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Summary 

Malva parviflora L. (small-flowered mallow) (Malvaceae) is a common weed of pastures and 

wastelands and its distribution has increased rapidly throughout Australia during the last decade. 

Control of M. parviflora with herbicides, such as glyphosate, is often unsatisfactory and 

changing farming practices, such as minimum tillage, have facilitated its spread. Yet there has 

been little research on M. parviflora in the past and many aspects of its biology and ecology are 

unknown. Hence, there exists a need to examine these aspects in order to investigate and 

develop suitable integrated weed management strategies.   

Weed identification is the first and probably the most important step in the management of 

weeds. Here it is shown that the weedy Malva species in Western Australian farming systems is 

M. parviflora, and not a morphologically similar Malva species or hybrid of two species. A 

common garden study of 24 populations collected across the agricultural region of south-west 

Western Australia revealed that since its introduction over 140 years ago M. parviflora has 

successfully adapted to a wide range of distinct environments. The species is able to thrive in 

areas that vary in annual rainfall from 315 to 496 mm, maximum average temperatures from 

21.9 to 26.8oC and minimum average temperatures from 9 to 13.6oC. However, there was 

limited broad scale ecoclinal differentiation and low genetic variation within the common 

garden study with only length of time between sowing and flowering differing between 

populations. As the species was shown to possess a predominately inbreeding system, which 

typically would create ecotypes/ecoclines due to limited gene flow, it was suggested that seed 

dispersal by sheep is likely to have increased gene flow thus suppressing population 

differentiation. A considerable proportion of mature hardseeded M. parviflora can survive 

rumen digestion and mastication by sheep.  

The germination and dormancy requirements of M. parviflora suit the Mediterranean 

environment of the Western Australian agricultural region. Optimum germination was achieved 

between 15-20oC, temperatures associated with the winter rainfall period in south-west Western 

Australia, although most seeds were able to germinate over a wide range of temperatures (5-

37oC) and had no light requirement. Scarification or fluctuating summer temperatures (50/20oC 

and natural) were required for breakdown of physical dormancy with seed populations from 

regions with similar annual rainfall producing similar dormancy release patterns suggesting 

adaptation. The requirement for fluctuating temperatures for dormancy release is a very 

common attribute of hardseeded species in Mediterranean climates and prevents germination 

during occasional summer rainfall events that occur during the summer drought.  

Whilst M. parviflora seeds mature and develop impermeability and desiccation tolerance very 

quickly, limiting the opportunity for seed control, rumen digestion of permeable seeds is highly 
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efficient in destroying viability and thus livestock may be employed for successful seed control. 

However, it would be important to ensure seeds were consumed before the onset of 

impermeability or that the movement of sheep is restricted for >8 days to prevent spread across 

the farming system. The presence of low genetic variation and limited broad scale ecoclinal 

differentiation in M. parviflora populations suggests that a broad control solution such as 

biocontrol could be successfully applied. 

With origins thought to be in the Mediterranean region, it is not surprising that M. parviflora has 

thrived and prospered in south-west Western Australia. This thesis has determined several 

aspects that have enabled it to flourish in this Mediterranean-type environment and most of 

these attributes, including autogamous reproduction, ecoclinal/ecotypic formation, dormancy 

and asynchronous germination and rapid seed development, are commonly found in successful 

weeds world-wide.  
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Chapter One: General Introduction 

Little is known about Malva parviflora L. (Malvaceae), small-flowered mallow. Throughout 

Australia it is a weed of wastelands, cultivation and degraded pastures and changing farming 

practices, such as minimum tillage, have facilitated its spread. Malva parviflora can be difficult 

to control chemically due to its tolerance to glyphosate and consequently the weed is becoming 

increasingly prevalent in Australian farming systems. A biologically and genetically similar 

Malva species, Malva pusilla, is listed as a noxious weed in Canada and is one of the worst 

weeds of gardens in the United States. It doubled in abundance on cultivated land between 1980 

and 1985 in Alberta, Canada and is capable of causing huge yield losses to crops. It is thought 

that M. parviflora could have the potential to become a noxious weed of Australia in the near 

future.  

Lack of information on M. parviflora and the Malva genus makes creating and implementing 

weed control strategies difficult. The development of integrated weed control management 

programs must be based on an understanding of the factors that promote or repress the 

establishment, growth and spread of weeds. However, the first prerequisite for effective weed 

management is weed identification. In general, Malva species have similar morphological 

characteristics and are especially difficult to distinguish at seedling and vegetative stages. Many 

cases of taxonomic misidentification have occurred in Australia, reflected in the varying number 

of Malva species that are thought to inhabit each state and territory.  

Colonising species must be well adapted to their environments in order to naturalise. The 

breeding system of a colonising species significantly influences this adaptation, with inbreeding 

species generally forming ecotypes, which are particular genotypes adapted to specific 

environments, and outbreeding species suppressing this formation. An understanding of the 

breeding system and population variation within Western Australia will enable us to determine 

the means utilised by M. parviflora for its adaptation to the highly variable and changing 

environments of the Western Australian agricultural region.  

Knowledge of seed dormancy and germination characteristics is essential when developing 

weed management strategies as it enables estimation of emergence patterns and longevity in the 

seed bank. Also, studying seed development of a species provides an indication of the 

maturation period required by seeds to produce viable, germinating offspring.  

Livestock is an important component of many Australian farming systems, and numerous 

studies have shown that it has a major influence on the ecology of many species. Grazing by 

livestock can control plant seed production and restrict reproduction, but it may also spread 

germinable seeds throughout the farming system. The use of non-herbicidal control techniques 
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is vital to any integrated weed management system, and thus it is important to establish whether 

livestock grazing of M. parviflora can be potentially incorporated into a weed control program.  

The aim of this thesis is to develop a greater understanding of the biology and ecology of the M. 

parviflora weed in Western Australian farming systems. Specifically this study will explore four 

main areas; population variation, seed dormancy and germination characteristics, seed 

development and the effect of sheep ingestion on seed survival.  
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2.1   MALVA PARVIFLORA 

2.1.1 Genus Malva 

The natural origin of species within the genus Malva is uncertain because many species have 

become widespread weeds (Ray 1995). The centres of diversity are most likely to be in the 

Mediterranean region and south-western Asia (Hanf 1983; Jessop and Toelken 1986; Makowski 

and Morrison 1989; Mitich 1990). In 1753, Carolus Linnaeus was the first to distinguish Malva 

(mallow) species from within the Malvaceae family based on their characteristic epicalyx 

(triphyllum or free epicalyx segments) (Ray 1998). He originally identified 15 different Malva 

species. Currently, there are thought to be 25-40 species of Malva throughout the world. 

However, numerous species initially placed in Malva have been transferred to other genera and 

there is much doubt about the correct nomenclature of many Malva and other Malvaceae species 

(Ray 1995). It was previously thought to be extremely unlikely that any species in the genus 

Malva naturally occurred in Australia (Ray 1995); however three native Lavatera species have 

recently been changed to Malva (Ray 1998). 

Malva belongs to the economically important plant family Malvaceae, which includes cotton 

(Gossypium L. spp.), ornamental hibiscus (Hibiscus L. spp.) and marshmallow (Althaea 

officinalis L.). Several species of Malva have been used for food, tea and medicine for 

thousands of years, among them small-flowered mallow (Malva parviflora) (see Section 2.1.4). 

In many countries, including Australia, M. parviflora has not been a useful species and 

consequently it has been categorised as a weed, defined as any plant that is not wanted or which 

interferes with human activities (Sindel 2000).  

2.1.2 Origin and distribution in Australia 

The first known reference of Malva in Australia was in 1845 (Miquel 1845) with a description 

of a species called M. preissiana Miq. However, there is no further reference of M. preissiana in 

any literary source examined suggesting that the species name no longer exists. Bentham (1863) 

noted that four European Malva species, M. rotundifolia L. (also known as M. pusilla Sm.), M. 

parviflora L., M. verticillata L. and M. sylvestris L., were naturalised as weeds in some parts of 

Australia and he described their diagnostic characteristics (Barker 1977).  

The number of Malva species currently present in Australia varies between different sources, 

with estimates of 9 (Australia’s Virtual Herbarium, 2005), 6 (Walsh and Entwisle 1996) and 5 

(Hnatiuk, 1990). Small-flowered mallow, M. parviflora, is thought to be the most common and 

widespread introduced Malva species in Australia (Table 1) and it also occurs abundantly in 

New Zealand (Low 1991). In Western Australia M.parviflora has naturalised in Perth suburbs, 

several centres throughout the agricultural wheatbelt region of WA and as far east as the Fraser 
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Range and Rawlinna (Marchant 1987). It has also been spotted in Dongara, Dirk Hartog Island 

(Marchant 1987) and Carnac Island (Abbott et al. 2000). There have been no reports of M. 

pusilla (round-leaved mallow) in Australia; however, M. pusilla has frequently been confused 

both in name and identity with M. neglecta Wallr. and occasionally with M. parviflora 

(Makowski and Morrison 1989).  

2.1.3 Morphological description 

Malva spp.  

In general, Malva species have similar morphological characteristics and are especially difficult 

to distinguish at seedling and vegetative stages (Tanji and Nassif 1995). However species do 

vary in growth, leaf form, hairiness and flower size (Hanf 1983). Malva are annual or perennial 

herbs and strongly resemble the closely related genus Lavatera, except that they are smaller and 

the three segments of the outer calyx are completely free and inserted immediately below the 

calyx (Curtis 1956). Ray (1995, 1998) states that the use of epicalyx characters to separate 

Malva and Lavatera is untenable based on morphological and molecular analysis of the nuclear 

ribosomal-DNA Internal Transcribed Spacer region. Hence Ray (1998) has changed several 

native Australian Lavatera species into Malva species (Table 1).  

Malva leaves resemble Geranium leaves and are alternate, simple and palmately veined with 

long, thin petioles giving the plant the appearance of being loosely put together (Mitich 1990). 

The sepals are fused into a tube with 5 triangular lobes (Jessop and Toelken 1986). Flowers are 

bisexual (Jessop and Toelken 1986) and have 5 pink, purple or white petals, often streaked and 

notched at the tips (Low 1991). The greatest variation occurs in flower size, from the tiny 5 mm 

wide flowers of small-flowered mallow (M. parviflora), to the showy, 2.5-4.5 cm wide, 

hibiscus-like blossoms of tall mallow (M. sylvestris). Malva species characteristically have 

dormant seeds due to the 
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Table 1   Summary of Malva species locations in Australia. Each symbol indicates a different literary source.  

Species Common name W.A S.A N.T. N.S.W Vic Qld Tas 

M. parviflora Small-flowered mallow ● ■ ▲ 
Δ 

● ■ ○ 
▲ Δ 

● ■ ▲ 
Δ 

● ■ ▲ 
Δ 

● ■ ▲ 
Δ 

● ■ ▲ 
Δ 

● ■ ▲ 
Δ 

M. sylvestris Tall mallow    ● ▲ Δ ● ▲ Δ ● ▲ Δ ● ▲ Δ 

M. nicaeensis Mallow of Nice Δ ● ○ ♦ Δ  ● ♦ Δ ● ♦ Δ  ● ♦ Δ 

M. moschate Musk mallow     ●  ● Δ 

M. neglecta Dwarf mallow    ● ♦ Δ ♦ Δ  ● ♦ Δ 

M. verticillata Curled mallow    ▲ Δ Δ Δ Δ 

M. pusilla Round-leaved mallow        

*M. australiana Australian hollyhock (previously Lavatera  plebia) ◘  Δ Δ Δ Δ Δ Δ Δ 

*M. linnaei Cretan mallow (previously. L. cretia) ◘  Δ Δ Δ Δ Δ Δ Δ 

*M. dendromorpha Tree mallow (previously. L. arborea) ◘  Δ Δ Δ Δ Δ Δ Δ 

Total species in each state 5 5 4 8 9 6 9 

                                                                                  * Native to Australia 
Δ (Australia’s Virtual Herbarium, 2005) 
♦ (Auld and Medd 1992) 
○ (Barker 1977) 
● (Hnatiuk 1990) 
▲ (Lazarides et al. 1997) 
■ (Low 1991) 
◘ (Ray, 1998) 
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water impermeability of the hard seed coat (Vaiciuniene and Peseckiene 1978) (see Section 

2.5). 

Malva parviflora 

Malva parviflora flowering commences at an early stage of growth and continues throughout 

the life of the plant (Cunningham and Mulham 1992). Malva parviflora can flower when the 

plant is only a few centimetres high (Everist, 1974). Plants have a single, long taproot that 

allows them to survive long periods of drought and are thus well suited to the Mediterranean-

type environment of the southern Australian cropping region (see Section 2.2). Malva 

parviflora, although not usually considered a halophyte, has been found to inhabit saline soils of 

Bahrain (Abbas and El-Oqlah 1992). Leaves are alternate, dull dark green and generally 

variable in size, but fairly consistent in shape with a seven lobed blade at the end of a stiff stalk 

(Everist 1974). Plants are either prostrate or erect and can grow up to 1.2 metres high (Lamp 

and Collet 1984). Flowers emerge in auxiliary clusters on distinct peduncles with petals ranging 

from pale pink to white and scarcely longer than the calyx (Auld and Medd 1992). The fruit is a 

round capsule 1 cm in diameter containing 8-12 mericarps, which are brown when ripe with 

convoluted surfaces, and the embryo is enclosed in an impermeable red-brown seed coat 

(Moerkerk and Barnett 1998).   

Hybridisation in Malva 

Dalby (1968) reported the existence of hybrids between M. pusilla x M. neglecta, M. alcea x M. 

moschata and M. sylvestris x M. neglecta in Europe. Yet there are no other records of these 

crossings and it is not stated whether these were natural or artificial. A hybrid between M. 

neglecta and M. parviflora was recorded in 1932, but again there is no other record of this 

crossing or of any since (Dalby 1975). Dalby (1968) suggested that the apparent variability of 

some Malva species is due, at least in part, to hybridisation. However, due to the lack of other 

records of natural Malva hybrids since, it is unclear as to whether the ‘hybrids’ were real or a 

case of misidentification. Kristofferson (1926), who experimented with artificial Malva crosses, 

found that although no spontaneous hybrids occurred during the experiment, some of the 

artificial crosses produced slightly fertile offspring (i.e. M. pusilla x M. neglecta, M. parviflora 

x M. neglecta). There is no evidence for hybridisation in Canadian collections (Makowski and 

Morrison 1989). Malva sylvestris pollen placed on the stigma of Gossypium (cotton) did not 

germinate at all (Kamalova 1985) indicating that intergeneric hybrids are also very unlikely (see 

Section 2.3.1). 

Distinguishing the small-flowered mallows 

The small-flowered mallows, including M. pusilla, M. parviflora, M. nicaeensis, and M. 

neglecta, which have petals less than 12 mm long, are a difficult group to define (Hanf, 1983). 
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Conflicts in taxonomic description may be responsible for the misidentification of these Malva 

species. Many taxonomists have simply designated all of these species Malva spp, due to this 

confusion. This demonstrates the need to verify and confirm that the Malva species found in 

Western Australia is M. parviflora and not a morphologically similar Malva species. 

Taxonomists and other scientists frequently mistake M. parviflora for M. neglecta or M. pusilla 

in Canada (Makowski and Morrison 1989). All M. parviflora samples in the Herbarium at the 

University of Kashmir, India have turned out to be M. neglecta (Naqshi et al. 1988). Studies 

show that M. parviflora and M. nicaeensis frequently occur together and are very similar in 

habit and leaf size and shape (Barker 1977). Several characteristics including flower petal to 

calyx ratio, seed hairiness and the contours of the mericarp allow taxonomists to distinguish the 

small-flowered mallows (Table 2).  

