be 

important (Burton et al., 2003; Rigby and Young, 2000), and was found to occur to a small 
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extent in the sample4, this cannot be directly accounted for in the model used. Also, 

growers usually use more than one tillage practice on their farm, and may apply no-till to 

differing areas of their property. However, being a dichotomous decision-based model, 

changes in extent of no-till use are not accounted for. 

 

The next section briefly outlines the conceptual framework for no-till adoption used in this 

study, followed by an explanation of the DA method. A review of conservation tillage and 

related adoption literature is then followed by a description of the study area and the 

variables used in the analysis, leading to results from the regression analyses. Implications 

for no-till and weed management research, development and extension are discussed. The 

paper concludes by discussing some of the benefits and potential areas of future 

development for using the DA method in studying the adoption of agricultural innovations. 

 

4.3 Conceptual framework 

In this study it is assumed that growers’ perceptions, along with other cross-

sectional and time-dependent farm, farmer and economic characteristics contribute to each 

individual grower’s subjective utility of no-till as time progresses. The importance of 

learning, information acquisition and farmer perceptions of innovation specific 

characteristics in determining adoption has been emphasised in other models (Lindner et 

al., 1979; Adesina and Zinnah, 1993; Fischer et al., 1996).   

 

                                                 
4 Approximately 20% of no-till adopters had reduced their use of no-till at some time, while five percent of 

no-till adopters were either not planning to continue or unsure about continuing using no-till in five years time 
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The study presented here is based on the paradigm that growers hold particular perceptions 

regarding the effects of no-till, and that these subjective assessments can be important 

factors in their adoption decision (Wossink et al., 1997). However, these subjective 

assessments are under constant review, so the question of adoption probability becomes a 

question of time to adoption. Conceptually, when the subjective utility of adoption (UNT) 

increases relative to conventional tillage (UCT), adoption becomes more likely, with 

adoption occurring at the point in time when UNT>UCT.  So, for an individual grower: 

 

PNT = f(l,lt,g,gt,et)        (4.1) 

 

Where: 

PNT = the probability of no-till adoption at time t 

l  =  a vector of cross sectional variables describing the farm characteristics 

lt = a vector of time-dependent variables describing the change in farm characteristics 

g  = a vector of cross sectional variables describing the grower’s personal characteristics 

gt = a vector of time-dependent variables describing the change in grower’s personal 

characteristics 

et = a vector of time-dependent variables describing the change in generic economic 

conditions. 

 

4.4 Duration Analysis 

DA has an extensive history of use in biometrics for analysing epidemiological 

problems and in engineering for failure testing of components, and hence its use of terms 

such as ‘hazard rate’ and ‘survival time’. Lancaster’s (1972) study of the factors 

influencing spells of unemployment is thought to be the first use of DA in the social 
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sciences. More recently, DA has been used in agricultural (Burton et al., 2003; Carletto et 

al., 1999; De Souza Filho et al., 1999; Fuglie and Kascak, 2001) and communication 

(Meade and Islam, 2003) technology adoption studies.  

 

DA relates to the investigation of time (T) to the occurrence of an event, which in this case 

is the adoption of no-till. Even though the earliest stated time of adoption of no-till in our 

sample was in 1964, very few growers (<2%) had adopted prior to 1983. The availability of 

herbicide data was also restricted before 1980. As a result, 1983 was used as the beginning 

of the time period for this study. Duration time, for the purpose of this study, was the 

period from when an individual grower started making management decisions on their 

farm, through to the time they adopted no-till, or in the case of non-adoption, through to 

end of the study period (2003). To allow for the inclusion of generic time-dependent 

variables, 1983 was used as the entry date for growers making management decisions prior 

to 1983.  

 

Assume that F(t) denotes a function describing, as in Figure 4.2, the cumulative distribution 

of adoption events (i.e. F(t) = Pr(T ≤ t)), then the survival function S(t) is the reverse of the 

cumulative distribution function of T: 

 

S(t) = 1 – F(t)        (4.2) 

 

which defines the probability of surviving (i.e. not adopting) at time t. 
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The hazard function (h(t)) specifies rate at which adoption occurs through time: 

  

 

   (4.3) 

          

 

The hazard function can be split into two components: that part that is dependent on 

individual characteristics and that which is not. The latter is sometimes also referred to as 

the baseline hazard (h0(t)). The baseline hazard can be semiparametric, as in the Cox 

proportional hazards model (Cox, 1972), where covariates shift the baseline hazard 

function; or parametric, wherein a functional form defines the baseline hazard for all 

individuals over the whole period. The benefit of a semiparametric model is that no 

(potentially incorrect) assumptions need to be made about the shape of the hazard function. 

However, parametric models are more efficient in their use of information provided by the 

data because, unlike semiparametric methods, they do not ignore what happens to 

covariates in time periods where no failures (adoptions) occur. Functional forms that have 

been used for parametric duration models include the logistic, Weibull, exponential, 

lognormal, log logistic and Gompertz probability distributions (Kiefer, 1988; Cleve et al., 

2002). 

 

The exponential model assumes the baseline hazard takes the form: 

 

h0(t) = exp(β0)       (4.4) 
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where β0 is the only ancillary parameter to be estimated, and the baseline hazard is assumed 

to be constant over time. A consequence of the exponential model is that the expected 

remaining time to adoption is given by the inverse of the hazard, and is independent of 

prior survival times.  

 

The Weibull model estimates two ancillary parameters, β0 and p, and assumes the form  

 

h0(t) = ptp-1exp(β0)       (4.5) 

 

which collapses to the exponential model when p = 1. The Weibull model is suitable for 

modelling adoption where the hazard is duration dependent.  

 

Individual covariates can be introduced in a number of ways, but the most common is to 

assume a proportional hazards model, where the impact of a covariate on the hazard is 

proportional to the baseline hazard. A proportional hazards model with a constant baseline 

hazard was specified in this study. So the relationship between the hazard rate h(t) and 

explanatory variables Xt can be defined as 

 

h(t) = h0 exp(β’Xt) = exp(β0) exp(β’Xt)    (4.6) 

 

The explanatory variables are both cross-sectional and time-dependent. Two reasons for 

using this specification are that a) changes in the values of the exogenous time-dependent 

variables are the same for all farms, thus imparting a component of duration dependence 

that is equivalent for all individual adoption probabilities, and b) the ‘time of no-till 

awareness’ variable is likely to capture most of the underlying time-dependent process of 
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innovation diffusion. The estimated model operates using annual time steps, which accords 

with the annual nature of cropping system decisions.  The dependent variable is coded as a 

zero for years prior to adoption, and a one at the point of adoption.  Time varying 

covariates are reported as annual averages for the appropriate year.  

 

4.5. Adoption of conservation tillage  

There is a wealth of agricultural adoption literature involving conservation tillage 

(e.g. Rahm and Huffman, 1984; Norris and Batie, 1987; Gould et al., 1989), though few 

studies have addressed no-till adoption in Australia. Most of the existing studies use probit 

and logit models that rely on cross-sectional data to determine the significance of factors 

influencing growers’ adoption decisions as measured at a point in time. The following 

review briefly outlines the importance of herbicides in the no-till system and the findings of 

previous cross sectional studies into the adoption of conservation tillage.  

 

It has been commonly observed in conservation tillage adoption studies that larger farms 

tend to invest more heavily in conservation cropping techniques that involve expensive 

machinery investments (Rahm and Huffman, 1984; Norris and Batie, 1987; Gould et al., 

1989; Featherstone and Goodwin, 1993; Westra and Olson, 1997; Wang et al., 2000; 

Caswell et al., 2001). Explanations for this include the greater capacity for larger farms to 

make the up-front “lumpy” machinery investment and the greater land area on which to 

benefit (i.e. the potential for economies of scale).  

 

However, the relationship between changes in farm size over time and adoption of 

conservation tillage machinery and practices does not appear to have been thoroughly 

addressed in the past. This may be due to the difficulties in addressing causality, e.g. 
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recognising the possibility that investing in modern reduced tillage technology promotes 

farm expansion. The DA framework allows for research into the influence of time-varying 

data on the time to adoption. Changes in farm area were used as a variable in the present 

study. 