2.1.4 Characteristics adding to M. parviflora’s weediness 

Competitive effects 

Due to their presence in crop communities, weeds consume essential resources such as 

nutrients, light and water that would have been otherwise available for crop growth (Gill and 

Davidson 2000). There has been little research into the competitive effects of M. parviflora, 

however M. pusilla, a biologically similar species with the same chromosome number (2n = 42), 

has been studied extensively. Malva pusilla is listed as a noxious weed in Canada (Makowski 

and Morrison 1989) and is one of the worst weeds of gardens in the U.S. (Steffy 1980). It 

doubled in abundance on cultivated land between 1980 and 1985 in Alberta, Canada (Makowski 

1995). It is capable of substantially reducing crop yields and quality. In Canada, wheat yields 

were reduced by 30% at densities of 139 plants/m2 and densities of 39 plants/m2 reduced the 

yield of flax by more than 90% (Makowski and Morrison 1989).  This competitive ability is 

most likely a result of early establishment of the weed before crop emergence. It was observed 

that in crop M. pusilla exhibited a more erect growth habit and grew to the
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            Table 2  Main distinguishing characteristics of the small-flowered mallows 
 

Character Reference M. parviflora M. neglecta M. pusilla M. nicaeensis 

segments narrow segments narrow          segments narrow segments broad 
Epicalyx (Hanf 1983) 

length >3 times width length >3 times width length >3 times width length >3 times width 

(Davis 1967) accrescent in fruit not accrescent in fruit not accrescent in fruit not accrescent in fruit 
Calyx 

(Hanf 1983) much enlarged in fruit  slightly enlarged in fruit slightly enlarged in fruit 

6-7 mm long    (Van Borssum-Waalkes 
1966) barely exceeding calyx    

(Davis 1967)  2 times longer than calyx corolla = calyx length  

(Barker 1977) 3-5 mm long   4-12mm long 

  6-12 mm long 

Corolla 

(Walsh 1996) barely exceeding calyx 
  2.5 times longer than calyx 

(Davis 1967) toothed adjacent margins smooth adjacent margins  smooth adjacent margins 

(Hanf 1983) distinctly reticulate  
on dorsal face 

faintly ridged  
on dorsal face 

distinctly reticulate 
on dorsal face 

distinctly reticulate        
on dorsal face Mericarp  

(Walsh 1996) dorsally ridged/wrinkled dorsally rounded/smooth  dorsally ridged/wrinkled 

Seed (Kumar & Singh 1991) non-hairy non-hairy hairy non-hairy 



Chapter 2  Literature Review 
 

11 

height of the crop, but when alone it spread over the ground with branches over 1 metre in 

length (Makowski and Morrison 1989). Malva pusilla is salt tolerant in Europe and it has been 

observed around saline areas in Saskatchewan (Makowski and Morrison 1989). Studies of M. 

pusilla competition in Canada show that if mallow emerges before the crop, yield is 

significantly reduced (Friesen et al. 1992). It remains green in the fall and causes problems at 

harvest by plugging both the threshing and cleaning components of combining operations 

(Makowski and Morrison 1989). It is also a problem as a crop seed contaminant. Malva species 

are very good competitors with other weed species such as wild oats (Avena ludoviciana) 

especially in minimum tillage systems (Bilalis et al. 2001) where tap roots are allowed to grow 

freely. As there has been a significant shift to minimum tillage in Australian farming systems, it 

is highly likely that M. parviflora would be very competitive with crops and other weeds.  

Animal, fungal and viral effects 

In addition to yield reducing competitive effects with crops and pastures, weedy M. parviflora 

also appears to be potentially detrimental to livestock.  In Australia there is evidence that 

consumption of very large quantities of M. parviflora (1.4-5.5 kg/day) in addition to hard 

driving can cause ‘staggers’ in sheep, horses and cattle (Dodd and Henry 1922; Hurst 1942; 

Everist 1974). Affected animals cannot walk and display trembling and quivering of the limbs, 

shallow breathing and rapid pulse (Everist 1974). If the animal is allowed to rest, the condition 

will pass and it will recover in a few hours so, although potentially toxic, M. parviflora poses 

only a small risk to livestock if recognised early. However, if the animal is continuously pushed 

it may die. It is not known what causes staggers although some researchers have linked plant 

nitrogen production to the condition (Webb 1948; Gardner and Bennetts 1956; Kingsbury 1964; 

Everist 1974).  

Malva parviflora acts as host for many viruses including the South African cassava mosaic virus 

(Berrie 2001) and the faba bean necrotic yellow virus (Al-Nsour et al. 1998). As the weed can 

germinate all year round (Chorbadjian and Kogan 2002), it is likely to be able to host biotrophic 

(lives on living tissue) fungi, such as powdery mildew and rusts, which are extremely damaging 

to the WA farming industry. There has been an increase in severity of downy mildew 

(Peronospora parasitica) in WA since 1998, which severely retards canola seedling growth 

(Babetti and Khangura 2000). Although the link between the recent increase of M. parviflora 

and downy mildew in WA has not been researched, the potential exists that M. parviflora could 

be partly responsible for this rise. It is important to control M. parviflora not only to reduce 

weed-crop competition and crop disease effects, but also to avoid the negative consequences on 

livestock health. 

Herbicide effects - glyphosate 
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Glyphosate is a non-selective, foliar applied herbicide which has been extensively used around 

the world for the past 20 years. Herbicides sold in Australia are allocated a letter code 

depending on the mode of toxicity action (Groups A-N). The mode of action of glyphosate is 

based on the inhibition of aromatic amino acid biosynthesis which blocks protein production 

and prevents secondary compound formation (Bradshaw et al. 1997) and is classified as a 

Group M herbicide. Glyphosate gives only partial control of Malva species (Dastgheib and 

Frampton 2000; Wu and Dastgheib 2001; Chorbadjian and Kogan 2002). This tolerance to 

glyphosate can be reduced by the addition of certain herbicides, which when mixed together, 

produce a synergistic interaction that increases the efficiency of glyphosate or maintains its 

optimum activity at lower rates. Such herbicides include the addition of lactofen (Wells and 

Appleby 1992), a diphenyl ether herbicide that inhibits the production of protoporphyringogen 

oxidase (Group G), and fluroxypyr (Chorbadjian and Kogan 2002), which disrupts plant cell 

growth (Group I).  

It is well known that the activity of the herbicide glyphosate can be antagonised by the presence 

of polyvalent cations (Stahlman and Phillips 1979; Nalewaja and Matysiak 1991) that lead to 

the formation of poorly soluble glyphosate salts that are less likely to be taken up by the plant.  

Microanalysis of the leaf surface of Abutilon theophrasti (Malvaceae) found the presence of two 

antagonistic elements, magnesium and calcium (Hall et al. 2000). Further analysis led to the 

discovery of specialised trichomes (chalk glands) that secreted these cations.  

Alternative uses for Malva parviflora 

In certain countries, M. parviflora is a useful and valuable plant species. It has been used as feed 

for poultry (Asar et al. 1972), carp fish (Labib et al. 1994) and grazing animals (Guerrero 1999). 

Malva parviflora has chemical feed quality attributes comparable to alfalfa with weed-infested 

paddocks in eastern California able to sustain more lamb grazing days and produce more 

kilograms of lamb gain per hectare of land than weed-free paddocks (Guerrero 1999). There is 

the opportunity for M. parviflora to be marketed as a livestock food source, as well as sheep 

being used as a control technique; as long as the potential for staggers is taken into account by 

ensuring sheep are kept stationary.  

Malva parviflora is an important part of the human diet and provides essential nutrients for 

many underprivileged people in countries such as Morocco (Tanji and Nassif 1995) and Mexico 

(Ranhotra et al. 1998). It has also been used in traditional medicine for hundreds of years for its 

anti-bacterial properties (Grierson and Afolayan 1999). Recently it has been discovered that M. 

parviflora contains important anti-fungal proteins and that the anti-fungal genes could 

potentially be transferred to improve resistance of otherwise pathogen-sensitive plants (Wang 

and Bunkers 2000; Wang et al. 2001).  
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2.2   INVASIVE SPECIES IN MEDITERRANEAN FARMING SYSTEMS 

An environment described as being ‘Mediterranean’ is characterised by relatively mild average 

annual temperatures (14-18oC), a period of summer drought and annual rainfall between 600 – 

750 mm that mainly falls in winter (Pignatti et al. 2002). Mediterranean climatic regions 

typically occur in a transition zone between temperate and dry tropical climates and cover 

approximately 2% of the total land surface (Thrower and Bradbury 1973). Such climatic 

conditions occur in five main areas of the world; California, central Chile, the Cape Province of 

South Africa, southern Australia and the true Mediterranean region from Gibraltar to Crimea (di 

Castri 1991). For any plant species to successfully grow in these environments they must be not 

only adapted to environmental conditions typical of Mediterranean ecosystems, such as summer 

drought (Groves, 1991), they must also be adapted to human interference and agricultural 

practices such as tillage and grazing, which commonly occur in these regions. These plants also 

include invasive or weedy species, defined as any plant that is not wanted or which interferes 

with human activities (Sindel 2000) and can be either native or introduced. It has been estimated 

that there are approximately 2,733 weedy species in Australia (Lazarides et al. 1997) with an 

annual cost in excess of $4 billion (Sinden et al. 2004). There are many examples of successful 

weedy species that have adapted to agricultural practices in southern Australia. These include 

Lolium rigidum (annual ryegrass) and Raphanus raphanistrum (wild radish) which have 

herbicide resistance, Chondrilla juncea (skeleton weed) adapted to minimum tillage and 

Arctotheca calendula (capeweed) adapted to pasture systems (Sheppard 2000).  

2.2.1 Invasion process 

The invasion process consists of three stages; introduction, colonisation and naturalisation 

(Groves, 1986). Although this three-phase process is highly simplified, it enables us to gain a 

general understanding of the stages necessary for successful invasions. The introduction phase 

is where plants are transported from their native ranges to new locales, by means of seed or 

vegetative propagules, and establish populations of adult plants. Dispersal of propagules can 

occur by abiotic vectors, such as water and wind, or biotic vectors, such as animals and insects, 

and can be deliberate (i.e. human planting) or unintentional (i.e. seed defecation by animals). 

Humans have served as both accidental and deliberate dispersal agents for centuries, and the 

dramatic increase in plant, animal and microbial immigrations worldwide roughly tracks the rise 

in human transport and commerce (Mack et al. 2000). Multiplication of plants through 

reproduction of the original founding plant and dispersal of reproductive parts indicates the next 

phase, colonisation, has occurred. A newly introduced plant species is more likely to 

successfully colonise if it is already adapted to the climate and it experiences low levels of 

herbivory and interspecific competition (Turner 1988). If the colonisation phase continues for a 
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few generations, the species enters the naturalisation phase, which is where it becomes self-

sustaining and can move beyond its initial introduction site. A successful invasion is a rare event 

and only an estimated 10% of species pass through each of the three major stages (Booth et al. 

2003) so that only one in a thousand will become naturalised.   

Weed attributes 

Although weed species have evolved within very different taxonomic groups, there are several 

traits that they have in common. Baker (1965; 1974) created a list of ideal weed characteristics, 

some of which are common attributes. These include: 

• Dormancy and asynchronous germination 

• Rapid development 

• Phenotypic plasticity 

• Clonal, apomictic or autogamous reproduction 

• High reproductive capacity 

• Small, easily dispersed seeds 

• Ecological race formation 

• Polyploidy  

Plants that do not have any or very few of these attributes are unlikely to become weedy (Baker, 

1974); however, little empirical data exists to support or refute this list of characters (Sakai et al. 

2001). It is important to note that species with traits of Baker’s ideal weed differ in their 

invasiveness, and many invasive species have only a subset of attributes or possess traits not 

associated with high invasiveness (Barrett 1992). For example, Lolium rigidum, one of the 

worst weeds of Australian agriculture, is a predominately outcrossing species (Groves, 1986). 

Also, several agricultural weeds possess chemical or physical characteristics that resist the 

grazing efforts of livestock (Turner 1988). Selection pressures acting upon weed populations 

will vary with species and event so that each case is unique (Brown and Marshall, 1981). Thus 

there is no simple definitive list of characteristics that conveys invasion success although many 

reviews (e.g. Holm et al. 1977; Brown and Marshall 1981; Rejmanek and Richardson 1996) 

have identified attributes common with Baker (1965; 1974) over a range of species.  

Breeding system of weeds 

Most weed species are capable of some mode of uniparental reproduction either through selfing, 

apomixis or clonal reproduction (Baker and Stebbins 1965; Baker 1974) and shifts in mating 

systems towards increased selfing are often associated with the colonisation of unoccupied 

territory (Barrett 1992). Selfing species only require one plant to enable colonisation of a new 

environment, eliminating the need for multiple introductions to a particular site in order for 

reproduction to proceed. A study of over 400 plant species belonging to 43 different families 
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determined that predominantly inbreeding systems were more common among colonisers or 

weeds (Price and Jain 1981) and even when outcrossing does occur in colonising species, wind 

or generalised flower vectors are sufficient (Holt 1988). The advantage of a predominately 

inbreeding system is the production of genetically identical plants already adapted to a 

particular environment, whilst the occasional outcrossing provides genetic recombination and 

variation for the population (Baker 1974). However, there are several successful invasive 

species that are not disadvantaged by having an outbreeding system including Echium 

plantagineum (Patterson’s curse) (Wood and Degabriele 1985), Arctotheca calendula 

(Dunbabin 2001), Lolium rigidum (Groves, 1986), Raphanus raphanistrum (Bhatti 2004) and 

Acacia spp (Cronk and Fuller 1995).  

 

2.2.2 Intraspecific variation 

For any given population, there are three original sources of genetic variation; mutation, 

recombination and immigration of genes (Griffiths et al. 1996). Ultimately, however, mutations 

are the initial source of all variation. Immigration cannot provide variation if the entire species 

is homozygous for the same allele, similarly recombination does not produce variation unless 

the alleles are already segregating at different loci. In order for a species to naturalise, it must be 

able to adapt to new and variable environments. There are two types of variation within a 

species which allow it to adapt to changing environments and to invade new ones; phenotypic 

plasticity and genetic differentiation.  

Phenotypic plasticity 

Phenotypic plasticity is the ability of individual genotypes to alter their current growth and 

development in response to changes in environmental factors (Holt 1988). In other words, it is 

the capacity of a single genotype to produce different phenotypes in different environments. For 

example, plants from a single population of weedy Echinochloa crus-galli (barnyard grass) 

produce over 8000 times more biomass under fertilised compared to stressed conditions (Barrett 

1982) suggesting that plants with this genotype could survive and reproduce in a wide range of 

nutrient environments. As a rule, weedy plants are highly plastic and display responses to a 

wide variety of conditions including competition, disturbance and parasitism (Barrett 1982; Holt 

1988; Warwick 1990; Booth et al. 2003; Callaway et al. 2003; Bossdorf et al. 2005). The 

advantages of having plastic traits are they act as buffers against spatial or temporal variability 

in habitat conditions and allow the plant to optimise the use of available resources (Grime et al. 

1986). However, the reliance solely on phenotypic plasticity is though to be highly unlikely to 

provide enough variation for the colonising species to cope with new or changing environments 

(Briggs and Walters 1997).  
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Genetic differentiation 

Genetic differentiation refers to DNA-based differences among individuals (Bazzaz 1996) and 

can occur at both the intra- and interpopulation level. The amount and organisation of genetic 

variation within weed populations largely determines their capacity to respond to local selection 

pressures imposed by the physical and biotic environment (Barrett 1992). However, high 

phenotypic variation in the field does not necessary reflect a high level of genetic diversity. A 

study of two annual wild oat species, Avena barbata and A. fatua found that A. barbata is less 

genetically variable but exhibits greater overall phenotypic variation than A. fatua, relying more 

on phenotypic plasticity than genetic diversity to adapt to heterogeneous environments (Barrett 

1982). Also large amounts of genetic variation are not essential for successful invasion. Bromus 

tectorum has naturalised in a wide range of heterogenous environments, despite low levels of 

genetic variation, and is now a widespread weed (Meyer and Allen 1999). Usually, the genetic 

variation in colonising species is arranged in an ecotypic fashion, so that in different 

environments natural selection results in distinct genotypes adapted to that particular 

environment.  