 

Awareness of a soil erosion problem has been found to be a predictor for the adoption of 

soil conservation measures (Caswell et al., 2001; Anim, 1999). Wind erosion is a major 

risk in many of Australia’s southern grain growing regions, particularly in those areas with 

low (i.e. < 500mm/yr) average annual rainfall (McTainsh et al., 2001). Some of the key 

benefits of no-till include the reduced risk of soil erosion (Baker et al., 1996) and the 

favourable influence on seeding timeliness, allowing earlier sowing and crop establishment 

(i.e. with less opening-season rainfall). Williams and Young (1999) estimated the most 

likely off-site costs of wind erosion caused by land management changes in South Australia 

at $23 million per year.  

 

Selective herbicides are an important component of weed management in no-till systems. It 

is estimated that the use of pre-emergent selective herbicides in Australian winter broadacre 

crops has grown from less than 1 million ha in 1990 to nearly 7 million ha in 2003. The 

increasingly heavy reliance on pre-emergent herbicides such as trifluralin coincides with 

the growth in area of annual ryegrass (Lolium rigidum) with resistance to post-emergent 

selective herbicides (O’Connell and Allard, 2004).  As such, perceptions of the implications 

of no-till for herbicide resistance may act as a disincentive for adoption or an incentive for 

disadoption. 
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Education, training and access to information have also been commonly observed as 

influential factors in the adoption of conservation tillage and soil conservation practices 

(Rahm and Huffman, 1984; Westra and Olson, 1997; Wang et al., 2000; Caswell et al., 

2001; Cary et al., 2001; Bekele and Drake, 2003). This is typical of a complex innovation 

that requires system change with relatively high learning demands. 

 

4.6 Data 

This study is based on data from a survey of 384 farmers across southern Australia, 

comprising 240 no-till adopters and 144 non-adopters. The date of adoption is defined as 

the first year in which the farmer used no-till for any proportion of their sowing operation.  

 

A phone survey was conducted between March and October 2003 involving growers across 

a variety of agro-ecological regions within the winter rainfall (250-600mm/yr) dominated 

grain growing regions of South Australia (SA), Western Australia (WA), western Victoria 

(Vic) and southern New South Wales (NSW). Phone numbers were randomly selected from 

publicly available farmer directories. The overall response rate was 51%.  See Table 4.1 for 

regional locations and sample sizes.  

 

The survey questions were designed to elicit information regarding growers’ tillage 

practices, along with locational and personal characteristics. Farmer-specific time-

dependent variables were also generated from the survey data (Table 4.2a).  Additional 

generic time-dependent covariates are also described in Table 4.2b.  
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Table 4.1 Number of responses, district councils and localities comprising survey sample regions 

 
Sample Region 

Number of 

responses 

North West Eyre Peninsula  40 

Lower/Eastern Eyre Peninsula  40 

Upper North  20 

Yorke Peninsula/ Mid North  40 

Southern Mallee  41 

South Australia 

Northwest Mallee  41 

Northern Wheatbelt  41 
Western Australia 

Central/Eastern Wheatbelt 40 

Victoria Southern Wimmera  41 

New South Wales Upper Murrumbidgee  40 

 

4.6.1 Dependent Variable  

No-till has been defined as one pass seeding with narrow/knife points with less than 

full cut-out (less than 30% soil disturbance) and zero-till as one pass sowing system using 

discs for minimal soil disturbance (VNTFA, 2004; WANTFA, 2004). In this study, zero-till 

was assumed to be a subset of no-till, which was defined as using seeding equipment on 

which only knifepoints or disc openers were used for soil opening, in one pass with no pre-

season tillage. The binary dependent variable used in this model represented the time 

between when the respondent started making management decisions on their farm and the 

year in which no-till was first used, coded as a zero for years prior to adoption, and a one at 

the point of adoption. Therefore, observations for each grower are repeated for each year 

they remain ‘at risk’ of adopting, resulting in over 4000 observations (see Table 4.4).  
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Table 4.2a Definitions of independent variables 

Cross-sectional farm variables                                          Definition 

WESTERN AUSTRALIA Central and Northern Wheatbelt regions (Western Australia) 

VICTORIA Southern Wimmera region (Victoria) 

SOUTH AUSTRALIA South Australia 

NEW SOUTH WALES Upper Murrumbidgee region (New South Wales) 

RAINFALL Average annual rainfall (mm) 

Time-dependent farm variables 

RAINVARt Annual rainfall as a proportion of 20-year average (1983-2003) at time t-1 

AREAt Farm area (ha) at time t 

CROP%t Proportion (%) of farm sown to crop at time t 

Cross-sectional personal variables 

EDUCATION Active management decision maker with tertiary qualification  

EROSION Proportion of farm’s soil types perceived to be prone to erosion  

CONSULTANT Respondent directly pays a consultant for advice regarding cropping 

EXTENSION  Average days/year attending cropping extension events 

CHANGECOST Perceived cost of changing to no-till seeding equipment ($‘000/m bar width) 

RESISTANCE Herbicide resistance risk 

PRE-EMERGENT  
Effectiveness of pre-emergent 

herbicides 

TIMELINESS 
Amount of rain needed to allow reliable 

sowing 

Perceived long-term influence of 

no-till with stubble retention 

(NT) cf. full-tillage with stubble 

removal (FC). Responses scaled 

from 1 to 5: 1= much lower, 5 = 

much higher, 3 = the same level 

in NT cf. FC 
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Table 4.2b Definitions of independent variables (cont’d) 

Time-dependent personal variables 

FARMGROUPt
A 

Year in which grower first became a member of a farmer group with a 

cropping focus 

LANDCAREt Year in which grower first became a member of a Landcare group 

NTAWAREt 
Year in which grower first became aware of no-till being used in immediate 

district 

Generic time-dependent economic variables 

GLYPHOSATEt Relative price of glyphosate active ingredient to diesel at time tB 

TRIFLURALINt Relative price of trifluralin active ingredient to diesel at time tB 

DICLOFOPt Relative price of diclofop active ingredient to diesel at time tB 

A Does not include no-till farmers associations 

BAverage net diesel price paid by Australian farmers, including farm rebates and subsidies. 

 

4.6.2 Explanatory variables 

Personal characteristics  

Table 4.3 outlines the summary statistics of the explanatory variables used in the model. 

Education (if a manager of the farm has a university degree or diploma); membership of a 

local farming group (not including no-till farming groups due to autocorrelation) and 

extension event attendance, all possible contributors to accelerated learning, were 

hypothesised to reduce the time to no-till adoption. 
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Table 4.3 Descriptive statistics of cross sectional variables by adopter (n = 218) and non-adopter (n = 166) 

groups. 

A - % of growers  

B - 1= much lower; 2= lower; 3= same; 4= higher; 5= much higher 

 

A scale response question format was used to elicit growers’ perceptions of the long-term 

effects of using a no-till system with stubble retention (NT) relative to a ‘conventional’ 

system with full tillage and stubble removal (FC). Respondents were given the 

aforementioned descriptions of the NT and FC systems, and then asked whether they 

thought long-term use of NT would lead to much lower, lower, the same, higher or much 

higher levels of 3 different variables (rain needed to allow reliable seeding (TIMELINESS), 

Adopter sample Non-adopter sample 
Variables and units 

Mean SD Mean SD 

WESTERN AUSTRALIA (WA) (%)A 85 - 15 - 

VICTORIA (%)A 88 - 12 - 

SOUTH AUSTRALIA (%)A 49 - 51 - 

NEW SOUTH WALES (NSW) (%)A 68 - 32 - 

RAINFALL (mm/yr) 379.76 75.45 354.91 72.52 

EDUCATION (%)A 0.24 0.43 0.14 0.34 

EROSION (% of soil types) 0.44 0.36 0.40 0.33 

CONSULTANT (%)A 0.42 0.49 0.16 0.37 

EXTENSION (days/yr) 6.41 4.63 4.58 3.55 

CHANGECOST ($’000/m bar width) 6.83 5.15 7.16 7.51 

RESISTANCEB 3.85 0.92 3.97 0.96 

TIMELINESS B 2.15 0.97 2.64 0.99 

PRE-EMERGENTB 2.88 1.23 2.14 1.02 
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herbicide resistance risk (RESISTANCE) and effectiveness of pre-emergent herbicides 

(PRE-EMERGENT)) in comparison to the FC system. These perceived effects of no-till 

were considered to be potentially important in a grower’s subjective assessment of the 

relative utility of no-till.    