Ecotypic formation 

Ecotypes are groups of plants within a species adapted genetically to a particular habitat but 

able to cross freely with other ecotypes of the same species. Through significant research in the 

1920s, Turesson was able to distinguish three distinct groups of ecotypes; edaphic, climatic and 

biotic, where the most important environmental influences are soil type, climate and the 

activities of living organisms respectively (Briggs and Walters 1997).  Ecotypes have been 

shown to exist for hundreds of species. There is evidence that ecotypes occur not only in 

inbreeding species (Warwick and Black 1985; Griffith et al. 2004) but also in species that are 

predominantly outbreeding (Dunbabin and Cocks 1999), although this is rarer as high rates of 

gene flow constrain adaptations to local conditions (Sakai et al. 2001). Many exotic species 

have evolved distinct ecotypes in southern Australia (Table 3). Ecotypic differentiation is a 

feature of successful invasive species (Holm et al. 1977), as it enables the widespread 

adaptation to heterogenous environments, although there are exceptions such as Xanthium 

spinosum (Brown and Marshall 1981). It has been argued that the term ‘ecotype’ is largely 

outdated and should be replaced with ‘ecocline’ as most environmental factors, such as rainfall 

and temperature, vary in a continuous rather than discontinuous pattern. The appearance of an 

ecotype or ecocline depends largely on sampling methodology where widely spaced samples 

taken from extreme habitats generally exhibit distinct ecotypes, whereas samples taken from 

regular environmental gradients may give a pattern of clinal variation (Briggs and Walters 

1997). Throughout this thesis, the term used to describe genetic differentiation between 

populations was chosen according to terminology used within individual studies.  
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Table 3  Ecotypic formation of various introduced species in southern Australia 
 

Species Trait Environmental variable Reference 

Arctotheca calendula Seed dormancy Rainfall (Dunbabin and Cocks 1999) 

Arctotheca calendula Flowering time Length of growing season (Dunbabin 2001) 

Echium plantagineum Flowering time Photoperiod (Wood and Degabriele 1985) 

Lolium rigidum Spike emergence Latitude (Gill et al. 1996) 

Medicago minima Plant weight Rainfall (Fedorenko 2000) 

Poa annua Flowering time Photoperiod (Heide 2001) 

Raphanus raphanistrum Flowering time Length of growing season (Bhatti 2004) 

Trifolium subterranean Flowering time Length of growing season (Cocks and Philips 1979) 

Trifolium tomentosum Flowering time Latitude (Bennett 1997) 

Vicia sativa Seed dormancy Rainfall (Street 1999) 

Vigna vexillate Flowering time Photoperiod (Grant et al. 2003) 

 

Measurement of genetic variation 

Studies of genetic variation in weeds are divided into two types: a) those based on ecological 

genetic or genecological studies, which normally measure adaptive life history variation in 

response to direct selection pressure; and b) those based on isozyme or DNA studies which 

measure genetic variation in the absence of direct selection (Warwick 1990). Life-history 

studies typically use a ‘common garden experiment’ to determine genetic variation and involve 

growing different populations under the same environment. It is important that a random sample 

of plants be collected so that it is representative of the available genetic diversity within each 

population (Briggs and Walters 1997). If populations remain dissimilar under the same 

conditions, this would indicate that the populations differ genetically in response to some 

selection pressure (Table 3). Whereas populations that were different under natural conditions 

but uniform under the same conditions would be responding to environmental factors by 

phenotypic plasticity. Typical life history traits measured include days to flowering, seed 

weight, plant size and biomass, node of first head and seed dormancy (Price et al. 1984; 

Makowski 1987; Holt 1994; Bennett 1997; Bennett 1999; Dunbabin and Cocks 1999; 

Bennett 2000; Grant et al. 2003). 

Isozyme studies provide an estimate of genetic variation within a species through the use of 

electrophoretic surveys of protein and enzyme variation. If the different enzyme variants are 
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encoded by different alleles at a locus, they are called allozymes whereas when more than one 

locus is involved, they are called isozymes (Briggs and Walters 1997). Since their discovery in 

1957, isozymes have been used to study genetic variation in hundreds of plant and animal 

species (Hamrick and Godt 1990) and studies have shown that levels of genetic diversity in 

Australian weedy species ranges from very low levels, with only one to a few genotypes (Brown 

and Marshall 1981), to species with extremely high levels of genetic variation (Brown and 

Burdon 1983). However, not all allelic variants are detected by electrophoresis; consequently, 

the amount of genetic variation can be underestimated (Barrett 1982).  

An alternative to studying variation in proteins and enzymes, which are the down-stream 

products of the DNA, is the study of DNA itself. Recent DNA based techniques have been 

developed to detect the presence of specific DNA sequences or combinations of sequences that 

uniquely identify a plant. These DNA based methods include RFLP (Restriction Fragment 

Length Polymorphism), RAPD (Random Amplified Polymorphic DNA), SSRs (Simple 

Sequences Repeats) or microsatellites, and AFLP (Amplified Fragment Length Polymorphism) 

(Henry 1997) and have been used to study genetic variation in many colonising species (e.g. 

Rowe et al. 1997; Suh et al. 1997; Meikle et al. 1999; Bossdorf et al. 2005; Shan et al. 2005). 

The advantage of DNA methods over protein or enzyme markers is evident in species with very 

little protein polymorphism (Mitton 1994).  

Effect of measurement choice on genetic variation 

The type of measurement employed notably affects the amount and pattern of genetic variation 

produced. The majority of life history traits expressed in plants are adaptive and therefore acted 

upon by natural selection (Barrett 1982) whereas in contrast, molecular DNA and isozyme 

studies provide an estimation of genotypic diversity in the absence of direct selection pressure 

(Mitton 1994). In general, molecular studies reveal less genetic diversity than life history studies 

(Dong et al. 2001). Where studies of quantitative characters (e.g. time to flowering, plant height 

and seed production) have been conducted in weed species with little isozyme or molecular 

variation, considerable inter- and intrapopulation genetic variation for life history traits has been 

found (Moran et al. 1981; Warwick and Black 1985; Warwick 1990; Holt 1994; Ransom et al. 

1998). The frequent differences in patterns of genetic variation exhibited by molecular markers 

and life history traits are a reflection of the difference in forces controlling these traits.  

DNA and allozyme variation does not appear to reflect adaptations to local environments or 

provide any illustration of the adaptive diversity of the plant and is more likely to reflect genetic 

drift effects, gene flow events and the effective mating system (Hurka 1990). Allozyme and 

DNA studies are good predictors of overall genetic variability and can provide an indication of 

the amount of variation lost during a colonisation bottleneck or provide evidence for multiple 

population sources (Sakai et al. 2001). Therefore it is more relevant when studying adaptation 



Chapter 2  Literature Review 
 

19 

of plant species to selection pressures and different environments, that life history studies should 

be used. Ultimately, a combination of common garden and molecular marker studies are 

required to fully understand evolutionary change in an invasive species. Common garden 

studies can be used to test whether phenotypic differences observed between populations have a 

genetic basis, and molecular studies give an indication of the roles that drift versus adaptive 

evolution have played in creating this difference (Bossdorf et al. 2005).  

2.2.3 Factors that influence genetic variation 

At any given time there are many factors that affect the genetic structure and distribution of 

variation in a population. These include factors that regulate recombination, such as breeding 

mechanism, dispersal system, chromosome number, pollination mechanism, frequency of 

crossing over and fertility barriers (Briggs and Walters 1997). Additionally, ecological and 

historical factors such as genetic drift, founder effects and the stability of the environment also 

influence the genetic variation of any population (Barrett 1982). All these factors play a role in 

determining genetic composition of populations and the ability to form ecotypes through 

population differentiation. However, only the more important factors relevant to this thesis are 

explored here.  

Reproductive system 

Plant breeding systems have a major effect on the genetic structure and organisation of variation 

within and between populations and indeed it may be the most important influence (Warwick 

1990). Inbreeding, either from autogamy or restricted gene flow, increases correlations between 

uniting gametes and reduces genetic gains from recombination (Loveless and Hamrick 1984), 

therefore plants within a population are more likely to have homozygous alleles and genotypes 

adapted to a specific environment. In turn, the potential for genetic differentiation between 

populations from different environments is increased. Thus inbreeding species tend to be more 

genetically diverse between populations, but show less genetic differentiation within 

populations, than outcrossing species (Hamrick and Godt, 1996). This has been found in many 

studies using quantitative traits that are expressed phenotypically (Holt 1994; Charlesworth and 

Charlesworth 1995; Griffith et al. 2004) as well as qualitative traits measured by allelic 

diversity (Linhart and Grant 1996; Stewart et al. 1996; Hagen and Hamrick 1998; Tang et al. 

2003). A review of 37 quantitative plant population studies found that genetic variances for 

highly selfing populations are one-third to one-fifth of the values for complete outcrossers 

(Charlesworth and Charlesworth 1995). Isozyme studies of 449 plant species found no 

difference in genetic variation (Hamrick and Godt 1990), whereas a survey of 110 species found 

overall levels of genetic variation was higher in outbreeders than inbreeders (Barrett 1982). The 

amount of genetic variation may have been underestimated in the first isozyme study as not all 

allelic variants are detected by electrophoresis. Nonetheless, the important factor in this review 
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is that, in comparison to outbreeders, inbreeders tend to have more genetic differentiation 

between populations than within, regardless of measurement type used. In general, colonising 

species are predominately inbreeding with the ability to occasionally outcross, although there 

are exceptions (Section 2.2.1). Thus the degree of inbreeding within a species will largely 

determine the extent of differentiation that can occur between populations.  

There are exceptions to this pattern demonstrating that, in some cases, breeding system may not 

be the most important influence on variation of colonising species. In a quantitative study of 

Trifolium nigrescens, a predominantly outcrossing species, greater genetic variation occurs 

between populations than within (Bennett and Galway 2002) and in the outcrossing Nassella 

pulchra population differentiation was detected using RAPDs (Dyer and Rice 1997). This could 

be due to restricted gene flow, genetic drift where populations have become isolated or high 

environmental heterogeneity, which would result in genetically distinct populations adapted to 

particular environments (see Section 2.2.3). Due to the complex forces acting on genetic 

variation it is difficult to distinguish the relative importance of individual factors. Also, genetic 

variation is much higher in Avena fatua than A. barabata, both of which are inbreeding species 

(Hamrick et al. 1979), indicating that other factors also influence genetic variation.   

 

Gene flow: pollen and seed dispersal 

The movement of genes among or within populations has a substantial influence on the 

distribution of genetic variation. Species with restricted gene movement exhibit greater genetic 

differentiation between populations than species with widely dispersed pollen and seeds. 

Furthermore, species with either pollen or seeds subject to dispersal at scales greater than 1 km 

further reduce the potential for differentiation between populations by production of wide-

spread homogenous populations (Linhart and Grant 1996). Typically, inbreeding species have 

limited pollen flow between plants compared with outbreeding species and thus are more 

genetically diverse between populations, but show less genetic differentiation within 

populations, than outcrossing species. However, the type of pollen dispersal affects the amount 

of gene flow between plants and populations within a species. For inbreeders with the ability to 

occasionally outcross, typical of colonisers (Section 2.2.1), pollen dispersed by abiotic vectors 

(e.g. wind) causes higher total genetic diversity and less population differentiation than pollen 

dispersed by biotic vectors (e.g. bees) (Hamrick and Godt 1990). This is most likely because 

abiotic vectors are able to transport pollen further than biotic vectors. There are no population or 

species genetic variation differences between the two pollen dispersal mechanisms for 

outbreeders.  



Chapter 2  Literature Review 
 

21 

Seeds can be dispersed by gravity, explosive mechanisms, abiotic vectors such as wind or 

through biotic vectors either by attachment or ingestion. The potential for gene flow varies 

greatly with each different seed dispersal mode. Both wind and vertebrates can potentially carry 

seeds far from the parent plant increasing gene flow between populations whereas ballistic and 

gravity mechanisms typically generate short distributions (Willson and Traveset 2000) and are 

less likely to create gene flow between distant populations. Using isozyme data from 1491 plant 

studies, Hamrick and Godt (1996) found that for both selfing and outcrossing species, dispersal 

by animals results in higher overall genetic diversity and a lower proportion of variation 

between populations than gravity or wind dispersed seeds. Seed dispersal by animal attachment 

or ingestion produce higher rates of gene flow than gravity dispersal, although seeds that have 

evolved with specific winged or plumose components have the highest gene flow overall 

(Hamrick 1990). Thus, animal mediated transfer, either by ingestion or attachment, can have a 

substantial influence on the structure and patterns of genetic variation within a species by 

causing high gene flow between populations. Echium plantagineum, an invasive species with 

large amounts of genetic variation and higher proportions of variation within populations than 

between (Brown and Burdon 1983), is dispersed by sheep grazing (Piggin 1978) and has 

become a widespread weed of Australia. There is a possibility that livestock and birds may 

influence the genetic variation of M. parviflora populations as viable seeds are able to survive 

digestion (Section 2.7.1) and may therefore be dispersed by these animals.  

Availability of genetic variation: effect of genetic bottlenecks 

A newly established population is likely to be much less genetically diverse than the population 

from which it is derived (Sakai et al. 2001), as a small sample of individuals is unlikely to 

contain all of the variation present in the source population. This is known as a genetic 

bottleneck and can occur by genetic drift or founder effect. Genetic drift takes place when a 

single or a small group of populations are isolated from the main population, whereas the 

founder effect is when a small group breaks off from a larger population to form a new colony 

in another region (Griffiths et al. 1996).  

According to Vavilov (1973) each species has a centre of greatest genetic diversity, which is the 

centre of origin for that species. This centre spreads out to other less diverse areas, and the 

geographical distribution is successive. Variation within a population is generally greater when 

that population is collected from its preferred habitat and environment (Bennett and Galway 

2002) such as the species centre of origin. Many quantitative and qualitative studies comparing 

genetic diversity of colonising species in Australia with their source populations from the centre 

of origin have revealed the presence of genetic bottlenecks, for example Avena barbata, Bromus 

hordeaceus (Brown and Marshall 1981) and Emex spinosa (Marshall and Weiss 1982). 

Quantitative studies indicate that there is greater genetic variation in Trifolium tomentosum 

populations from Syria than Western Australia (Bennett, 1999). Echinochloa microstachya 
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populations from Australia have much lower isozyme variation and no interpopulation genetic 

differentiation in comparison to North American populations, which have a high degree of 

interpopulation genetic differentiation (Barrett and Shore 1990). Climatic differences between 

the two regions may also affect genetic diversity of colonising and source populations. 

Conversely, in a recent review of 13 molecular studies Bossdorf et al. (2005) found that genetic 

diversity of introduced populations is not consistently different from that of native populations 

suggesting that plant invasions are not as frequently associated with overall genetic bottlenecks 

as initially expected. Furthermore, Australian populations of Echium plantagineum (Brown and 

Burdon 1983) and Trifolium subterraneaum (Brown and Marshall 1981) do not exhibit lower 

isozyme genetic variation relative to populations from the centre of origin. This may be due to a 

high amount of variability in the founding population, multiple introductions or a change in the 

reproductive strategy of the colonists. Colonisation events may be associated with mating 

system shifts, with colonisers having higher levels of selfing than source populations (Barrett 

1992). This can complicate attempts to determine the influence of historical factors on the 

patterns of genetic variation in source and colonial populations (Barrett and Shore 1990).  

Reduced genetic diversity caused by genetic bottlenecks may limit the ability of the colonising 

population to evolve and adapt to new environments (Sakai et al. 2001). This means that 

ecotypic differentiation, as a means of adaption, is also restricted, so for example there is some 

differentiation between Australian populations of Bromus mollis but the level of differentiation 

is only one third of that observed between populations in the region of its source (Brown and 

Marshall 1981). However, introduced weeds that become naturalised typically originate from an 

area with a similar climate (Turner 1988), thus although variation might be limited due to a 

genetic bottleneck, populations have genotypes already adapted to aspects of the invaded 

environment. For example, many weedy species in southern Australia have originated from the 

Mediterranean region and were already adapted to summer drought typical of Mediterranean-

type climates (Sheppard 2000).  