 

Growers were also asked to state their perceived cost of changing to no-till seeding 

equipment. It was expected that those growers who thought the costs of changing to no-till 

seeding equipment to be relatively higher (per unit width) would have a longer time to 

adoption. 

 

Farm characteristics  

Farm characteristics included variables describing location and average annual 

rainfall. The model analyses the state/region dummy variables in relation to Western 

Australia (WA) as the regions sampled in WA had the highest observed levels of adoption 

at the time of surveying. Farm-specific variables that were time-dependent included farm 

size and proportion of farm planted to crop from the time respondents first started making 

management decisions to the time they adopted no-till, or in the case of non-adoption, to 

2003. 

 

The change in cropping proportion was included in an attempt to capture the change in 

relative profitability of cropping and livestock enterprises over the study period. The 

average proportion of arable area sown to crop by respondents has increased by 

approximately 15% (i.e. from 52% to 60%) over the study period, which is a reflection of 

the increasing relative profitability of cropping enterprises. It was hypothesised that those 

with greater increases in the extent of their cropping enterprises would be more likely to 
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benefit from the no-till cropping technology, and thus have a higher probability of 

adoption. It is also expected that those whose farm size has been increasing would tend to 

invest more in conservation cropping techniques involving expensive up-front machinery 

investments. Capturing variations in farm size over time also allows potential farm 

expansion following no-till adoption to be accounted for. 

 

Generic farm variables 

Using a bio-economic simulation model, Gray et al. (1996) found that the declining 

price of glyphosate associated with its release from patent has been a significant 

determinant in the increasing profitability of no-till adoption in Canada’s Central 

Saskatchewan. Given that herbicides and diesel (used to draw tillage implements) are 

substitutable inputs for weed control, the changes in price of three herbicides (glyphosate, a 

broad-spectrum non-selective herbicide applied pre-seeding; trifluralin, a selective 

herbicide applied to soil pre-crop emergence; and diclofop, a selective herbicide used to 

control grass weeds in-crop) relative to the change in price of diesel were included as 

generic time-dependent variables.  

 

The time paths of these variables are shown in Figure 4.1. The diesel price data was 

sourced from the Australian Bureau of Agricultural and Resource Economics (ABARE, 

2003) and represents the subsidised price due to the farm diesel rebate scheme. The 

herbicide price data was sourced from annual editions of Western Australia’s Department 

of Agriculture Farm Budget Guide and was assumed to represent relative price changes for 

all regions in the sample. It was expected that there would be a time-lag between price 

changes and growers’ operational reactions, so a three-year moving average was used to 

represent the annual price ratio of each herbicide to diesel.  
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Figure 4.1 Three-year moving average prices of glyphosate (GLY_DIES), trifluralin (TRF_DIES) and 

diclofop (FOP_DIES) relative to the price of diesel over two decades. 

 

The deviation of annual rainfall from the long-term average was considered to be an 

important factor in the adoption decision. The rationale behind this is that the soil moisture 

conservation benefits of no-till would be more apparent in a drier than average season, and 

that observation (learning) of these benefits on nearby adopters’ properties would prompt 

non-adopters to either trial or adopt the technology in the following season. So for each 

year of observation, the variable RAINVARt represents the previous year’s rainfall (as 

measured by the Bureau of Meteorology in (a) representative location(s) for each region) as 

a proportion of the long-term (20 year) average.  

 

4.7 Results 

The cumulative proportion of growers adopting no-till between 1964 and 2003, 

based on stated time of first adoption is shown in Figure 4.2.  

0.00

0.10

0.20

0.30

0.40

0.50

0.60

0.70

0.80

19
83

19
84

19
85

19
86

19
87

19
88

19
89

19
90

19
91

19
92

19
93

19
94

19
95

19
96

19
97

19
98

19
99

20
00

20
01

20
02

20
03

$/
lit

re

GLY_DIES TRF_DIES FOP_DIES



 77

Figure 4.2 Cumulative distribution of no-till adoption between 1964 and 2003 by respondents to survey. 

 

Initial explorations of time dependence in the baseline hazard, using a Weibull model, 

indicate that the exponential specification is appropriate (test value of 2.02 compared to a 

critical value of 3.84 for the restriction that p=1: see equation 4.5). The results from two 

alternative specifications of equation 4.6 are shown in Table 4.45.  Model 1 has a full 

complement of explanatory variables. This specification lost 5% of the observations due to 

missing values for some of the variables (predominantly CHANGECOST). Many 

respondents, having not considered adopting no-till, had insufficient knowledge to provide 

an expected cost of changing over their seeding machinery to a no-till configuration.  

 

Model 2a is a reduced form, using the significant variables and same sample as in Model 1. 

The VICTORIA dummy variable was retained in the reduced model to complement the 

                                                 
5 The Stata (version 8) statistical package was used to carry out the estimations (Stata Corp, 2003). 
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other regions, while RAINVARt was retained to test the aforementioned hypothesis 

regarding the deviation of annual rainfall from the long-term average. A Chi squared test 

supports the removal of the insignificant variables as a group.  Model 2b uses the restricted 

set of explanatory variables, but all the available observations. The addition of the extra 34 

farmers (leading to an additional 484 observations) makes little change to the estimated 

parameters, suggesting that the model is robust6. The results from Model 2b are interpreted 

below. 

 

The parameters are reported as hazard ratios, with the p-value given in respect to the null 

hypothesis that the variable has no impact, in which case the hazard ratio would equal one. 

A hazard ratio greater (less) than one indicates that the variable has a positive (negative) 

impact on the conditional probability of the non-adoption spell coming to an end at a 

particular point in time (i.e. the instantaneous probability of adoption occurring given that 

the individual is still prone to adoption - herein simply referred to as the probability or 

likelihood of adoption). For example, the hazard ratio for CONSULTANT (1.3) indicates 

that those growers who use a directly paid consultant for cropping advice (i.e. an 

independent agricultural consultant) have a probability of adoption that is 30% greater than 

those not using an independent consultant. 

 

 

 

                                                 
6 A formal test can be undertaken using a form of chow test, by estimating the model separately over the sub-

samples, and comparing it to the model estimated over the full data set.  This leads to a test statistic of 19.78 

compared to a critical value of χ(11,05) of 19.68. 
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Table 4.4. Estimates of full and restricted specifications for exponential duration models of no-till adoption 

 Model 1  Model 2a  Model 2b 

 Hazard Ratio P>|z|  Hazard Ratio P>|z|  Hazard Ratio P>|z| 

SOUTH AUSTRALIA 0.418 0.000  0.436 0.000  0.404 0.000 

NEW SOUTH WALES 0.456 0.021  0.455 0.018  0.414 0.005 

VICTORIA 0.961 0.877  1.049 0.840  1.057 0.810 

RAINFALL 1.003 0.005  1.003 0.009  1.004 0.001 

CONSULTANT 1.313 0.098  1.344 0.065  1.299 0.090 

EXTENSION  1.045 0.003  1.053 0.000  1.053 0.000 

TIMELINESS 0.811 0.009  0.801 0.004  0.832 0.013 

PRE-EMERGENT  1.137 0.040  1.148 0.024  1.159 0.013 

RAINVARt 0.662 0.183  0.727 0.279  0.587 0.060 

GLYPHOSATEt 0.286 0.065  0.278 0.032  0.221 0.008 

NTAWAREt 7.700 0.000  8.215 0.000  7.165 0.000 

TRIFLURALINt 2.087 0.378  - -  - - 

DICLOFOPt 0.618 0.877  - -  - - 

CROP%t 1.381 0.375  - -  - - 

AREAt 1.325 0.447  - -  - - 

FARMGROUPt 1.252 0.167  - -  - - 

LANDCAREt 0.907 0.587  - -  - - 

EDUCATION 1.267 0.164  - -  - - 

EROSION 1.242 0.273  - -  - - 

CHANGECOST 0.993 0.566  - -  - - 

RESISTANCE 1.029 0.701  - -  - - 

Log-likelihood -272.823  -276.855  -307.965 

n 4344  4344  4828 

Significance levels (i.e. P>|z|) are for the null that the hazard ratio (i.e. exp(βi), equals one (i.e. the variable 

has no effect on the probability of adoption). 
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Growers from South Australia and New South Wales’ Upper Murrumbidgee had a 

significantly lower probability of adoption than those in the Western Australian regions, 

while there was no significant difference between the probability of adoption between 

growers in Victoria’s Southern Wimmera and those in the Western Australian regions. 

 

With regard to the other significant cross-sectional variables, the hazard ratio of 1.05 for 

EXTENSION indicates that those growers who attend more cropping extension events 

(such as field days, workshops etc) are more likely to have adopted no-till, with an extra 

day per year spent attending such events increasing the likelihood of adoption by 5%. 

Average annual rainfall (RAINFALL) had a significantly positive influence on the 

probability of adoption, with an extra 100mm of annual rainfall increasing the likelihood of 

adoption by 40%.  

 

Growers’ perceptions of the long-term influence of a no-till system compared to a full cut 

system had significant influences on the likelihood of adoption. Those who thought no-till 

would allow them to reliably sow crops on less rain (TIMELINESS) were more likely to 

adopt, as were those who had a more positive view of the effectiveness of pre-emergent 

herbicides (PRE-EMERGENT) in a no-till system.    

 

The generic time-varying covariates RAINVARt and GLYPHOSATEt had significant 

influences on the probability of adoption. Figure 4.2 shows the steady decline in glyphosate 

prices relative to diesel since 1991. Glyphosate, a broad-spectrum, low resistance risk 

herbicide, is considered a substitute input for tillage in terms of weed control. The hazard 

rate for GLYPHOSATEt indicates that a decrease in the price of glyphosate relative to 
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diesel increases the probability of adoption. The hazard rate for RAINVARt indicates that a 

year with below average rainfall increases the likelihood of adoption in the following year. 

 

In terms of the farmer specific time-varying covariates, only NTAWAREt had a significant 

influence on the probability of adoption. The no-till awareness time variable was present in 

the model as a binomial descriptor, with values of zero for the years prior to awareness and 

one for the years after the grower became aware of someone in their district using no-till. 

This had the strongest impact on the hazard out of all the variables, with a 7-fold increase in 

the hazard (i.e. the instantaneous probability of adoption) as growers became aware of 

another farmer using no-till in their immediate district. 

 

4.8 Discussion 

Though the presence of sample bias remains unknown unless the characteristics of 

non-respondents are available, the response rate of 51% suggests some potential for sample 

selection bias. The sample was selected by targeting those areas known to be dominated by 

farming enterprises based on annual cropping systems. The possibility of self-selection 

bias, where no-till adopters are more interested in participating than non-adopters remains. 

However, independent survey data showing similar levels of no-till adoption in South 

Australia (Department for Environment and Heritage, 2003) and a high level of correlation 

(0.94) between the average regional farm size from the present survey data and regional 

estimates obtained from a database held by the Australian Bureau of Agricultural and 

Resource Economics suggest that any sample or selection bias was low. 
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4.8.1 Glyphosate price 

Potentially one of the most important results arising from this study is the 

significance of the changing price of glyphosate relative to diesel in determining the 

probability of adoption. Dichotomous decision based models (such as those based on logit 

or probit functions) are unable to incorporate time-varying information and are thus prone 

to identification of significant explanatory variables that, in a dynamic context, may be 

redundant. In the present case, results from a DA model suggest that the fall in the price of 

glyphosate has significantly increased the utility of no-till cropping systems relative to 

tillage.  However, as shown by Neve et al. (2003), the movement towards no-till across 

Australia and worldwide is increasing the risks of glyphosate resistance. To assess the 

longer-term costs of greater reliance on glyphosate, growers require risk assessment tools to 

estimate the probability and timing of glyphosate resistance development in their fields 

(Weersink et al., 2005).   

 

The impact of the change in glyphosate price is not only statistically significant, but 

economically significant also. As noted above, the expected time to adoption for the 

exponential model is a constant, is independent of prior survival time, and given by the 

inverse of the hazard. In the proportional hazards model with time varying covariates it is 

possible to predict expected time to adoption in this way, conditional upon a given level of 

the time varying covariate.  If one predicts the expected time to adoption for a 

representative farmer using both 1983 and 2003 glyphosate/diesel price ratios, it can be 

calculated that the reduction in this price ratio over the period has lead (ceteris paribus) to 

the expected time to adoption being halved.  The majority of the effect (i.e. a 44% 

reduction) occurs in the period 1991 and 2003.  
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4.8.2 Rainfall variation 

Annual variation in rainfall from the long-term average had a marginally significant 

influence on the probability of adoption in the following year. The results suggest that if a 

grower had not adopted no-till up to a particular time, they had a higher instantaneous 

probability of adoption if the previous year’s rainfall was lower than the long-term average. 

Even though areas with high long-term average rainfall have a higher probability of 

adoption, the occurrence of years with lower than average rainfall increases the probability 

of adoption in the following year across both comparatively high and low rainfall areas.  

 

This result may be explained by learning opportunities through observation (Pannell, 1999). 

In drier years, any soil moisture conservation and erosion-preventing benefits of the no-till 

technology are likely to be more observable, creating more local field learning 

opportunities. This result is consistent with field observations following drought years 

(Rainbow, 2003). The hazard ratio of 0.6 for RAINVARt indicates that in a year with twice 

the average annual rainfall, the instantaneous probability of adoption is reduced by 40%.  

 

4.8.3 Farm characteristics 

Used as a time-varying variable, farm size had no significant influence on the 

probability of no-till adoption. Farm size has been significant in many other cross-sectional 

studies into the factors influencing adoption of conservation tillage (Rahm and Huffman, 

1984; Norris and Batie, 1987; Gould et al., 1989; Featherstone and Goodwin, 1993; Westra 

and Olson, 1997; Wang et al., 2000; Caswell et al., 2001).  This result suggests that care 

should be taken when concluding from cross-sectional studies that larger farm size leads to 

greater likelihood of future no-till adoption as causality issues may exist. For example, the 

time-saving benefits of no-till may enable adopters to take on larger cropping areas, 
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prompting the purchase of more land after no-till has been adopted. The time-varying 

variable measuring cropping intensity was also not associated with the time to no-till 

adoption. 

 

The significant positive relationship between average annual rainfall and the probability of 

adoption is reinforced by the work of Caswell et al. (2001) who observed that higher 

average monthly rainfall significantly increased the probability of adopting conservation 

tillage methods. Low rainfall areas, particularly in some of the South Australian Mallee 

regions, tend to be more marginal for profitable crop production (Sadras and Roget, 2003) 

and are known to have low levels of no-till adoption as noted by Coventry et al. (1998). In 

these areas of lower marginal returns, there is likely to be less capacity for large machinery 

investments and to bear the risks associated with introducing a new cropping system in any 

given year, while in higher rainfall areas there are greater potential returns from improved 

cropping systems. However, as noted in the previous section, growers were more likely to 

adopt no-till following a year with lower than average rainfall. Given the relative difference 

in the level of significance between these variables, one could conclude that average annual 

rainfall is a more important long-term precursor to no-till adoption, while the occurrence of 

particularly dry (or wet) years has a less important stochastic influence on the probability of 

adoption. 

 

The rate of no-till adoption varied across the regions surveyed, with growers in Western 

Australia being more likely to have adopted earlier. The significance of the state/region 

variables indicates that there are factors not captured by the other variables in the model 

that are causing rates of adoption to differ across locations. Heterogeneity of soil resources 

between regions has been noted to influence the performance and consequent level of no-
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till adoption in the United States (Crosson, 1981), and may also be a factor influencing 

levels of no-till adoption in Australia7. Feder and Umali (1993) also found the agroclimatic 

environment to be the most significant determinant of locational differences in adoption 

rates in an analysis of the final stage of the Green Revolution technology diffusion cycle. It 

is possible that there are unspecified state or region specific social factors and/or extension 

activities that are contributing to the significance of the state/region variables. For example, 

the presence of a regional or state based no-till farming association is a likely contributor to 

the regional probability of adoption; however such a variable could not be included due to 

autocorrelation. 