Environmental heterogeneity 

Historical factors, the specific life history and reproductive characteristics of colonisers play 

important roles in determining patterns of genetic diversity within and among populations but 

the nature of the physical and biotic environment that a colonist occupies will ultimately 

determine the maintenance and adaptive significance of this variation (Barrett and Shore 1990). 

Different environments generate different selection pressures, and these in turn lead to genetic 

heterogeneity or diversity (Linhart and Grant 1996) and encourage the formation of ecotypes. 

Flowering time is generally acknowledged as the main single trait affecting adaption of 

genotypes and populations (Pecetti and Piano 2002) as flowering at the optimal time is crucial 

for survival of an annual plant. Thus extreme selection pressure is imposed by the environment 

against individuals which flower outside this optimal period, generating large differences 
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between populations in different environments. Other traits such as seed dormancy and plant 

size (Table 3) are also likely to have strong selection pressures imposed by different 

environment factors such as moisture availability, temperature and soil type (Barrett and Shore 

1990). Western Australian ecotypes of Arctotheca calendula differ in seed dormancy strategies 

with deeper dormancy occurring in ‘risky’ environments with unreliable rainfall patterns 

(Dunbabin and Cocks 1999). Agricultural practices such as cultivation (Neuffer and Meyer-

Walf 1996) and herbicide application (Gill et al. 1996)  can also impose strong selection 

pressures on populations (Linhart and Grant 1996) and lead to the development of ecotypes.  

Theoretical studies have suggested a positive relationship between the levels of genetic variation 

in populations and the degree of environmental heterogeneity (Warwick 1990). Agricultural 

weedy habitats are generally considered less heterogeneous because of their simple structure 

and relatively low biotic diversity and the high level of predictability associated with land use 

patterns (Warwick 1990). As a result, limited genetic variation is expected in agricultural weedy 

species (Hamrick et al. 1979), although there are exceptions (Brown and Burdon 1983).  

2.2.4 Understanding genetic variation: management implications for weedy species 

Study of genetic variation within a species is important since the amount, kind and organisation 

of genetic diversity in populations will largely determine their capacity to respond to the local 

selection pressures imposed by the physical and biotic environment (Barrett 1992). In particular, 

understanding genetic diversity of weedy species is of vital importance as genetic structure of 

populations affects the efficacy of control of invasives. Biological control is thought to be 

favoured by limited amounts of genetic variation in weed populations as greater genetic 

variation allows more rapid adaptive evolution and escape from the biological control agent 

(Sakai et al. 2001). This impact of limited diversity has been demonstrated for crop species, 

which are bred to be genetically uniform, such as potatoes which were obliterated by 

Phytophthora infestans during the Irish famine (Ristaino 2002). As a group, weeds tend to be 

less genetically diverse than other groups of plants (Warwick 1990), although allozyme studies 

have shown that levels of genetic diversity in Australian weedy species ranges from very low 

levels of one to a few genotypes (Brown and Marshall 1981), to species with extremely high 

levels of genetic variation (Brown and Burdon 1983). Chondrilla juncea, represented by only 

three genotypes in Australia (Barrett 1992), has been successfully controlled by the Puccina rust 

fungus (Briese 2000). Yet Echium plantagineum, which has a very high genetic diversity and 

thus many genotypes (Brown and Burdon 1983), required the release of six biocontrol agents in 

Australia (Briese 2000) demonstrating that biocontrol of highly diverse weedy species is not 

impossible, although more agents are required to deal with the different ecotypes. BioMal® 

(Colletotrichum gloeosporioides f. sp. malvae) is effective in controlling weedy Malva pusilla 

throughout Canada (Makowski and Mortensen 1998) (see Section 2.7.2) and thus a similar 
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strategy could be developed for control of M. parviflora. Typically, potential control agents are 

found in the native range of the weed as the agent is already adapted to attack that particular 

weed (Briese 2000). However, the first step in biocontrol is to study the biology and ecology of 

the weed in its introduced range. Therefore an understanding of genetic variation and its 

structure within an invasive species is essential for the development and implementation of 

successful weed management strategies such as biocontrol.  

2.2.5 Population variation in Malva 

Little is known of genetic variation within Malva species. Research on an Egyptian M. 

parviflora population using bulk DNA found uniformity in chromosome number (2n = 42), no 

polyploidy and an absence of variation in the amount of nuclear DNA (Bidak and Brandham 

1995). This indicates little genetic variation at a gross level of analysis; however there have 

been no molecular genetic or phenotypic studies. DNA variation is likely to be lower than life 

history variation due to selection differences (see Section 2.2.2). Thus it is important that life 

history studies of Malva parviflora populations should be carried out to determine the 

adaptation of this weedy species to Australia. Malva species are thought to be inbreeding with 

some evidence that occasional outcrossing is possible (see Section 2.3.1). This suggests that M. 

parviflora is likely to have low heterozygosity with higher proportions of genetic variation 

between populations than within populations, although other factors besides breeding system 

influence the pattern and amounts of genetic variation, such as founder effects and genetic drift. 

Nonetheless, it is highly likely that, due to its breeding system and weedy nature, M. parviflora 

has adapted to the Western Australian wheatbelt and established ecotypes.   

 
 
 
2.3  MALVA SEED LIFE-CYCLE 

2.3.1 Sexual reproduction 

Flowering plants can reproduce in two ways: sexually by means of seeds, or asexually by means 

of vegetative organs. The advantages of reproduction by seeds is that they are produced in large 

numbers, survive adverse conditions not usually tolerated by a vegetatively produced offspring 

and each seed is genetically unique, a result of segregation and crossing over between 

chromosomes during meiosis and the random combination of gametes at fertilisation (Fenner 

1985). The end result is offspring with greater variation and a better chance for selection and 

survival in changing or new environments.  

Floral biology 
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Many flowers, including species from the Malva genus, contain both male and female organs. 

The male part of the flower, the stamen, consists of pollen-producing anther sacs supported by a 

filament. The female part of the flower, the pistil, consists of the stigma (receptive part), style 

and ovary containing the ovules. There is little information on the floral biology of M. 

parviflora except in taxonomic descriptions, which include characters such as petal and calyx 

length (Table 2). Malva parviflora flowers have 5 pale pink petals and between 8 and 12 

mericarps are produced in the fruit, called a schizocarp (Moerkerk and Barnett 1998).   

The pollen of Malvaceae is spherical, porate and echinate, with a thick inner wall (endexine) 

(Culhane and Blackmore 1988). Typically, each ovule consists of the multicellular embryo sac 

surrounded first by a nucellus, and then the integuments and the funiculus, which connects the 

ovule to the placenta of the ovary (Chevalier et al. 2002). Ovules contain a micropyle, which is 

the gap between the two integuments that allows the pollen tube to enter. The region opposite 

the micropyle is called the chalaza. Ovules vary greatly in both structure and in the position of 

the funiculus. The most common ovule forms are orthotropous, anatropous, amphitropous and 

campylotropous forms (Figure 1).  

Seeds of the Malvaceae family consist of two tribes that are defined by their ovule form (Corner 

1976ab); the Hibisceae (Abelmoschus, Gossypium, Hibiscus, Thespesia) and the Malveae 

(Abutilon, Althaea, Callirhoe, Lavatera, Malachra, Malva, Malvaviscus, Modiola, Pavonia, 

Sida, Sidalcea). The Hibisceae group has anatropous ovules and the Malveae group has 

campylotropous ovules. Anatropous seeds have regular enlargement and differentiation of the 

ovule. Integuments cover the embryo except for a small part of the chalazal end where they are 

attached to the placenta (Corner 1976b). During development, there is greater growth on one 

surface of the funiculus so that the micropyle and base of the funiculus are adjacent and parallel 

(Bold 1973). Campylotropous ovules are similar to anatrophic ovules except the funiculus is 

attached near the equator of the ovule body (Bold 1973) and the seed becomes curved (Corner 

1976b). As Malva parviflora is found in the Malveae tribe it should possess campylotropous 

ovules.  

 

Figure 1  Common ovules forms in median longitudinal section (Bold 1973) 

A - Orthotropous, B – Anatropous, C – Amphitropous and D – Campylotropous  
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           A                    B                  C           D 

 

Although there have been no studies on ovule structure in M. parviflora, ovule development of 

Malva sylvestris, focusing on the integuments (beginning of the seed coat), has been 

investigated (Kumar and Singh 1991). The ovary is multicarpellary with one bitegmic (two 

tegmen (inner integument) layers) campylotropous ovule in each chamber. The integuments are 

initiated simultaneously. The outer integument (testa) is initially 3-layered then becomes 2-

layered as the middle layer degenerates. The outer integument grows faster than the inner one, 

thus producing a zigzagged micropyle in a fully formed ovule.  

Malvaceae pollination 

The transferral of pollen grains to the receptive surface of the stigma is part of the process 

known as pollination, and may be a result of pollination agents such as wind, water, insects or 

higher animals. However, in self-pollinated flowers such agents are not required. The stigma 

and anther may be in direct contact or the anther can be above the stigma and gravity causes 

pollen to drop directly onto the stigma (Bold 1973). Most species are cross-pollinating, however 

the adoption of self-pollination is said to be one of the most common trends in the evolutionary 

history of angiosperms (Schoen et al. 1996). According to Lloyd and Schoen (1992), there are 

three modes of self-pollination or autogamy. Prior self-pollination occurs when anthers dehisce 

and stigmas are receptive before flower opening and the two pollinating surfaces are positioned 

and orientated so that there is contact between them in unopened buds. Competing self-

pollination occurs during the same time as cross-pollination (allogamy) when the anthers and 

stigma are receptive at flower opening and not before. Delayed self-pollination occurs when 

movement of the flower parts at the end of flower opening leads to pollen-stigma contact and 

fertilisation of previously unfertilised ovules. Self-pollinating flowers that do not open at all to 

accept cross-pollen are known as cleistogamous flowers (Lloyd and Schoen 1992).  

Little is known of the pollination biology of Malva. Kristofferson (1923) observed that M. 

parviflora anthers are open in the bud, and suggested that pollination and fertilisation may have 

already occurred before flowers open. This indicates that Malva flowers may be autogamous 

with prior self-fertilisation. Other species in this genus, such as M. pusilla (syn. M. rotundifolia) 
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also said to be self-pollinating (Meehan 1893; Makowski and Morrison 1989) with flowers open 

only for 1 to 2 days (Pyasyatskene 1978), limiting opportunities for cross-pollination. Bees visit 

M. moschata and M. sylvestris flowers at regular intervals from dawn to dusk (Comba et al. 

1999), although no observations were made as to whether anthers had dehisced before flower 

opening. These references are merely observations and no detailed experiment determining 

pollination type of Malva has been found during literature searches.  

Natural outcrossing within similar self-fertilising Malvaceae species has been demonstrated.  

When a Chinese population of Abutilon theophrasti with a high degree of purple pigmentation 

was placed 30cm from Canadian A. theophrasti plants, 3% of progeny were shown to be hybrids 

(Anderson 1988). This indicates that some outcrossing occurs, most likely through the action of 

insect vectors as A. theophrasti pollen is sticky, and so dispersal by wind is unlikely. Yet it has 

been observed that the stigma is receptive and pollen is released 1 to 2 days before flower 

opening (Anderson 1988) suggesting prior self-pollination occurs, severely limiting the 

potential for outcrossing. Many studies have found natural outcrossing within Gossypium 

(cotton) (Afzal and Khan 1950a; Afzal and Khan 1950b; Meredith and Bridge 1973; Simpson 

and Duncan 1956; Xanthopoulos and Kechagia 2000) with outcrossing ranging from 2% to 

50%, although it is unknown what pollination mechanism occurs in Gossypium. Hibiscus laevis 

possesses delayed self-pollination (Klips and Snow 1997), which allows outcrossing to occur 

but ensures seed are set in the event that pollen vectors are absent.  

During pollination, the pollen grain germinates on the stigma and produces a pollen tube which 

grows down the style, penetrates the micropyle and releases two sperm nuclei into the embryo 

sac (Bryant 1985). Self pollen tubes of Hibiscus mosceutos grow slower than cross pollen tubes 

in some crosses but faster in others (Snow and Spira 1991). Pollen source of the delayed self-

pollinating Hibiscus mosceutos has no effect, with every pollinated flower initiating a fruit 

(Snow and Spira 1991). For Gossypium (Afzal and Khan 1950b), Hibiscus mosceutos and H. 

laevis, (Klips 1999) self pollen was more effective in the fertilisation of ovules than foreign 

pollen.  

The pollination mechanism of Malva parviflora has not been studied and thus needs to be 

investigated and defined. Previous observations indicate it is likely to have prior and not 

delayed or competing autogamy thus limiting the potential for outcrossing. Generally many self-

pollinating Malvaceae species have the capacity for some outcrossing to occur. It seems that 

Malva spp have evolved to depend primarily on self-fertilisation as their main source of 

reproduction. This is an important characteristic of weedy species (Baker and Stebbins 1965; 

Baker 1974) and many Malva species have become widespread weeds (Ray 1995).  

Malvaceae fertilisation 
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Double fertilisation takes place when a one sperm nucleus fuses with the egg cell and the other 

nucleus with the two polar nuclei (Bryant 1985). The fertilised ovule then undergoes many 

changes as it develops into a seed. In the seed four components arise; i) the embryo, which 

results from the fertilisation of the egg cell by one sperm nucleus; ii) the endosperm, which is a 

tissue that arises from the union of the remaining sperm nucleus and the two maternal polar 

nuclei, iii) the perisperm, created from the nucellus; and iv) the seed coat or testa, which is 

derived from the integuments of the ovule (Bryant 1985). Seed development proceeds rapidly 

after pollination in Abutilon theophrasti (Winter 1960a). The embryo consists of 2-5 cells one 

day after flower opening suggesting fertilisation occurs within 24 hours of flower opening, 

although pollen may have been shed before flower opening as in Malva (Kristofferson 1926). 

The pollen tube of Gossypium enters the ovule 15 to 20 hours after pollination, and fertilisation 

is complete in 24 to 30 hours (Gore 1932) for one variety of cotton and between 36 to 40 hours 

in a different variety (Balls, 1905). It is therefore likely that fertilisation in M. parviflora may 

also occur quickly.  

2.3.2 Seed development 

The development from a fertilised ovule to a mature seed capable of producing a new 

independent plant consists of many different processes distinguished by four main stages; 1) 

embryo growth and differentiation; 2) maturation, during which the embryo reaches its maximal 

size and most of the storage materials are accumulated; 3) desiccation, or drying of the seed; 

and 4) quiescence, where seeds become metabolically inactive (Mayer and Poljakoff-Mayber 

1989).  

Seed growth and maturation in Malvaceae 

Development and structure of the Malva seed, focusing on the seed coat and changes to the 

integuments, has been studied in M. sylvestris (Kumar and Singh, 1991). The cells of the 

outermost layer of the outer integument enlarge, lose contents and gradually flatten horizontally. 

The cells of the innermost layer of the outer integument also lose contents and elongate 

tangentially. However, the inner integument expands and grows from three layers to five layers. 

The outermost layer of the inner integument gradually becomes thick and hard and forms an 

impermeable palisade layer. The cells of the innermost layer of the inner integument 

(exotegmen) remain small, become pigmented and develop thick-walls. In the cell layers in-

between, the layer closest to the palisade cells become pigmented and tanniferous, whereas the 

other two layers are partially absorbed and produce parenchymatous cells. Only developmental 

characteristics of the seed coat are mentioned in this research, with no indication of maturation 

time. The rate of dry matter accumulation in Gossypium follows a sigmoidal pattern, peaking at 

around 33 days, and is inversely correlated with water content of the seed (Rabadia et al. 1999).  
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Physiological maturity is defined as the time when seeds attain maximum dry weight, which 

usually corresponds with maximum germination and desiccation tolerance (Bewley and Black 

1994). Seed maturation of M. pusilla occurs within 16 to 18 days after flowering (Abdullaeva 

1966) although mericarps do not mature uniformly within a schizocarp (Pyasyatskene 1978). 