 

4.8.4 Personal characteristics 

The probability of no-till adoption was strongly influenced by the length of time in which 

growers first became aware of no-till being used in their district. This finding is consistent 

with the role of information quality and learning in a framework of the role of risk, 

uncertainty and learning in adoption of agricultural technology outlined by Marra et al. 

(2003) and cognitive externalities that are dependent on the proximity of early users 

(Baptista, 2001). However, unlike the findings of Anim (1999), the results here show that 

growers’ perceptions regarding the extent of their property’s soils that are susceptible to 

erosion were not a significant predictor of no-till adoption, and that the shorter term 

production issues of effective (pre-emergent) weed control and sowing timeliness have 

greater influences on the probability of adoption. Other studies have shown that land tenure 

status has a significant influence on growers’ conservation investments (Featherstone and 

                                                 
7 In other analyses of this dataset neither pH nor the proportion of sandy soil-types on the respondents’ farms 

were found to be associated with adoption. 
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Goodwin, 1993; Caswell et al., 2001); however inclusion of tenure status in the model was 

unnecessary as farms run by owner-managers account for around 99% of all farms included 

in the sample area (ABARE, 2006). 

 

Informational variables representing the obtainment of cropping information were 

significant in describing adoption. The employment of a directly paid consultant for 

cropping advice and the number of days per year spent attending annual cropping extension 

events (e.g. field days, seminars or workshops) had significantly positive associations with 

adoption. Cary et al. (2001) also found that the number of training activities undertaken by 

farmers had a significantly positive association with the adoption of conservation tillage 

practices.  

 

These results suggest that the no-till system is information intensive. The findings are 

somewhat consistent with other conservation tillage and soil conservation adoption studies 

that found information exposure to be significant indicators of the likelihood of adoption 

(Rahm and Huffman, 1984; Wang et al., 2000; Caswell et al., 2001; Cary et al., 2001; 

Bekele and Drake, 2003). The variable representing education level in a previous logit 

analysis of the same data proved to be a significant factor influencing the likelihood of 

adoption (D’Emden et al., 2005); however education was an insignificant variable in the 

present analysis. It is possible that the other variables used in this study to describe 

information acquisition (i.e. CONSULTANT and EXTENSION) have captured the effect 

of education.  

 

However, some of these results should be read with caution, in particular the 

CONSULTANT and EXTENSION communication variables, and the no-till perception 
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variables TIMELINESS and PRE-EMERGENT, due to the possibility that the survey 

measured behaviours and perceptions that have changed since adoption first took place. For 

example, adopters could have decided that they needed more advice and information after 

making the initial decision to adopt no-till. In the case of perceptions of TIMELINESS and 

PRE-EMERGENT, perceptions may have changed as a result of learning post-adoption.  

Nonetheless, the significance of these variables does indicate that learning and extension 

that is able to change these perceptions among non-adopters can influence the adoption 

decision.  

 

There was a widely held perception amongst both adopters and non-adopters that herbicide 

resistance risks (HR) would be higher under a NT system in comparison to FC system, with 

no significant impact on the probability of adoption. This result indicates that growers are 

adopting no-till with the expectation that it will lead to herbicide resistance.  

                                                                                                                                    

4.8.5 Comparison with a conventional logit model 

A dichotomous logistic (logit) regression using the same data has previously been 

used to estimate the probability of no-till adoption by 2003 (D’Emden et al., 2005). The 

farm area variable in the logit model represented current (i.e. 2003) farm size and was 

significant and positively associated with no-till adoption. However, the logit model result 

is unreliable as farm size in 2003 is most likely to differ from that at the time of adoption. 

Education was significantly associated with no-till adoption in the logit model, but not in 

the DA model. One possible explanation for this is that, NTAWAREt in the DA model is 

capturing the effects of education and information quality on the probability of adoption. 

However, what the logit model cannot capture is the impact of time varying factors, such as 
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the glyphosate price and rainfall variability, which the DA analysis reveals to be of 

significance. 

 

Future work in the area of conservation technology adoption could use the DA technique to 

address issues relating to a changing adoption environment e.g. water availability and 

climate change, on the probability of adoption.  The method also provides the opportunity 

to include time-dependent variables that are specific to the technology e.g. costs of the 

technology and information availability. Determining the influence of technology specific 

perceptions on the probability of adoption is an important step for effectively targeting 

extension, though this is often difficult to achieve.   

 

4.9 Conclusion 

There has been substantial growth in the adoption of no-till in Australia over the 

past 10 years, with the rate and timing of adoption varying between different states and 

regions. The results from this study indicate that rates of adoption across regions are 

influenced by a number of economic, personal and meteorological variables. In addition to 

these, the results indicate that there are some unspecified regional characteristics which also 

influence the probability of no-till adoption over time. These could possibly be attributable 

to regional variations in socio-economic conditions and/or the localised application of 

technology specific information. 

 

Farmers appear to face a trade-off between a soil conserving practice and potentially 

unsustainable herbicide reliance. The increasing adoption of no-till systems, the resulting 

dependence on herbicides for weed control with heightened risk of herbicide resistance is 

an important issue facing Australian cropping systems.  This study demonstrates the 
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centrality of factors relating to herbicide cost-effectiveness to the adoption of a soil 

conserving cropping system.  For example, this study has shown that the patent-related 

decline in the price of the herbicide glyphosate has played a significant role in increasing 

no-till adoption. 

 

Information-related factors are also clearly important in no-till adoption.  These include the 

use of extension and availability of other opportunities for local field observations.  The 

results suggest that localised information and learning opportunities are particularly 

important in no-till adoption decisions. The significant effect that a grower's regional 

location has on likelihood of adoption also indicates the need to take into account regional 

differences when considering no-till adoption. Research-extension initiatives for no-till 

systems that generate information and learning opportunities at a local level are likely to be 

effective in increasing no-till adoption. Information that affects perceptions of pre-

emergence herbicide efficacy and the ability to sow crops with less prior rainfall is likely to 

be particularly influential.  

 

Revealing the importance of time-dependent influences has shown that duration analysis 

can inform researchers about the significance and magnitude of effect that time-dependent 

variables have on the time to adoption. This can be done without ignoring important cross-

sectional variables that traditional dichotomous decision-based studies have shown to be 

significant in the probability of adoption.  
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CHAPTER 5 

 

General Conclusions 

 

5.1 Summary 

 This section provides an overview of the main findings from this thesis. A brief 

appraisal of the choice of methodology is given, followed by a short discussion of the 

findings from the models estimated to describe the adoption of conservation tillage (i.e. no-

till) in Australia’s southern cropping regions. 

 

5.1.1 Methodology 

This thesis has explored some of the methodological developments in the adoption 

and diffusion of agricultural innovations literature, with a focus on those studies relating to 

the adoption of soil conservation techniques, particularly conservation tillage systems. It 

was found that, while commonly used methods such as logit and tobit regression enable 

feasible identification of factors influencing adopters’ decisions, they are unable to 

incorporate time-dependent variables. Duration Analysis (DA) represented an appropriate 

contemporary method in terms of adoption modelling, due to its ability to account for both 

time-dependent factors and cross-sectional characteristics. In addition to this, the cost of 

gathering data to provide an accurate analysis of both static and dynamic factors affecting 

the adoption of no-till, fell within the budget for this project.  

 

The southern cropping region was chosen due to the generally consistent (Mediterranean) 

climate experienced across different zones and sub-regions, and the consequent similarity 

in cropping systems across the region. The region also has a long history of no-till usage 
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with levels of adoption varying widely between sub-regions. Such a variety in levels of 

usage has meant that developing an adoption decision model helps provide reliable insights 

for research policy decision-makers and those promoting the wider uptake of conservation 

tillage. The relevance of this is exemplified by an abundance of no-till extension literature 

published in various Australian agricultural media outlets over the last four years and the 

recent formation of the Conservation Agriculture Alliance of Australia and New Zealand 

(CAAANZ) comprising six no-till farmers associations.  