Seed maturation of Abutilon theophrasti occurs 19 days after flowering (Winter 1960a). The 

time required from flower opening to mature seeds of Gossypium is 38 (Winter 1960a) to 46 

days (Rabadia et al. 1999), noticeably longer than Abutilon and M. pusilla. This difference may 

be due to Gossypium having a different ovule form to both Abutilon and Malva (Corner 1976b). 

Comparison of Malva seeds with Abutilon or other Malvaceae species with a campylotropous 

ovule (Malveae tribe) is likely to be more applicable than comparisons with Gossypium or other 

anatropous ovule species (Hibisceae tribe). Based on data for M. pusilla and A. theophrasti, it is 

expected that development of mature M. parviflora seeds would occur very rapidly (2 to 3 

weeks after flowering), a characteristic common in weedy species. 

Germination during seed development 

Maturation is not an essential process for the acquisition of germinability, as isolated seeds will 

germinate from an early stage of development if placed on a nutrient medium (Bewley and 

Black 1994). Germination of immature seeds is highly variable, ranging from 80% in Sida 

spinosa (Malvaceae) (Egley 1976) to 33% in Vicia sativa (Samarah et al. 2004) and 0% in 

Peltophorum pterocarpum (Mai-Hong et al. 2003). Within Malvaceae species, germination of 

immature seeds is also variable. Immature, light-coloured M. pusilla seeds are able to germinate 

readily, and if shed, emerge within the same growing season (Makowski 1987). Most immature 

light brown M. pusilla seeds (75%) germinate (Budzinsky 1987), whilst immature seeds of 

Kosteletzkya virginica (Malvaceae) (Poljakoff-Mayber et al. 1992) and Gossypium (Simpson 

1940) had very low germination percentage. The seed development stage has a strong influence 

on germinability, with germination increasing as seeds mature, however seed age is not stated in 

the above studies. Many species acquire germination ability only when the seed switches from a 

developmental to a germinative mode during maturation drying (Li et al. 1999). 

Developing seeds are a rich source of cytokinins, auxins, gibberellins (GAs) and abscisic acid 

(ABA), thought to play an important role in dormancy and germination regulation (Hilhorst and 

Karssen 1992). In particular, there is now general agreement that ABA is the primary mediator 

of seed dormancy and helps prevent precocious germination, or germination on the mother plant 

(Gubler et al. 2005). Typically, ABA content rises during the first half of development, and then 

declines during later maturation and drying (Hilhorst 1995). Both synthesis of, and 

responsiveness to, these hormones are controlled by natural environmental factors experienced 

during seed development, which in turn influence seed germination (Hilhorst and Karssen 

1992). Many studies have shown that factors experienced during development such as 

temperature (Argel and Humphreys 1983a; Argel and Humphreys 1983b; Steadman et al. 2004), 
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nutrient (Wulff and Bazzaz 1992; Sharif-Zedeh and Murdoch 2000), water (Goldbach and 

Michael 1976; Haeder and Beringer 1981; Benech-Arnold et al. 1991) and light (Minur et al. 

2001) availability, all affect the germinability of seeds; and barley seeds grown at 26oC during 

development have an earlier peak of ABA followed by a sharper decline than those seeds grown 

at 18oC (Goldbach and Michael 1976). Increased levels of ABA have also been found in seeds 

of plants subjected to water stress such as barley (Goldbach and Goldbach 1977) and wheat 

(Haeder and Beringer 1981). 

Desiccation tolerance 

The acquisition of desiccation tolerance is an essential part of the maturation programme in 

most types of species (Golovina et al. 2001). Desiccation tolerance is defined as the ability of a 

seed to dry to equilibrium with moderately dry air (50-70% relative humidity at 20-30oC) and 

then, upon rehydration, be able to resume normal function (Alpert and Oliver 2002). Seeds are 

not tolerant of drying at every stage during their development and undergo a transition from 

desiccation intolerant to desiccation tolerant at a certain developmental stage (Kermode et al. 

1986). The ability of seeds to tolerate desiccation, or drying, improves gradually during 

development, most likely a result of physiological and morphological changes which take place 

as development progresses (Bewley and Black 1994). Immature seeds are not usually 

desiccation tolerant and no germination occurs in 5 day old Abutilon theophrasti seeds after 

drying (Winter, 1960b). After 5 days, as seeds mature, the testa becomes hard and scarification 

is required for germination to occur. At day 20, around 93% of harvested A. theophrasti seeds 

are hard and, once scarified, able to germinate. The timing of onset of desiccation tolerance for 

developing M. parviflora seeds is unknown but is an important issue with regard to management 

of seed set and depletion of seed banks.  

The rate at which drying occurs during the tolerant phase of development is critical for the 

expression of germinability. Tolerance of slow desiccation (4 – 7 days) in Ricinus communis L. 

seeds is gained over only a few days of development and occurs well before physiological 

maturity, whereas tolerance of rapid desiccation over silica gel is not acquired until the seed is 

near or at physiological maturation (Kermode and Bewley 1985). Whereas slow desiccation 

results in germination of seeds as young as 25 days after flowering (DAF), rapid desiccation is 

fatal to seeds younger than 55 DAF.  

 

2.4   SEED ECOLOGY DYNAMICS 

2.4.1 Seed production 

It is apparent that species from the Malveae tribe of Malvaceae produce many seeds.  

Production of seeds from Abutilon theophrasti ranges from 7000 to 17000 seeds (Winter 1960b; 
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Warwick and Black 1985). Malva pusilla propagates exclusively by seeds (Makowski 1987; 

Makowski and Morrison 1989) and can produce 1647 – 5261 seeds per plant in a pure stand and 

an average of 324 seeds per plant when in competition with wheat (Carlson and Eberlein 1983). 

Pyasyatskene (1978) found that M. pusilla in Lithuania produced 10-11 mericarps per 

schizocarp and an average of 512 schizocarps per plant (approximately 5000 seeds total) when 

grown in row spacing in an orchard. There is no apparent literature on seed production of M. 

parviflora but it is likely to be at similarly high levels.  

2.4.2 Seed longevity and viability 

Seed longevity in the soil depends upon a complex interaction of many factors such as 

dormancy characteristics, genotype, environmental conditions, location of seeds in the soil 

profile and biological interactions (Radosevich et al. 1997). Malva species possess physical 

dormancy (Vaiciuniene and Peseckiene 1978) (Section 2.5.2) and seeds can remain viable for 

many years in soil without germination. Seeds of M. parviflora were discovered in bricks of 

adobe buildings built between 1769 and 1837 in California and New Mexico (Spira and Wagner 

1983). Adobe bricks provide dry insulated conditions with reduced temperature fluctuation and 

microbial activity (Spira and Wagner 1983). Malva parviflora seeds extracted from these bricks 

and placed on agar for 19 days did not germinate although a third of the seeds were viable 

according to tetrazolium staining. However, the seed coat was left unscarified throughout the 

germination period and thus it may have prevented germination. Alternatively, as embryos 

become less vigorous with increasing age (Osborne 1980), there may have been insufficient 

time allowed for germination or they may not have been able to exert sufficient force to crack 

the seed coat. Further information on the longevity of M. parviflora is lacking but viable seeds 

of M. rotundifolia have been unearthed after 100 years (Kivilaan and Bandurski 1981) and 120 

years (Telewski and Zeevaart 2002) of burial in moist aerated soil confirming the extensive 

persistence of species within the Malva genus. This suggests that M. parviflora could potentially 

have seed bank persistence of at least several decades.  

 

2.5   SEED DORMANCY 

2.5.1 Definitions 

Whether or not a viable seed germinates depends on many temporal, spatial and environmental 

factors. If all the requirements for germination of the seed are met, such as light quality, 

temperature, water and oxygen availability (Bewley and Black, 1994), and still the viable seed 

does not germinate we can assume that the seed is dormant. Dormancy can be defined as a block 

within the seed that must be overcome before the germination process can proceed. Harper 

(1959) originally defined dormancy simply as lack of germination. However, Harper failed to 
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take into account that germination will only occur under optimal conditions and did not 

distinguish between internal and external factors that prevent germination (Vleeshouwers et al., 

1995). Seeds with no dormancy such as Rumex crispus (curly dock) may survive long periods in 

soil purely because light and temperature conditions are unfavourable for germination (Baskin 

and Baskin 1995). Harpers classification of dormancy has now been superseded and the 

dormancy definitions described in this thesis are currently widely accepted.   

Types and classes of dormancy 

Classification into primary and secondary dormancy is based on the phase in the lifecycle of a 

seed in which the induction occurs. Primary or innate dormancy prevents germination during 

development and maturation on the mother plant, and usually also for some time after shedding 

or harvesting of the seeds (Karssen, 1980). Abscisic acid (ABA) is intimately involved in the 

regulation of primary dormancy (Hilhorst 1995). Typically ABA accumulation in developing 

seeds is low during the early stages, is greatest during mid-development, and declines as the 

seed undergoes maturation drying (Bewley 1997). When dormancy is relieved and suitable 

conditions are present, seeds germinate. If suitable conditions are not present, and germination 

does not occur, secondary dormancy may develop in some species (Vleeshouwers et al., 1995). 

Secondary dormancy may occur after dispersal or harvest in seeds that are non-dormant at 

dispersal or have emerged partly or fully from primary dormancy. The degree of dormancy in 

both primary and secondary dormant seeds is variable. In a full or truly dormant state, viable 

seeds are not able to germinate under any environmental conditions (Karssen, 1980). Relative or 

conditional dormancy occurs when germination is limited to a certain range of environmental 

conditions. Thus, the release of dormancy is associated with a widening of this range whereas 

induction of dormancy causes a narrowing of the range (Vleeshouwers et al., 1995). Baskin and 

Baskin (2004) have classified seed dormancy into five classes: physiological dormancy, 

morphological dormancy, morphophysiological dormancy, physical dormancy and 

combinational dormancy, and these are now widely accepted.  

Role of dormancy 

It is often implied that the main function of seed dormancy is to prevent germination during 

periods that are unsuitable for germination and establishment. However, the crucial function of 

dormancy is to prevent germination when conditions are suitable for germination but the 

probability of survival and growth of the seedling is low (Vleeshowers et al. 1995; Baskin and 

Baskin 1998; Fenner and Thompson 2005). For example, a characteristic of southern Australia’s 

Mediterranean-type climate, with mild wet winters and hot, dry summers, is the regular 

occurrence of false breaks, a germination inducing rainfall event followed by a period of 

drought. False breaks occur most years (61 – 72%) throughout this region (Chapman and 

Asseng 2001). By avoiding seed germination during these false breaks, few seedlings will 
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perish under the high summer temperatures and drought. Many species adapted to this climate 

have physical dormancy (Quinlivan 1971; Cocks and Philips 1979; Dunbabin and Cocks 1999; 

Norman et al. 2002; Taylor 2004; Turner et al. 2005). 

2.5.2 Physical dormancy 

In many seeds, dormancy is imposed by coats or layers over the embryo such as endosperm, 

testa or pericarp. Seed dormancy caused by a water-impermeable layer is called physical 

dormancy and it develops during late maturation and drying of the seed or fruit (Baskin et al. 

2000). Water uptake is prevented in seeds with physical dormancy causing them to remain 

dormant until some factor(s) render the covering layer(s) permeable to water. These seeds can 

also be described as ‘hardseeded’, a definition used interchangeably with physical dormancy 

throughout this thesis. Physical dormancy occurs in 15 families of angiosperms, 14 of which are 

eudicots and one a commeliniod monocot (Baskin et al. 2000). Once physical dormancy is 

broken seeds either germinate or rot (Baskin and Baskin 1998), unless physiological dormancy 

is also present (combinational dormancy).  

Generally, physical dormancy develops during late maturation and drying of the seed, with 

impermeability initiated at seed moisture contents ranging from 15 (Mai-Hong et al. 2003) to 

54% (Cabrera et al. 1995). The amount of water lost from seeds during drying is dependent on 

the relative humidity during the time of drying, with lower relative humidity causing water 

stress and greater seed drying (Baskin and Baskin 1998). Thus, the rate and degree of 

development of seed coat impermeability are controlled by atmospheric moisture (Quinlivan 

1971), however other factors such as stage of seed development when drying starts (Aitken 

1939) and genetics (Fenner and Thompson 2005) also determines the proportion of seeds within 

a population that develop impermeable seed coats.  

Seed coat anatomy in  the Malveae tribe  

In Malvaceae seeds, the tissue responsible for mechanical resistance develops from the 

exotegmen, which is the outer epidermis of the inner integument (Corner 1976b) (Figure 2). In 

the Malveae tribe of Malvaceae, including Malva parviflora (Kumar and Singh 1991) and 

Abutilon theophrasti (Winter 1960b), this mechanical resistance is due to the formation of 

exotegmic palisade cells with angular, isodiametric or shortly oblong facets (Corner 1976b). At 

maturity these account for more than half the thickness of the seed coat (Winter 1960b). The 

integuments grow rapidly during the first three days after fertilisation and within seven days the 

exotegmen becomes thick-walled.  

In the chalazal region of the exotegmen, the palisade layer is discontinuous and its shape differs 

between the Malveae and Hibisceae tribes of Malvaceae. The chalazal region is the area 

opposite the micropyle where the funiculus is attached. For example, Malveae (campylotropous) 
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species including Abutilon theophrasti (Winter 1960b), Sida rhombifolia (Seal and Gupta 2000) 

and Abelmoschus esculentus (Serrato-Valenti et al. 1992) all have a slit-shaped discontinuous 

region, whereas the Hibisceae (anatropous) species Gossypium has a small, round, pore shaped 

chalazal discontinuity (Simpson 1940). The cells underlying the palisade layer in the chalazal 

region differ from the pigmented parenchyma found elsewhere. It is thought that the breakdown 

in dormancy in Malvaceae hard seeds is linked to water penetration in this chalazal region 

(Egley and Paul 1982; Poljakoff-Mayber et al. 1992; Serrato-Valenti et al. 1992; Seal and Gupta 

2000). Scanning electron microscopy  studies  on  Sida acuta  and  S. rhombifolia seeds  

Figure 2  Mature seed coat of M. parviflora; from Kumar and Singh (1991). The exotegmen is 

composed of palisade, parenchymatous and tannin cells. 

 

 

 

 

showed that the chalazal region only open in those seeds which imbibed water (Seal and Gupta 

2000). No studies on the chalazal region of any Malva species have been undertaken, although 

due to its campylotropous ovule it is likely to have a slit-shaped chalazal discontinuity.  

Factors affecting the development of physical dormancy 

• Environmental factors  

Seeds vary in their ability to germinate between and within populations and also between and 

within individuals. Some of this variation may be due in part to genetic differences; however, 

the maternal environment during seed development such as water stress, temperature and 
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relative humidity can significantly influence physical dormancy in many species (Fenner 1991) 

although results are often not consistent and differ between species (Table 4).  

In addition to conditions to which the maternal plant is subjected, the individual seeds will 

experience the microenvironment imposed on them by their particular position on the plant 

(Baskin and Baskin 1998; Fenner and Thompson 2005) so that variation in physical dormancy 

exists within a single plant (Andersson and Milberg 1998). Also, the 
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                   Table 4   Maternal environmental effects on physical dormancy of seed populations 
 

Environmental variable Effect on physical dormancy (PY) Species Reference 

Water stress Increased PY Abutilon theophrasti (Cardina and Sparrow 1997) 

  Cassia spohera (Datta and Sen 1981) 

  Glycine max (Nooden et al. 1985) 

  Glycine max (Hill et al. 1986) 

  Lotus tenuis (Clua and Gimenez 2003) 

  Ornithopus compressus L. (Revell et al. 1999) 

  Lupinus sp.  (Quinlivan 1971) 

 Decreased PY Erodium brachycarpum (Stamp 1990) 

  Gossypium sp. (Carver 1936) 

  Trifolium subterranean (Aitken 1939) 

  Raphanus raphanistrum L. (Young 2001) 

 No effect Stylosanthes hamata (Argel and Humphreys 1983b) 

Higher temperature Increased PY Glycine max (Egley 1989) 

  Glycine max (Keigley and Mullen 1986) 

  Stylosanthes hamata (Argel and Humphreys 1983a) 

 Decreased PY Onopordum acanthion  (Quaderi et al. 2003) 

Increased light Increased PY Abutilon theophrasti (Bello et al. 1995) 

  Ononis sicula (Gutterman and Heydecker 1973) 

 No effect Stylosanthes hamata (Argel and Humphreys 1983b) 

Shorter growing season Increased PY Ornithopus compressus L. (Revell et al. 1999) 

Nutrient deficiency Increased PY Glycine max (Nooden et al. 1985) 
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flowering sequence on the mother plant can influence the extent of physical dormancy release, 

with subterranean clover seeds that developed in fruits from the last flower to be produced, were 

the first to become permeable (Salisbury and Halloran 1983), although higher levels of physical 

dormancy have been found in late-season legume seeds (Fenner and Thompson 2005). Soil 

fertility is believed to play a minor role in the development of impermeable seeds (Rolston 

1978).  

Environmentally induced maternal effects may persist for one or more generations (Wulff 

1995). However ultimately seed dormancy is determined by local selection pressures and 

genetically adapted to ensure maximum survival and persistence over time.   

• Genetic factors  

Dormancy is an adaptive trait that optimises the distribution of germination over time within a 

population of seeds (Vleeshowers et al. 1995). Physical dormancy is a character with high 

heritability (Quinlivan 1971; Rolston 1978; Egley 1989; Baskin and Baskin 1998). Lee (1975) 

found two genes were involved in the development of hard Gossypium seeds but dry conditions 

during seed maturation enhanced expression of the genes. An appropriate seed dormancy 

strategy is crucial for the survival of annual species in mediterranean areas. If plant populations 

are to persist under particular environments, it is essential that they maximise the chances that 

seeds will germinate, grow, and set seeds themselves. Ecotypic differentiation in physical 

dormancy has been observed in a number of species in response to pressure from environmental 

factors such as rainfall availability (Taylor and Ewing 1992; Dunbabin and Cocks 1999; 

Norman et al. 2002). This allows populations to adapt to local conditions and utilise the 

maximum resources available.  

Artificially breaking the seed coat 

A number of techniques have been developed by researchers to make physically dormant seeds 

permeable including mechanical scarification, acid scarification, enzymes, high atmospheric 

pressures, hot water, dry heat and high temperatures. Treatments such as mechanical and acid 

scarification will almost always make a seed permeable to water, but the success of other 

methods varies with the species treated and the treatment intensity and duration (Baskin and 

Baskin 1998). Freshly harvested mature M. parviflora seeds that are free of mechanical damage 

fail to imbibe when kept moist or wet (Sumner and Cobb 1967). Cracking or nicking the seed 

coat without damaging the underlying membrane allows seeds to imbibe water within a few 

hours (Sumner and Cobb 1967). In M. pusilla, mechanical scarification is the only treatment 

which consistently produces a high percentage of germination (Makowski 1987) and scarified 

seeds of Kosteletzkya virginica (Malvaceae) have 100% germination irrespective of year of 

harvest (Poljakoff-Mayber et al. 1992). Chemical scarification has little to no effect on 

germination of hard-seeded M. parviflora (Sumner and Cobb 1967) and M. pusilla (Makowski 
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1987). Placing M. parviflora seeds in 1 to 18 hours of 71% sulphuric acid or 5.24% sodium 

hypochlorite produced no imbibition or germination (Sumner and Cobb, 1967). However, acid 

treatment on other hard-seeded Malvaceae species promotes germination, for example in Sida 

acuta and Sida rhombifolia (Seal and Gupta 2000); Abutilon theophrasti (Horowitz and 

Taylorson 1985) and Gossypium hirsutum (Christiansen and Moore 1959). Boiling M. 

parviflora seeds in water for 5 - 10 seconds followed by immersion in ice water produced 27% 

germination (Sumner and Cobb 1967). 

Naturally breaking the seed coat 

‘Gaps’ in the seed coats of seeds with physical dormancy are closed at seed maturity and then 

are opened in response to appropriate environmental signals (Baskin 2003). Fluctuating high or 

low temperatures, fire, low winter temperatures, microbial interaction and animal digestion have 

been able to break seed dormancy without destroying the embryo in many species with 

impermeable seed coats (Baskin and Baskin 1998). Germination increased with time when M. 

parviflora seeds were buried 2.5 cm deep in soil and placed in warm fluctuating conditions 

(max temp 45oC). Daily soil temperature fluctuations of greater than 15oC stimulated 

germination (67%) of hardseeded Heliocarpus donnell-smithii (Malvaceae) in light gaps in 

tropical rainforests. Under the forest canopy, which has small 5oC temperature fluctuations, only 

25% of seeds germinated (Vazquez-Yanes and Orozco-Segovia 1982). Daily fluctuating 

temperatures with maximums between 30oC and 60oC and a minimum of 15oC cause physically 

dormant seeds of Trifolium subterraneaum, Lupinus consentini and Medicago truncatula to 

become permeable provided treatment is continued for several weeks or months (Quinlivan 

1966; Quinlivan 1971). Diurnal temperature fluctuations around 60/15oC are typical of soil 

surface temperatures over summer in the Western Australian wheatbelt (Taylor and Ewing 

1992). Fluctuating temperatures may be important in the dormancy breakdown of hardseeded 

Malva parviflora in southern Australia. 

Fire is a natural part of Mediterranean ecosystems and can significantly influence plant 

community dynamics (Groves 1991). It was observed that Iliamna spp. (Malvaceae) seedlings 

appeared after fire occurred in their environment (Baskin and Baskin 1997) although whether 

this was caused by heat, smoke stimulants or an increase in soil temperature caused by removal 

of plant litter is unknown. A solution of smoke-water (SeedStarter®) appeared to improve 

germination in dormant Malva neglecta from an initial 28% to 73% (Adkins and Peters 2001), 

however this result is questionable as seeds were apparently physically dormant and thus 

impermeable to external solutes.  

The improvement in germination of hardseeded species after animal digestion has been well 

documented (Thomson et al. 1990; Russi et al. 1992; Manzano et al. 2005). However, this 

stimulation is only minor and other environmental factors such as fluctuating temperatures are 
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thought to play a more important role in dormancy loss. Nevertheless, breakdown of physical 

dormancy by animal digestion is assumed to be caused by either acidic (Cavanagh 1980) or 

mechanical scarification (Lamprey et al. 1974). Yet breakdown of dormancy may occur after 

animal digestion due to factors such as fermentation of faecal material causing wet-heat 

treatments or exposure of faeces to high fluctuation temperatures from the soil surface (Baskin 

and Baskin 1998). It is unknown whether physical dormancy of M. parviflora is broken by 

animal digestion.  

Many reviews and articles report that dormancy can be broken in hardseeded species by soil-

microbial action and/or abrasion by soil particles (Rolston 1978; Fenner 1985; Mayer and 

Poljakoff-Mayber 1989; Bewley and Black 1994). However, there is little evidence in the 

literature to support this assumption (Baskin and Baskin 2000).  

2.5.3 Physiological dormancy 

Seed dormancy caused by physiological inhibiting mechanisms of the embryo is called 

physiological dormancy and is the most common form of dormancy (Baskin and Baskin 1998). 

According to Benech-Arnold et al. (2000) there are two kinds of environmental factors that 

affect dormancy; those that regulate changes in the degree of dormancy of a seed population 

(i.e. temperature and its interactions with soil hydric conditions); and those that remove the 

ultimate constraints for seed germination once the degree of dormancy is sufficiently low (i.e. 

light, fluctuating temperatures, nitrate), also called dormancy termination factors. Conflict has 

arisen as to the definition of the latter factor, with Vleeshowers et al. (1995) claiming that the 

process of dormancy release should be clearly distinguished from the germination process itself. 

They argued that factors like light and nitrate are often essential for germination, but only by 

promoting the germination process itself, not by mitigating the requirements for germination 

and are thus germination stimulants. In this review we accept Vleeshowers et al (1995) 

definition of germination stimulants and thus these factors are discussed under Section 2.6, 

Germination factors.  

Temperature is thought to be the main factor affecting changes in the degree of physiological 

dormancy.  Seeds of winter annual species such as Veronica hederifolia (Karssen 1980) and 

Lamium sp. (Baskin et al. 1986) generally lose dormancy at high or moderately high 

temperatures in summer. Seeds of summer annual species, however, such as Rumex obtusifolius 

(Totterdell and Roberts 1979), lose dormancy after low temperatures in winter. Thus dormancy 

in these seeds is alleviated to coincide with favourable germinating conditions, either after 

summer or winter periods. Dormancy can also be reinforced again by temperature allowing a 

cycling of dormancy to occur such as in Polygonum aviculare, where low temperatures relieve 

dormancy and high temperature reinforces it (Kruk and Benech-Arnold 1998). There is also 
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evidence that soil moisture (Benech-Arnold et al. 2000; Steadman et al. 2003) and light 

(Steadman 2004) can modulate temperature effects on dormancy release.  

Physiological dormancy in Malvaceae species 

Some M. parviflora seeds fail to germinate after physical dormancy has been broken (Sumner 

and Cobb 1967). This suggests that more than one type of dormancy may occur in M. parviflora 

however, Sumner and Cobb (1967) did not test seed viability and thus seeds may have been 

dead rather than dormant. Physiological dormancy has been demonstrated in another 

Malvaceae, Abutilon theophrasti (Egley and Chandler 1978; Lueschen and Anderson 1980; 

Warwick and Black 1985). An A. theophrasti population exhibited some form of embryo 

dormancy (8%) as seeds remained viable but did not germinate immediately after the seed coat 

was broken (Warwick and Black, 1985). Physiological dormancy of the embryo is usually 

broken before hard seeds become permeable (Baskin and Baskin 1998), thus seeds would be 

able to germinate readily in favourable autumn conditions. According to the classification 

system of Baskin & Baskin (2004), a species with both physical and physiological dormancy is 

described as having combinational dormancy.   

 

2.6   MALVA GERMINATION 

2.6.1 Definitions 

Germination of viable, non-dormant seeds requires certain environmental conditions (Bewley 

and Black 1994). These requirements include light quality, appropriate temperature, water and 

oxygen availability. Germination begins with water uptake by the seed (imbibition) and ends 

with the start of elongation by the embryonic axis, usually the radicle. It includes numerous 

events such as protein hydration, subcellular structural changes, respiration, macromolecular 

syntheses and cell elongation, none of which is itself unique to germination (Bewley and Black 

1994). The combination of these events leads to the transformation of a dehydrated, quiescent 

embryo with a scarcely noticeable metabolism into one that has a vigorous metabolism resulting 

in growth. To be able to germinate, a seed must be viable, non-dormant and experiencing the 

correct conditions required for germination.  

Most research that has been conducted on germination of Malva spp has been undertaken on M. 

pusilla in temperate environments (Canada) and therefore germination literature in 

Mediterranean-type climates is limited.  

2.6.2 Factors affecting germination 

The proportion of a cohort of seeds that germinate each year is influenced by a complex 

interaction of environmental, physiological and genetic factors (Baskin and Baskin 1998). The 
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crucial environmental factors influencing seed germination in Mediterranean-type environments 

are usually moisture, temperature and light (Cocks 1969).  

Moisture 

The first process that occurs during germination is imbibition, the uptake of water by the seed 

(Baskin and Baskin 1998). The extent to which imbibition occurs is determined by the 

availability of water, permeability of the seed coat and the composition of the seed (Egley and 

Duke 1985). Germination of M. pusilla requires adequate water and emergence progressively 

declines below -0.28 MPa seed water content (Blackshaw 1990). Mediterranean-type winters 

are moist and summers are dry. Adequate moisture for plant growth is available in the surface 

soil from autumn through to spring, with a potential growing season for shallow-rooted plants of 

approximately 6-7 months (Sprecht 1985). Thus moisture availability would generally restrict 

germination in a Mediterranean environment to between autumn and spring although 

unseasonable summer rainfall events do occur. However, it has been observed that M. parviflora 

plants occur all year round, due in part to persistent plants surviving with their long taproots 

(Chorbadjian and Kogan 2002).  

Temperature 

Malva pusilla seeds can germinate over a wide range of temperatures between 5 – 30oC, with 

optimal germination occurring 15 – 30oC and peaking at 20oC (Makowski 1987; Makowski and 

Morrison 1989; Blackshaw 1990). Mediterranean climates are characterised by mild winters and 

hot summers, with high summer diurnal temperatures. The temperature influences on 

germination of M. parviflora growing in a Mediterranean-like WA environment are unknown. 

Many species in this environment restrict germination until mild temperatures occur, which 

coincides with water availability from autumn rains (Bell et al. 1993). In south-west Western 

Australia, around 80% of the annual rainfall occurs during late autumn and winter (May – 

August), when the temperatures are 7 – 10oC at night and 16 – 20oC during the day (Turner et 

al. 2005). Reduced seed imbibition and germination of permeable seeds at high temperatures 

has been shown in other hardseeded species in southern Australia (Dunbabin and Cocks 1999; 

Taylor 2004; Turner et al. 2005). Thus the temperature range in which seedling emergence 

occurs for M. parviflora may have been adapted to coincide with water availability.  

Light 

The light-stimulated germination of a seed involves the phytochrome system. Phytochrome 

consists of a family of photoreceptors capable of gathering environmental information on light 

intensity, light quality, direction of the light source and the duration of the light exposure 

(Gallagher 1998). Makowski (1987) studied the germination of M. pusilla under alternating 

light and dark in comparison with dark only conditions and found that there was no difference 
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between treatments. Physically dormant species are generally neither suppressed nor promoted 

by the presence of light (Li et al. 1999; Baskin et al. 2004), although there are exceptions 

(Turner et al. 2005). There is no literature on the effect of light on M. parviflora germination 

but, due to its physical dormancy, it is unlikely to be required for germination. 

 

 

2.7   MALVA CONTROL 

2.7.1 Physical 

Malva parviflora plants have a substantial taproot and it is thus difficult to kill. It is able to 

regrow after being cut down or eaten to the crown area, though cultivation can kill M. parviflora 

if the taproot of the plant is severed below the crown (Chorbadjian and Kogan 2002). Mowing 

and grazing of M. pusilla will delay growth for a short time, followed by rapid recovery and 

increased branching below the injured area (Makowski and Morrison 1989). Livestock have 

been used to control weeds for many years. The effect of animal digestion on Malva seed 

viability has been examined for M. parviflora by horses (St John-Sweeting and Morris 1990) 

and birds (Proctor 1968); and for M. pusilla by cattle (Blackshaw and Rode 1991). More than 

half of the Malva seed lots studied were still viable after digestion by horses (St John-Sweeting 

and Morris 1990) and cattle (Blackshaw and Rode 1991).   

Many studies have found that seed survival with passage through animals is related to the 

degree of hardseededness in addition to seed size (Simao Neto and Jones 1987; Simao Neto et 

al. 1987; Norton et al. 1989; Gardener et al. 1993a; Gardener et al. 1993b; Squella and Carter 

1996) with hardseeded small seeds most likely to survive digestion. The hardseededness of 

Malva species, as well as its small size, would allow a substantial proportion of seeds to survive 

mastication and digestion. Up to 700 live M. parviflora seeds can be passed daily through the 

horse with recovery from horse manure peaking three to five days after seed consumption and 

gradually declining until 13 days when no further seeds are recovered (St John-Sweeting and 

Morris 1990). In birds, the maximum interval between seed indigestion and recovery of the last 

viable M. parviflora seed ranges from 7 hours in geese to 152 hours in Killdeer (Proctor 1968). 