 

A review of both local and international studies into the adoption of soil conservation 

measures and conservation tillage in particular revealed a number of factors to be worthy of 

consideration in the development of a no-till adoption model for Australia’s southern 

cropping region. These factors could be generally considered as belonging to one of three 

categories: 

1) Personal factors such as age, education, social interaction and perceptions  

2) Physical factors such as rainfall and soil condition, and 

3) Economic factors such as farm size and input prices. 

 

To put these three categories into perspective, one could say that economic and physical 

factors are harnessed by growers who in turn have, at any one time, a specific capacity to 

draw particular levels of efficiency out of the systems with which they work. Changes in 

growers’ perceptions (which are intrinsically tied to the aforementioned capacity) are 

influenced not only by personal factors such as age, education and social interactions, but 

the systems with which they work. In other words, the interactions between a grower’s 

experiences and changes in their physical and economic environment (i.e. their learning 

opportunities) help to ‘frame’ their management decisions. This fundamentally Bayesian 
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decision framework provides the theoretical foundation for the adoption models specified 

in Chapters 3 and 4. 

 

An economic reference point is of particular importance in a grower’s decision to adopt a 

new technology, which could be summed up by the concept of utility maximisation. That 

is, at any one point in time, a grower is assumed to be maximizing their utility (i.e. a 

combination of their non-pecuniary and economic benefits), and any decision to 

significantly change their management practices (e.g. an adoption decision) will be 

accompanied by a commensurate increase in expected utility. In the context of this paper, 

this concept is illustrated by the adoption decision frameworks presented in Chapters 3 and 

4. The following section summarises the findings from the models presented in these 

chapters.  

 

5.1.2 Factors influencing adoption of no-till in Southern Australia 

This section will combine the main findings from the logit model presented in 

Chapter 3 and the DA model presented in Chapter 4 according to the aforementioned 

categories which are assumed to influence growers’ adoption decision frameworks.  

 

Personal factors - information 

The length of time of which growers had been aware of no-till being used by 

another grower in their district, had highly significant positive effects on the likelihood of 

growers adopting no-till in both the logit and DA models. This finding is consistent with 

the role of cognitive externalities that are dependent on the proximity of early users 

(Baptista, 2001) and the demand for high quality information to reduce risk and uncertainty 

in the face of adopting a new technology (Marra et al., 2003).  
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The findings from both the Chapters 3 and 4 regarding the information intensive nature of 

changing to a no-till system are consistent with previous conservation tillage and soil 

conservation adoption studies that found information exposure to significantly influence the 

likelihood of adoption (Rahm and Huffman, 1984; Westra and Olson, 1997; Wang et al., 

2000; Caswell et al., 2001; Cary et al., 2001; Bekele and Drake, 2003).  

 

Information exposure factors however, could simply be the result of posterior effects, 

wherein adopters may have found they required more advice and information after having 

made the decision to adopt no-till. While tertiary education was found to significantly 

influence the probability of adoption in the logit model and the aforementioned studies, it 

was an insignificant factor in the duration model, with the effect most likely captured by 

other information exposure factors. Time-series data where subjects are revisited over time 

(such as is used in some epidemiological studies) would allow the use of duration analysis 

to greater effect in gaining a more accurate understanding of the prior/posterior effects of 

information exposure on adoption. 

 

Personal factors - perceptions 

Unlike other studies which found that growers’ perceptions of erosion potential were 

significant in their decision to adopt soil conservation practices (Ervin and Ervin, 1982; 

Anim, 1999) this study found no such relationship. However, perceptions regarding the 

comparative effectiveness of the pre-emergent herbicide trifluralin in a no-till as opposed to 

conventional tillage system were significantly influential on the probability of adoption in 

both the logit and DA models. This finding is consistent with the concern growers place on 
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sustainable weed management in no-till systems, exemplified by the observation in Chapter 

2 that weed control is the major reason for growers reducing their use of no-till.  

 

Pre-emergent selective herbicides such trifluralin are an important component of integrated 

weed management (IWM) in a no-till system where tillage does not provide high levels of 

weed kill. However, resistance to this group of herbicides amongst populations of Lolium 

rigidum in Western Australia is of concern to grain growers (Owen et al., 2005). Growers’ 

perceptions regarding the sowing timeliness benefits of no-till also have a significantly 

positive effect on the likelihood of adoption. Even though perceptions of sowing timeliness 

and pre-emergent herbicide effectiveness under no-till may be a result of post-adoption 

learning, their significance provides an indicator that extension aimed at changing these 

perceptions amongst non-adopters may influence their decision to adopt. 

 

Physical (location) factors 

Both the logit and duration models presented in this thesis have shown that 

diffusion of no-till technology has occurred at different rates across southern Australia, 

with growers in Western Australia more likely to have adopted earlier than those in South 

Australia and New South Wales, and adoption to be more likely in higher rainfall areas. 

Possible region-specific factors that may not have been captured by the variables used in 

this analysis include the greater risk of root disease in highly calcareous (and thus alkaline) 

soils in some South Australian regions. However, these regions tend to be more marginal in 

terms of reliable crop production and are known to have low levels of no-till adoption 

(Coventry et al., 1998). An average measure of soil pH (as stated by growers) was included 

in initial model specifications but later discarded due to its non-significance.  
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A contributing factor to the aforementioned marginality is the variability of annual rainfall. 

The duration model presented in Chapter 4 suggested that lower than average rainfall 

increased the probability of adoption in the following year across both comparatively high 

and low rainfall areas. Pannell (1999) suggests that learning opportunities through 

observation are an essential component in the development of complex farming systems. In 

the context of this thesis, localised learning opportunities are likely to be more accessible in 

drier years when the soil moisture conservation and erosion-preventing benefits of no-till 

are more apparent. This result is consistent with field observations following drought years 

(Rainbow, 2003). 

 

It is possible that there are unspecified state- or region-specific social factors and/or 

extension activities contributing to the significance of the state/region variables. For 

example, the presence of a regional or state based no-till farming association is a likely 

contributor to the regional probability of adoption; however such a variable could not be 

included due to autocorrelation. Nonetheless, the variable describing awareness of nearby 

adopters (as mentioned in the previous section) is likely to have captured a reasonable 

component of such region-specific factors. 

 

Economic factors – farm size 

While farm size was not a significant predictor of adoption in the final logit model 

(Chapter 3), it was significant in some of the models specified during the development of 

the one presented here. The proximity of the p-value (0.1) to the 90% level of significance 

in the logit model suggests that farm size may have some influence on the likelihood of 

adoption. The farm size variable however, was not robust in that it easily fell out of 

significance upon the introduction of more stable variables. It is noteworthy that the 
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duration model presented in Chapter 4 indicates that changes in farm size over the study 

period were not a significant predictor of no-till adoption probability. This suggests that 

causality issues should be considered when concluding from cross-sectional studies that 

larger farm size leads to a greater likelihood of no-till adoption. The time-saving benefits of 

no-till may, for example, enable the timely sowing of larger areas, thus stimulating the 

purchase of more land after no-till has been adopted.  

 

Weed control input prices 

The three herbicides were considered in this study (glyphosate, trifluralin and 

diclofop) represent modes of action are considered as having respectively low, medium and 

high levels of ‘background’ resistance in the natural populations of their target species. For 

example, Preston and Powles (2002) estimated the natural frequency of Lolium rigidum 

mutations conferring resistance to diclofop to be between 1 × 10-5 and 1 × 10-6, while Neve 

et al. (2003a) assume values for initial resistance conditions of 1 × 10-6 and 1 × 10-8 for 

their models describing the evolution of glyphosate resistance in L. rigidum.  

 

Of particular immediate concern is the general perception that long-term use of no-till will 

increase the risk of herbicide resistance compared to tillage based systems (Chapter 2), and 

that adoption of no-till systems appears to be taking place regardless of this expectation 

(Chapter 3).  