There has been no work on the effect of mastication (chewing) and digestive processes on 

Malva seed transmission, viability and germination. There may be potential for Malva weed 

control by livestock, however toxicity effects (Section 2.1.4) and the potential for seed dispersal 

(Section 2.2.3) need also to be taken into account.   

2.7.2 Biological – Colletotrichum gloeosporioides 

Biological weed control is defined as the action of parasites, predators or pathogens in 

maintaining another organism’s population at a lower average density than would occur in their 
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absence (Zimdahl 1999). The objective of biological control is not to eradicate a population, but 

to reduce populations to an economically viable level. The disadvantage of biological control is 

the potential for the controlling organism to become a new pest. For example, the introduction 

of foxes and cane toads into Australian ecosystems at the beginning of the last century resulted 

in both animals becoming major pests. 

Bioherbicides are biological control agents applied in the same way as chemical herbicides. The 

active ingredient is a living microorganism, applied in inundative doses. Fungi are commonly 

used with propagules being spores or fragments of mycelium and in this case, the bioherbicide 

is called a mycoherbicide. Several mycoherbicides are available that successfully control weeds 

including Devine™ (Phytophthora palmivora), which controls stranglevine in citrus orchards 

and BioMal™ (Colletotrichum gloeosporioides), which is used to control round-leaved mallow 

(Malva pusilla) in Canada (Zimdahl 1999). The pathogen Colletotrichum gloeosporioides 

(Penz.) Sacc. F. sp. Malvae was isolated from seedling blight occurring on round-leaved mallow 

in greenhouse tests in 1982 at the Agriculture Canada Research Station in Regina, 

Saskatchewan. Round-leaved mallow is a major weed of less competitive field crops such as 

lentil and flax in the Canadian Prairies (Makowski and Mortensen 1992). Under natural 

conditions, Colletotrichum gloeosporioides does not develop into epidemic proportions until 

late in the growing season because of its limited dissemination. This bioherbicide will not be 

explored in this thesis as Colletotrichum gloeosporioides is not native to our WA environment 

and other suitable fungi would need to be found and developed.  

2.7.3 Chemical 

The shift towards no-till farming systems over the last 20 years in WA and elsewhere in 

Australia has increased use and heavy dependence on herbicides. This trend has occurred all 

around the world as environmental and economic pressures have infringed on farmers. With 

increased herbicide dependence, there is intense selection pressure on weed populations. A few 

resistant individuals in an otherwise susceptible population will eventually produce progeny that 

will dominate the population and consequently result in herbicide resistance. Currently, there 

are 31 known weed populations resistant to 8 herbicide groups in Australia including Lolium 

rigidum (annual ryegrass), Avena fatua (wild oats) and Raphanus raphanistrum (wild radish) 

(Heap 2006). Control of mallow with selective herbicides and cultivation is often unsatisfactory 

(Blackshaw 1996) facilitating its spread once initial infestations become established. Malva 

parviflora is naturally tolerant to glyphosate ® (Group M), a herbicide commonly used by many 

farmers (Wu and Dastgheib 2001) (See Section 2.1.4). Recently two new herbicides, Affinity® 

DF (selective post-emergent) and Hammer® (knock-down), have been registered for M. 

parviflora use. Both herbicides are from Group G and contain the compound carfentrazone-

ethyl that inhibits the enzyme protoporphyrinogen oxidase and in doing so, disrupts lipid and 
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cell membranes. So far trials have shown that both herbicides have a high level of efficacy in a 

wide range of situations (Cummings 2001a; Cummings 2001b) provided spraying occurs when 

seedlings are small.   

 

2.8  CONCLUSIONS AND RESEARCH OBJECTIVES 

Malva parviflora has already increased in spread and density in Western Australia over the past 

few years and this trend is likely to continue unless suitable control measures are identified and 

implemented. It is essential that weed management is based on an understanding of biology and 

ecology of weeds in the changing environment which they are found. This literature review 

demonstrated the substantial lack of knowledge of weedy M. parviflora both in Australia and 

overseas. This dissertation is composed of four main research objectives, arranged into separate 

chapters, developed in order to understand and obtain a wide range of ecological and biological 

information regarding M. parviflora in Western Australia.  

Weed identification is the first and, possibly, the most important prerequisite in the management 

of weeds (Sindel 2000). Also, knowledge of the breeding system and population genetic 

variation will help develop a sound understanding of the reproduction, dispersal and spread of 

M. parviflora.  Chapter 3 ascertains whether the weedy Malva species in Western Australia is 

M. parviflora and also determines the breeding system. It investigates the genetic variation of 

M. parviflora throughout the Western Australian wheatbelt using a quantitative common garden 

study and establishes whether the species has adapted to its frequently changing environment 

through the formation of ecotypes.  

Hypothesis 1: The Malva species found in Western Australia is M. parviflora and it possesses 

an inbreeding reproductive system. Populations are genetically distinct and adapted to different 

environments.   

Dormancy and germination mechanisms are of great adaptive importance in ensuring that 

seedling emergence occurs at the most advantageous time and place (Bewley and Black 1994). 

Malva parviflora possesses physical dormancy which prevents germination until some unknown 

factor(s) render it permeable. Chapter 4 explores the effect of various temperature and light 

regimes on dormancy breakdown and germination of M. parviflora seeds. Emergence of 

seedlings from surface and buried soil locations is also examined.  

Hypothesis 2: Malva parviflora will have adapted to its Mediterranean environment through its 

dormancy and germination characteristics to avoid germination during the dry, hot summer 

conditions typical of Mediterranean environments. Dormancy release is caused by hot 

fluctuating temperatures experienced during summer months.   
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Annual species inhabiting frequently disturbed habitats must be able to rapidly reproduce in 

order for continued survival. Chapter 5 investigates the seed development of Malva parviflora, 

in particular the germinability, hardseededness and desiccation tolerance of seeds at different 

developmental stages.  

Hypothesis 3: Due to its weedy nature, M. parviflora seeds develop rapidly and reach 

physiological maturity within a very short period of time. The development of hardseededness, 

essential for seed survival and longevity, also occurs very quickly.   

Livestock production is an integral part of farming systems for many producers in Australia, and 

has been used as an alternative weed control strategy for many years. However, with its 

hardseeded nature and small seed size, it is highly likely that M. parviflora seeds can survive 

grazing by animals and be dispersed across the farming system. Chapter 6 explores the effect of 

in vivo rumen digestion as well as mastication and gut passage on the viability of M. parviflora 

seeds.  

Hypothesis 4: Due to its water impermeable seed coat and small size, viable M. parviflora seeds 

can survive sheep digestion. Sheep are likely to play an important role in the dispersal and 

spread of seeds through the Western Australian wheatbelt. However, there is still potential for 

weed control provided the developmental stage is considered.     
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Abstract 

Malva parviflora populations were collected from 24 locations across the Mediterranean-

climatic agricultural region of Western Australia and grown in Perth in a common garden 

experiment. Seventeen morphometric and taxonomic measurements were taken and genetic 

variation was investigated by performing principal components analysis (PCA). Taxonomic 

measurements confirmed that all plants used in the study were M. parviflora. Greater variation 

occurred within populations than between populations. Separation between populations was 

only evident between northern and southern populations along PC2, which was due mainly to 

flowering time. Flowering time and consequently photoperiod were highly correlated with 

latitude and regression analysis revealed a close relationship (r2 = 0.6).  Additionally, the 

pollination system of M. parviflora was examined. Plants were able to self-pollinate without the 

need for external vectors and the pollen-ovule ratio (31 ± 1.3) revealed that M. parviflora is 

most likely to be an obligate inbreeder with a slight potential for outcrossing. The limited 

variation of M. parviflora enhances the likelihood of suitable control strategies being effective 

across a broad area.  

  

Additional keywords:  Malvaceae, weed, small-flowered mallow 

 

Introduction 

Malva parviflora L. (small-flowered mallow) is a common weed of pastures and wastelands and 

its distribution has increased rapidly throughout Australia during the last decade. The weedy 

species is a member of the economically important plant family Malvaceae, which includes 
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cotton (Gossypium spp.) and ornamental hibiscus (Hibiscus spp.). The natural origin of species 

within the genus Malva is uncertain because many species have become widespread weeds (Ray 

1995), however the centres of diversity are most likely to be in the Mediterranean region and 

south-western Asia (Hanf 1983). Mediterranean weeds, whether native or introduced, must be 

well adapted to a Mediterranean climate of cool wet winters and hot dry summers. Malva 

species have been major weeds throughout the world, with a highly competitive nature 

(Makowski 1987; Bilalis et al. 2001) and tolerance to a range of herbicides (Wu and Dastgheib 

2001), indicating the serious threat of M. parviflora to Australian agriculture.  

The genetic structure of a population determines its ability to adapt to new or changing 

environments and is determined by the interaction of many factors. The breeding nature of a 

species has a strong influence on the pattern and arrangement of genetic variation of 

populations. Inbreeding species tend to be more genetically diverse between populations, but 

show less genetic differentiation within populations, than outcrossing species (Hamrick and 

Godt 1996). This occurs in many studies using quantitative traits that are expressed 

phenotypically (Charlesworth and Charlesworth 1995; Griffith et al. 2004) as well as qualitative 

traits measured by allelic diversity (Holt 1994). Generally genetic variances for highly selfing 

populations are one-third to one-fifth of the values for complete outcrossers (Charlesworth and 

Charlesworth 1995). Little is known of the breeding system of M. parviflora although it has 

been observed that the anthers are open in the bud (Kristofferson 1926), indicating that flowers 

may be autogamous (self-fertilising), though confirmation is required. Other factors besides 

breeding system may also affect patterns of genetic variation, such as drift or founder effects 

(Holt 1994), which will cause populations to differentiate even in the absence of environmental 

differences, and gene flow (Barrett 1992; Bennett and Galway 2002), which will tend to 

homogenise populations.  

The genetic structure of populations has been shown to affect the efficacy of control of invasive 

species. Biological control is thought to be favoured by limited amounts of genetic variation in 

weed populations as greater genetic variation allows more rapid adaptive evolution and escape 

from the biological control agent (Sakai et al. 2001). Lolium rigidum, a predominately 

outcrossing species with very high genetic diversity, has developed multiple herbicide resistance 

in Australia (Powles and Bowran 2000). Continual control of this weed in the future will only 

be achieved by the adoption of diverse herbicide use and an integrated weed management 

approach. Therefore an understanding of total genetic variation and its structure within an 

invasive species is important in the development and implementation of successful weed 

management strategies. BioMal® (Colletotrichum gloeosporioides f. sp. malvae) is effective in 

controlling weedy Malva pusilla in Canada (Makowski and Mortensen 1998) demonstrating that 

there may be a potential for biocontrol in Malva parviflora. There have been no studies on the 

population variation of Malva parviflora in Australia. A population of M. parviflora in Egypt 
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has uniform chromosome numbers (2n = 42), no significant variation in nuclear DNA amount 

and no polyploidy (Bidack and Brandham 1995) but no molecular genetic or quantitative 

population studies have been undertaken.  

There is much doubt about the correct nomenclature of many Malva and Malvaceae species 

worldwide (Ray 1995), and it is uncertain which weedy Malva species is present in Western 

Australia’s agricultural region. Some of the key distinguishing features between the small-

flowered mallows M. pusilla, M. parviflora, M. nicaeensis and M. neglecta, which all have 

petals less than 12 mm, are the corolla colour, corolla to calyx ratio and shape of the mericarp 

(Table 1). The increasing spread of weedy Malva spp. in Western Australia combined with the 

limited knowledge of its breeding system and population ecology demonstrates the urgent need 

for research into these issues in order to develop effective control strategies. This study aims 1) 

to establish whether the Malva species found throughout the WA agricultural region is Malva 

parviflora, 2) to determine its breeding system, 3) to measure how much variation is present in 

M. parviflora populations around the WA agricultural region, and 4) to determine whether 

ecotypic differences exist between populations. 

Materials and methods 

Breeding system 

Malva seeds were collected from Mingenew (29.08 S, 115.29 E) on the 20th of February 2004 

and stored at 20 ± 5oC for one week. Schizocarps were crushed to release seeds from 

schizocarps and mericarps. The impermeable seed coat was scarified using 
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 Table 1.  Distinguishing characteristics of the small-flowered mallow group (information 

sourced from Hanf, 1983) 

 

Character M. parviflora M. neglecta M. pusilla M. nicaeensis 

Corolla to calyx ratio 1:1 2:1 1:1 2.5:1 

Corolla colour pale pink pale 
pink/white 

pale 
pink/white pale violet 

Mericarp on  

dorsal face 

distinctly 
reticulate 

ribbed 
faintly ribbed 

distinctly 
reticulate 

ribbed 

distinctly 
reticulate 

ribbed 

Adjacent margins of  
the mericarp toothed smooth smooth smooth 
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tweezers and seeds were incubated on solidified 1% (w/v) agar-water at 25/15oC (day/night, 12 

hr photoperiod) for 2 weeks. Seedlings (18) were selected and transferred to six pots (3 

seedlings/pot), filled with potting mix (pine bark, coco peat, river sand and 3 kg/m3 basic 

fertilizer) and grown in a controlled temperature glasshouse at the University of Western 

Australia (UWA), Perth (31.57 S, 115.51 E). After two weeks, pots were thinned to only one 

plant. Plants were watered and fertilized regularly throughout the experiment.   

At the commencement of flowering, 12 unopened flowers from each plant were selected at 

random and the surrounding mature and immature flowers removed. Three of the 12 unopened 

flowers were subjected to one of the following pollination treatments; a)  open pollination 

(control), b) self pollination using pollen from the same flower, c) geitonogamy, self pollination 

using pollen from a different flower on the same plant, and d) cross pollination using pollen 

from flowers of a different plant. For both self (c) and cross pollination (d) treatments, the 

stamens were emasculated to ensure all original pollen was removed.  Foreign pollen was 

placed directly onto the stigma and flowers were immediately covered after handling with a thin 

paper bag (10 x 15 cm) and sealed to restrict pollen flow. For treatment (b), no manipulation 

was carried out and flowers were covered before flower opening. Additional unopened flowers 

were opened and the floral structure observed. After 2 weeks all treated flowers were collected 

and number of seeds recorded.  The viability of each seed was determined by placing in 1% 

2,3,5-triphenyl tetrazolium chloride solution at 30oC for 18 hours in the dark.  Complete red 

staining of embryo was required to score a seed as viable.  Pollen-ovule ratios were determined 

by collecting 12 random flowers from the six Malva plants used above. Individual pollen sacs 

from each flower were placed onto a glass slide and a drop of water added, and gently squashed 

under a coverslip. Samples were observed under a confocal microscope and the number of 

pollen grains and ovules per flower was recorded. 

Population variation  

Malva seeds were collected between December 2001 and March 2002 from 24 populations 

across the agricultural region of south-west Western Australia (Figure 1). These populations 

covered 10 different Crop Variety Testing (CVT) zones, which are based on annual rainfall and 

mean temperatures. For each of the 24 populations, 15                                       

 



Chapter 3 Australian Journal of Agricultural Research 

 52 

 

 

Figure 1.  Map of the south-west of Western Australia indicating the Crop Variety Testing 

(CVT) areas and location of Malva parviflora seeds collected during December, 2001. Rainfall 

regions are represented by H (High – 450 to 750 mm), M (Medium – 325 to 450 mm) and L 

(Low – less than 325 mm). Zones are signified by 1 (North), 2 (North central), 3 (Central), 4 

(South central), 5 (South), 5E (South east) and 5W (South west).  
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plants were selected at random, from an area no more than 20 m2 and seeds from each plant 

were kept separate. Due to the drought that affected the entire WA agricultural region in 2001, 

plants were scarce, so microhabitats were included, such as sheep yards, fence lines and 

paddocks. Longitude and latitude were recorded for each population and averaged over each 

CVT area (Table 2).   