 

Biotypes of barley grass (Hordeum glaucum), a common cropping weed in southern 

Australia, that are resistant to the paraquat-based herbicides, have been found in no-till 

cropping systems in South Australia (Alizadeh et al., 1998). Ironically, it this same group 

of herbicides that enabled Australia’s no-till pioneers to control weeds. However it is the 
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comparatively inexpensive and highly effective herbicide glyphosate which represents a 

particularly important resource for growers wanting to minimise their use of tillage for 

weed control. Neve et al. (2003b) provide evidence that the reliance on glyphosate and 

progressive movement towards no-till across Australia and worldwide is likely to result in 

an increased risk of glyphosate resistance in the absence of integrated management 

strategies for controlling L. rigidum. Indeed, the introduction of glyphosate tolerant canola 

to Australian cropping systems may lead to additional opportunities and economic 

incentive for growers to rely even more heavily on this herbicide. To assess the longer-term 

resistance costs of greater glyphosate dependence, growers require risk assessment tools to 

estimate the probability and timing of glyphosate resistance development in their fields 

(Weersink et al., 2005). 

 

5.2 Conclusion 

 A consistent theme from the present analyses is that no-till sowing systems are 

continuing to gain widespread popularity across Southern Australia. Growers are aware of 

the soil conservation and seeding timeliness benefits of the technology, but concerned 

about the long-term sustainability of weed management options in these systems. Even 

though growers generally perceive there to be an increased risk of herbicide resistance 

under no-till as opposed to full-tillage (Chapter 2), these perceptions are not significantly 

delaying no-till adoption (Chapters 3 & 4). Indeed, adoption decisions could be seen as 

being made with the expectation that herbicide resistance is likely to develop in certain 

weed species under the continued use of no-till. Evidence to date indicates that this is likely 

to be the case in the absence of an IWM strategy. 
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The sustainable use of glyphosate- and trifluralin-based herbicides is of particular concern 

given the influence of their value and perceived effectiveness in the adoption of no-till 

systems (Chapter 4). Therefore, the primary conclusion of this thesis is that developing 

regionally appropriate policies for research into and extension of IWM practices that are 

compatible with no-till systems is of strategic importance to the sustainability of cropping 

systems in Australia’s southern wheatbelt. Applied research aimed at determining the most 

appropriate IWM strategies for regional agroecologies and the accuracy of growers’ 

perceptions of the effectiveness of these strategies would greatly assist in the extension 

process. 

 

Following on from this is the secondary conclusion, which is to emphasise the importance 

of the aforementioned phrase ‘regionally appropriate policies’. Findings from Chapters 3 & 

4 indicate that growers, in considering adoption of no-till, place a high value on the 

information that is generated by localised no-till adoption and made available through 

consulting services and extension events. Therefore growers are likely to, in a similar way, 

place a high value on locally applied IWM research that considers the advantages offered 

by no-till systems.  

 

The third and final conclusion is that time-dependent variables can and do play an 

important role in growers’ adoption decisions. As stated by Bayesian decision theory, 

learning is an iterative process of refining perceptions, or as Arrow (1969) put it, learning is 

by doing. Attempts to account for the influence of dynamic socioeconomic factors on 

innovation diffusion should be made in the development of adoption modelling 

frameworks, despite the potentially higher costs of gathering time-series microeconomic 

data. Indeed, the higher costs of gathering such data may be outweighed by the prevention 
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of even greater long-term costs associated with the side-effects of adopting a particular 

technology without the parallel implementation of safeguards that duration analysis may 

help to reveal as being fundamental to the sustainable adoption of such technology. In this 

case it is hoped that, by making clear the herbicide resistance implications of long-term no-

till use in the absence of IWM strategies, those involved in agricultural research and 

extension will help guide no-till adopters in making sensible, sustainable, long-term weed 

management decisions. 
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 Appendix 1 

NO-TILL ADOPTION SURVEY 

 

1) What is your average annual rainfall in mm or inches?    mm/inches 

 

2) How many adult sheep and/or cattle do you typically run in winter?  

   sheep    cattle 

 

3) In what year did you start working on this farm?     

 

4) (a) What is the total area of arable land that you currently manage? ________ ha/ac 

(b) As an average over the past 3 years, approximately how much of your arable land do 

you crop each year?    ha / ac / % 

(c) What do you expect this figure to be in 5 years time?    ha / ac / % 

(d)i) How much of your cropping area is usually sown to cereals?     ha / ac / % 

 ii) and how about canola?        ha / ac / % 

 iii) and grain legumes?   ha / ac / % 

 

Okay, now I’m going to ask you to try and recall the changes in your land area since 19    

(FROM 3)) IF AFTER 1985, OTHERWISE 1985. 

 

5) So has the total area of arable land you manage changed since 19       (FROM 3)) / 1985? 

  GO TO  

1 Yes    a) 

2 No     6)  
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a) Approximately what was the total area you managed in 19     (FROM 3))/1985? 

________ ha/ac, 

b) and approximately how much did you crop back then? ____% / ha / ac 

In either hectares, acres or as a percentage of your arable area are fine. 

IF UNABLE TO ANSWER EITHER a) OR b), GO TO i)  

c) When did you next expand after 19       (FROM 3)) / 1985?  19  / 20___ 

(IF NO FURTHER EXPANSION GO TO 6)) 

d) And how much more land did you take on in that year?    ha/ac 

e) and approximately how much did you crop back then? ____% / ha / ac 

f) And when did you next expand after 19      / 20     (FROM c))?   19      / 20___ 

(IF NO FURTHER EXPANSION GO TO 6)) 

g) And how much more land did you take on in that year?     ha / ac 

h) and approximately how much did you crop back then? ____ ha / ac / % 

i) When was the last time you changed the area of land you manage?  19      / 20___ 

(IF NO FURTHER EXPANSION GO TO 6)) 

j) And how much more land did you take on in that year?     ha / ac 

k) and approximately how much did you crop back then? ____ ha / ac / % 

 

6) What proportion of your farm would you describe as being prone to wind or water 

erosion if it’s not managed carefully?   % 

 

7) and what proportion of your farm would you describe as sandy?    % 

 

8) What is your typical soil pH?    IF GIVEN A RANGE, ASK FOR MOST COMMON 
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9) a) What is a typical price for cropping land in your district?   $                /ac  /ha 

If you can think back to the last sale in your area. 

 

b)  Consider the situation where you’re looking to purchase some neighbouring land. 

Compared to    $          /ha /ac (from a)) what is the most would you be willing to pay for a 

paddock that has been cropped using three cultivations before each seeding with all crop 

stubble burnt for the past 10 years. (Assuming the cropping histories etc are the same) 

$  /ha /ac 

 

10)   Compared to $          /ha /ac (from 9a)), what would you pay for a neighbouring paddock 

that has been cropped using no-till with all crop stubble retained for the past 10 years? $ 

 /ha /ac 

 

11) How would you describe the importance of the following factors when you are 

considering seeding machinery? Would you say they are not important (1), of some 

importance (2) or very important (3)? So for:      

         Rating 1, 2, or 3 

 

 

 

 

 

 

 

stubble handling  

weed kill in the seeding pass  

narrow row spacing   

soil disturbance below the seed row  

banding of fertiliser   

minimising soil disturbance  

ability to make the machinery modifications on-farm  
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12) For the rest of the survey I’ll refer to seeding which only uses knifepoints or discs in one 

pass with no prior cultivation as no-till.  

(NARROW OPENERS (LESS THAN 50 mm WIDE), SUPER-SEEDER AND INVERTED-T POINTS ARE ALL 

EQUIVALENT TO NO-TILL POINTS) 

a) Have you ever used no-till for cropping?        

 1 Yes 

 2 No   

b) Can you briefly give me the main reason why you started using / haven’t used no-till for 

cropping? 

             

 

IF NEVER USED NO-TILL GO TO 14) 

 

13) a) In what year did you first try no-till for cropping?      

b) When you started no-till cropping, did you buy a new or second hand seeder or did you 

adapt an existing piece of equipment? 

1 Adapted 

 2 New/Second hand 

 

c) What is the largest proportion of your crop that have ever sown using no-till?  

 % 

d) In what year did you start using not-till for this much of your crop?    
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e) Have you generally reduced the proportion of your crop sown using no-till, or stopped 

using no-till, that is, regardless of seasonal conditions?  

   GO TO  

 1 Yes f) 

 2 No 14) 

 

f) In what year did you 

• start reducing the area of crop sown using no-till     OR 

• stop using no-till?    

g) And briefly, what is the main reason you started reducing the area sown / stopped using 

no-till? 

             

 

14)     Do you still use no-till? 

   GO TO  

 1 Yes a) 

 2 No 15) 

a) What percentage of your crop area will you sow this year using no-till? _____% 

 

15) Do you think you will be using no-till for cropping in the next 5 years? 

GO TO  

 1 Yes a) 

 2 No  16) 

a)   And what percentage of your crop do you expect to sow using no-till in five years time? 

____% 



 119

IF NO-TILL % THIS YEAR = NO-TILL IN 5 YEARS GO TO e) 

d) Can you briefly give me the main reasons why you are considering the change? 

             

IF 100% NO-TILL THIS YEAR GO TO 16) 

e) And what percentage of your crop will you sow this year using knifepoints or discs with 

prior cultivation, including autumn tickle?   % 

f) And what percentage of your crop will you sow this year using a full-cut seeding pass? 

 % 

g) On the land you cultivate, how many times do you usually cultivate before the seeding 

pass?    

 

16) If you were to change from conventional to no-till seeding equipment this year, what do 

you think the cost of changing the equipment would be? 

Just an estimate of what you would be prepared to pay is fine. 

CHANGING EQUIPMENT INCLUDES MODIFYING EXISTING EQUIPMENT 

$    

 

17) What seeding bar width do you currently use?        ft/metre? 

 

18) What row spacing do you use for cereals:    in/cm   canola:    in/cm 

legumes:   in/cm 
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19) Now I’m going to read out a list of 15 cropping related issues. As I do so, I’d like you 

to tell me how you think the long-term effects of cultivation and full-cut seeding without 

stubble retention will differ to the long-term effects of no-till seeding with stubble 

retention. If you could keep your answer as brief as possible it will help us stay on time. So 

do you think no-till with stubble retention will lead to higher, lower or the same levels of 

• crop disease    

(IF ANSWER IS MORE OR LESS, ASK: “IS THAT MUCH MORE?” OR “IS THAT MUCH LESS?”  

1 = MUCH LESS; 2 = LESS; 3 = SAME; 4 = MORE; 5 = MUCH MORE) 

And how about: 

• water infiltration   

• moisture retention   

• weed emergence   

• fuel costs    

• herbicide costs    

• fertiliser costs    

• herbicide resistance   

• effectiveness of pre-emergent herbicides like trifluralin   

• risk of glyphosate resistant weeds   

• long-term wheat yields   

• soil erosion   

• reliability of wheat yields    

• rain needed to allow reliable seeding   

• days needed to get the crop in    
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• Okay, now this time thinking of the very first year of trying no-till with stubble 

retention, do you think your wheat yields in that year will be more, less or the same?  

  

 

FOR THE FOLLOWING QUESTIONS, IF ASKED ABOUT HERBICIDE USE, SAY IT IS ASSUMED THAT 

NO HERBICIDES ARE USED. IF ANSWER IS MORE OR LESS, ASK: “IS THAT MUCH MORE?” OR “IS 

THAT MUCH LESS?”  

1 = MUCH LESS; 2 = LESS; 3 = SAME; 4 = MORE; 5 = MUCH MORE) 

 

20) a) Compared to 12 inch crop row spacings, do you think weed growth would be more, 

less or the same with 7 inch row spacings?   

b) Compared to conventional seed and fertiliser placement, do you think weed growth 

would be more, less or the same with deep banded fertiliser? ___ 

c) Okay, now thinking about weed emergence, compared to seeding with a full cut, do 

you think weed emergence would be more, less or the same after seeding with a no-till 

pass? ___ 

  

21) On average, what proportion of your cereal stubbles do you burn? ______% 

Assume whole paddock is burnt 

 

22) What is the most you would consider paying  per row for a seeding unit that could 

reliably sow wheat, canola, lupins or pasture with deep banded fertilizer on 7" rows into 

heavy stubble, without having to worry about stubble blockages? 

$   
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23) Okay, now I’d like to ask some questions relating to herbicide resistance. 

Do you have a herbicide resistant weed population on your farm? 

GO TO  

1 Yes               (a) 

2 No          24) 

(a)  In what year did you first notice this population?    

(b) What proportion of your cropping land has a significant herbicide resistant weed 

population? That is, where a herbicide that once worked is no longer effective enough on a 

weed to be worth using for control?   %  

c) What was this figure 5 years ago?    

 

24) Given your past practices and future plans, how many more years do you think it might 

be before you have a glyphosate resistant weed population on your farm?      years  (if you 

were betting what would be the most likely number of years from now) 

 

25) When do you think a new herbicide that’s able to control ryegrass that is resistant to any 

present herbicide, in other words a herbicide with a new mode of action, will become 

available? How many years from now?    Years 

 

26) As I read out the following weed management practices, could you indicate whether you 

use them or not?           TICK IF USED 

Double knockdown with glyphosate and then sprayseed………………………………  

Burn header rows…………………………………………………………………….... 

Chaff cart or seed catcher………………………………………………………………   

Croptopping (ie non-selective herbicide applied to the crop late in the season)...……...  
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27) What is your average seeding rate for wheat? ______kg/ha 

The next question relates to your valuation of money over time. 

 

28) If I offered you $10 000 now or a greater amount in 5 years, how much would the 

amount in 5 years have to be for you to wait to get the money and forego the $10 000 

today? $__________ 

 

Okay, we’re nearly there; the next section is about your sources of information.   

 

29) Have you ever been a member of the  

WA WA No-Till Farmers Association 

SA South Australian No-Till Farmers Association 

Vic Wimmera Conservation Farming Association or Vic No-till 

NSW Central West Conservation Farming Association 

or any other farmer group focussed on conservation/no-till farming? 

          GO TO  

1 Yes  30)   

0 No d) 

 

30) a) In what year did you join? Group      Year   

              Group      Year   

               Group      Year   
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b) Are you still a member? 

GO TO  

1 Yes  d)   

0  No  c) 

  

c)  In what year did you cease membership?    

d) How important do you think this group has been in terms of influencing your decision 

whether or not to change to no-till farming? Would you say the group is not important, of 

little importance, somewhat important, important or very important?  

1  not       2  little      3  somewhat          4  important      5   very important 

 

31) Thinking back, in what year did you first become aware of someone in your district using 

no-till?    

 

32) a) Are you or have you been an active member of a Landcare group? 

GO TO  

 1 Yes     b) 

 0 No     33) 

 b) In what year did you or someone else on the farm join this group?    

 

33) Are you a member of any local farmer group that looks at cropping issues in your 

district? 

GO TO   

1 Yes 34) 

0 No 35) 
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34) In what year did you join?    

 

35) Do you read the Kondinin Group’s Farming Ahead magazine? 

1    Yes 

0 No 

 

36) In a typical year, how many days do you spend attending field days, seminars or 

workshops that relate to cropping?    

 

37) Do you directly pay a consultant for advice regarding cropping? 

1 Yes 

0 No 

 

38) Can you list your three main sources of information regarding seeding machinery? 

1         

2         

3         

 

39) Are you able to make major changes to your seeding machinery on-farm:  

All the time  1 

Most of the time 2 

Sometimes  3 

or Never  4 
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40) How often are you among the first to try a practice that’s new to your district? Would you 

say  

1   Always 2   Often  3   Sometimes  4   Rarely or  5   Never 

  

41) Would you mind indicating your age group? 

1 under 25  

2 25-34 

3 35-44   

4 45-54 

5 55-64  

6 65+ 

 

42) Has anyone involved with managing the farm completed a university degree or diploma? 

1 Yes 

0 No 

 

 



 

 

 
 

Appendices 2 and 3 could not be included for copyright reasons. 
 
Please refer to the physical copy of the thesis, held in the University Library. 
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