Weather details were also recorded for the most central town in each CVT area (Australian 

Bureau of Meteorology 2003). Additionally, soil (400 g) was sampled from a representative 

area within the population, ensuring a central location to the plants sampled. The soil properties 

measured (CSBP laboratory, Kwinana WA) were phosphorus, potassium, sulphur, organic 

carbon, reactive iron, electrical conductivity, pH level (CaCl2) and total nitrogen.  

Seeds were stored at 20 ± 5oC for up to 10 weeks during seed cleaning and schizocarps were 

crushed to release seeds as above. From each of the 15 individual M. parviflora plants sampled 

from each population, a minimum of 50 cleaned seeds were germinated as described previously. 

Twelve seedlings were randomly selected, transplanted to moist Jiffy pots (peat-based) and 

placed into a controlled temperature glasshouse (29/18oC, day/night) at UWA for 2 weeks. 

Seedlings were then transferred into a common garden experiment at the UWA Shenton Park 

Research Station, Perth (31.57 S, 115.51 E). Three seedlings were selected out of the 12 grown 

and planted into separate field blocks (53 cm spacings). Within each of the three blocks, 

seedlings were grouped according to population and randomised. Throughout the experiment 

Baileys Apex GrowTM, ThriveTM and water was applied regularly. At two stages of plant growth, 

start of flowering and plant senescence, 17 morphometric and taxonomic measurements were 

taken (Table 3). Traits were selected according to previous relevant population studies of Malva 

pusilla (Makowski 1987), Trifolium tomentosum (Bennett 1999) and Trifolium glomeratum 

(Bennett 1997).  

Data were analysed in a number of steps. Firstly, using a one-way analysis of variation 

(ANOVA), population means and coefficients of variation were calculated for each trait. No 

data in this study required transformation as the variables did not deviate from normality 

according to residual plots. Genetic variation for each quantitative trait was partitioned in three 

ways; i) between CVT area, (ii) between populations within each CVT area, and iii) within 

population variation. This was performed using a REML   



 

 

Table 2.  Latitude, longitude and climate indices for the central town of each Crop Variety Testing (CVT) area. Temperature and rainfall are average annual 

long term values, sourced from the Australian Bureau of Meteorology (2003).  
 

CVT area Populations Latitude (S) Longitude (E) Central town 

  Av. Range Av. Range Name 
Av. 

Rainfall 
(mm/yr) 

Av. Min 
temp (oC) 

Av. Max 
temp (oC) 

H1 3 29.06 28.80 - 29.19 115.10 114.90 – 115.30 Geraldton Airport 464.9 13.6 25.8 

H2 3 30.21 30.16 – 30.25 115.55 115.27 – 116.05 Badgingarra 587.4 11.3 25.2 

H4 3 33.34 33.30 – 33.43 117.24 117.17 – 117.35 Katanning 481.5 9.3 22.1 

H5E 1 33.60 n/a 121.78 n/a Esperance Downs 496 10 21.9 

M1 3 29.06 29.01 – 29.15 115.45 115.40 – 115.50 Mingenew 358.8 12.6 26.8 

L1 2 29.12 29.01 – 29.22 116.03 116.01 – 116.05 Morawa 337.8 11.3 25.2 

L2 2 31.03 31.02 – 31.04 116.95 116.93 – 116.97 Konnongoring 359.9 11.2 24.8 

L3 3 31.29 31.28 – 31.30 118.15 118.14 – 118.16 Merredin 315 10.6 24.7 

L4 3 32.66 32.59 – 32.72 119.36 119.27 – 119.41 Hyden 324.6 9.7 24.5 

L5 1 32.98 n/a 121.62 n/a Salmon Gums 341.9 9 23.2 

 

 



Chapter 3 Australian Journal of Agricultural Research 
 

 55 

Table 3.  Morphometric and taxonomic measurements. Measurements were taken at flowering 

(f), senescence (s) or both.  

 

Trait Measurement Abbreviation Scored

*Adjacent margins of mericarp 2 types; 1, smooth; 2, toothed  s 

*Corolla colour 3 types; 1, white; 2, white/light pink;   
3, light pink  f 

*Corolla to calyx ratio measured at flowering cor:cal f 

*Mericarp on dorsal face 2 types; 1, faintly ridged;                
2, distinctly reticulate ribbed  s 

Calyx length length of calyx on 1st open flower 
(mm) callen f 

Corolla length length of corolla on 1st open flower 
(mm) corlen f 

Dry weight dry weight of shoot (g) drywt s 

Flowering time when corollas visible on 2 florets,  
as days from sowing flower f 

Leaf length length of leaf at 1st flowering node 
(cm) lflen f 

Leaflet width width of leaf at 1st flowering node 
(cm) lftwid f 

Node of 1st head on main stem; counted from crown node f 

Petiole length measured at 1st flowering node (mm) petlen f 

Plant height median plant height (cm) pltht f + s 

Plant width median plant diameter (cm) pltwid f + s 

Seed weight dry weight of 50 seeds (g) sdwt s 

*Traits measured for taxonomic purposes.   
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(residual maximum likelihood) analysis. Secondly, a Principal Components Analysis (PCA) on 

the Pearson’s correlation matrix was performed. The factor loadings obtained from the PCA 

were undertaken using the correlation matrix, chosen in order to standardise the data because 

different traits were measured on different scales. A one-way ANOVA and a Duncan’s multiple 

range test was performed on scores to determine whether CVT populations within principal 

components 1 (PC1) and principal components 2 (PC2) were significantly different. Finally, 

further Pearson’s correlation matrices were produced to determine the correlations within soil 

and climatic indices in addition to correlations between plant traits and soil indices and between 

plant traits and climate indices. All statistical analysis was carried out using Genstat 6th Edition 

(VSN International, Oxford).  

Results 

Taxonomic determination 

All plants used in the experiment were Malva parviflora. The taxonomic traits measured on 

each plant produced the same results; pale pink corollas, distinctly reticulate ribbed dorsal face 

of the mericarp and toothed adjacent margins of the mericarps (Table 1). Additionally, the 

corolla to calyx ratio, which had the lowest coefficient of variation of all traits measured (Table 

4), was approximately 1:1 for all plants. 

Breeding system 

Malva parviflora is capable of inbreeding because self pollination using pollen from the same 

flower produced 100% viable seed set (10 seeds per schizocarp). However, self-plant and cross 

pollinated flowers produced no seeds. Treatments which produced no seeds were hand 

manipulated, thus it is likely seeds were aborted due to the pollination technique employed as 

emasculation of the flowers manually was difficult due to fragility and small size. Nonetheless, 

this experiment indicated that self-pollen fertilisation of M. parviflora produces 100% viable 

seed set. The control treatment, open pollination (treatment a), also produced 100% viable seed 

set.  Observations revealed that anthers had dehisced at flower opening and pollen grains were 

already attached to the stigma. Also, the pollen grains were observed to be large and sticky with 

a diameter of 85μm. Flowers possessed very small corollas (<6 mm) and were unperfumed. 

Malva parviflora had 31 ± 1.3 pollen grains in each pollen sac and each flower had 10 pollen 

sacs and 10 ovules. The pollen-ovule ratio for M. parviflora was 31.  

Population variation 

There was variation evident in morphometric traits throughout the agricultural region (Table 4). 

The trait with the highest coefficient of variation was shoot dry weight (50%) whilst the corolla 
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to calyx ratio had the lowest (6%). All other traits had a coefficient of variation between 8 and 

30%. Populations showed significant variation (P<0.05) between CVT areas for over half of the 

traits measured but only flowering time and plant width at flowering had highly significant 

differences (P<0.001) between CVT areas. Greater variation occurred within populations than 

between populations or CVT areas in all traits except for flowering time, which had most of its 

variation partitioned between CVT areas (58%). The percent of overall variation within 

populations ranged from 94% for plant width at senescence to 29% for flowering time. There 

were significant differences (P<0.05) between populations within CVT areas for all traits except 

plant width at senescence.  

Approximately 70% of traits were correlated with each other (P<0.05), however, few 

correlations were over 0.7 and only two over 0.8. Correlations over 0.7 were between petiole 

length, leaf width and leaf length; plant width and plant height at flowering; and plant width at 

senescence and dry weight. The correlations over 0.8 were between leaf width and length, and 

corolla and calyx length.  

The first two principal components of the principal components analysis of traits accounted for 

60% of the total variation (Table 5). As the eigenvalues were above 1.0 for these principal 

components, they were able to summarise more information than any single original variable 

(Johnson 1993). PC1 had a relatively high loading for leaf and plant morphology traits, all of 

which were positively correlated. PC2 had a very high loading for flowering time and to a lesser 

extent calyx length, height at senescence and width at flowering. Within PC2, flowering time, 

width at flowering and calyx length were all negatively correlated whereas plant height at 

senescence was positively correlated.  



 

 

Table 4. Trait average, coefficient of variation (CV), and variation between CVT areas, between populations within CVT areas and within populations for M. 

parviflora in WA. Traits were measured at flowering (f) or senescence (s). Coefficient of variation is the standard deviation expressed as a percentage of the mean.  

Significance is indicated as P<0.001***, P<0.01** and P<0.05*. Variation (%) was computed from the sum of variance components.  

  Population average Significance Variation (%) 

Stage Trait Mean CV (%) Between CVT areas Between populations 
within CVT areas 

Between CVT 
areas 

Between populations 
within CVT areas 

Within 
populations 

f Flowering Time 75.72 8.1 *** *** 58 13 29 

s Seed weight 0.15 12.7 ** *** 35 22 43 

f Plant width 50.27 30.4 *** * 32 6 62 

f 1st head node 7.89 22.7 * *** 20 15 65 

f Calyx length 0.55 9.2 * *** 19 22 59 

f Corolla length 0.58 8.7 * *** 15 21 64 

s Plant height 53.08 21.3 * * 14 4 82 

f Plant height 13.38 26.5 n.s ** 6 12 82 

s Plant width 119.70 22.5 * n.s 6 0 94 

f Petiole length 10.05 27.3 n.s *** 5 13 82 

f Leaf length 3.99 21.0 n.s *** 4 16 80 

f Leaflet width 6.92 21.0 n.s *** 3 17 80 

f Corolla: calyx 1.08 6.0 n.s *** 2 17 81 

s Dry weight 88.24 50.1 n.s * 1 7 92 
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Table 5.  Eigenvalues, percentage variation and variable loadings for principal components 

(PC) 1, 2 and 3. Numbers in bold indicate a strong loading and thus dominate their PC. 

 

Principal 
Components 1 2 3 

Eigenvalue 4.44 2.218 1.415 

Percent variation 40.37 20.26 12.86 

Cumulative percentage 
variation 40.37 60.53 73.39 

Vector loadings    

Calyx length 0.16 -0.45 -0.03 

Dry weight 0.34 0.10 -0.36 

Flowering time 0.07 -0.61 0.11 

Height (flowering) 0.35 -0.11 -0.29 

Height (senescence) 0.20 0.40 -0.41 

Leaf length 0.40 0.03 0.34 

Leaf width 0.40 0.05 0.35 

Petiole length 0.32 0.20 0.38 

Seed weight 0.02 0.24 0.42 

Width (flowering) 0.37 -0.32 -0.13 
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The vector loadings (Table 5) and scores were graphically represented by drawing a biplot 

(Figure 2). The biplot showed a wide spread of populations. There was separation of northern 

populations (CVT areas H1, M1 and L1) and the remaining southern populations along PC2 

(Figure 1). The northern cluster of H1, M1 and L1 was significantly different (P<0.001) to all 

other populations along the PC2 according to a one-way ANOVA of scores and Duncan’s 

multiple test range. There was no difference between clusters along PC1.  From the biplot 

vectors we determined that when grown in the common garden, northern populations flowered 

earlier, had shorter calyxes, were narrower at flowering and had heavier seeds at senescence 

than M. parviflora populations from more southern CVTs.  

To determine whether the clusters created by principal components analysis were related to soil 

and climatic indices, Pearson’s correlations coefficients between traits and indices was 

computed. Correlations between indices and plant traits were very low, especially for soil 

attributes. Only correlations between reactive iron and flowering time, and nitrogen and corolla 

length were significant (P<0.05). In contrast, flowering time was strongly correlated to all 

climatic indices except for rainfall (Table 6). Calyx length and plant width at flowering were 

correlated (P<0.05) to three out of the five climatic indices. Temperature was highly correlated 

to latitude and longitude; whilst rainfall was not correlated to any of the other climatic indices. 

Seed weight was the only trait correlated to rainfall indicating that rainfall had little influence on 

flowering time, but a major influence on seed weight.   

To further understand the influence of latitude on flowering time, a regression analysis was 

conducted between latitude and photoperiod, the hours of daylight at time of flowering in the 

common garden experiment (Figure 3). Only latitude was chosen in this analysis as the clusters 

that formed on the biplot were grouped according to latitude (northern and southern 

populations). The regression analysis revealed that there was a strong relationship (R2 = 0.6; p< 

0.001) between latitude and day length required to trigger flowering. Populations from more 

northern latitudes needed shorter daylength to stimulate flowering than populations from more 

southern latitudes. No distinctive clustering of populations similar to the PCA biplot occurred in 

the regression. 
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Figure 2.  Biplot of Principal Components Analysis. Scores are grouped according to CVT 

zone. Northern CVT zones – H1 (■), M1 (▲) and L1 (●). Southern CVT zones – H2 (Δ), H4 

(□), H5E (∗), L2 (◊), L3 (+), L4 (○) and L5 (-). Vectors are abbreviated according to Table 3. 

The angles between biplot vectors indicate the degree of correlation between the traits measured 

i.e. arrows that are very close (<5o angle) are highly positively correlated, arrows that are at 90o 

are uncorrelated, and arrows at 180o from each other are highly negatively correlated.  
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Table 6. Pearson’s correlation matrix for soil and climatic indices and plant traits. Significant 

correlation is indicated by P<0.05*, P<0.01** and P<0.001***.  Strong correlations over 0.6 are 

represented by a + sign.  

 

Trait Rainfall Mean min. 
temp. 

Mean max. 
temp. 

Latitude   
(S) 

Longitude 
(E) 

Calyx length  +* +* **  

Corolla length    **  

Dry weight      

Flowering time  +* +** +*** ** 

Leaf length      

Leaflet width      

Petiole length      

Plant height (f)      

Plant height (s)    *  

Plant width (f)   +* +*** ** 

Plant width (s)      

Seed weight +**    * 
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Figure 3.  Regression analysis of latitude and photoperiod.  The photoperiod is the day length at 

flowering for experimental plants grown in the common garden experiment. Latitude is that of 

plant origin (Table 2).  
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Discussion 

Morphological examination of a range of taxonomic traits revealed that the weedy Malva 

species found in the agricultural belt of WA is Malva parviflora. There were no hybrids or other 

Malva species found during the experiment. This study confirmed that the weedy species 

present in WA was M. parviflora.  

Malva parviflora appeared to be a predominately inbreeding species. The pollination 

experiment revealed that Malva parviflora has the ability to self-fertilise and produce viable 

seeds without the need for external vectors. The species has a prior self-fertilising breeding 

system, as anthers had already dehisced at flower opening and pollen grains were already 

attached to the stigma. Flowers had very small and unperfumed corollas, typical of self-

fertilising species. The pollen-ovule ratio suggests that Malva parviflora has an obligate 

autogamic breeding system and thus only a slight opportunity for outcrossing. This is based on 

the assumption that ‘the more efficient the transfer of pollen, the lower the pollen-ovule ratio’ 

(Cruden 1977) and consequently the lower the pollen-ovule ratio, the greater the degree of 

autogamy. Generally this ratio is accurate in predicting the type of breeding system present in a 

species (Damgaard and Abbott 1995); however it serves only as a conservative indicator. This 

experiment did not determine whether the species was capable of producing viable seeds by 

means of fertilisation with foreign pollen, either from the same plant or a different plant. 

Manual manipulation of the delicate stigma and anthers in these very small flowers may have 

caused flower and ovary abscission. Natural outcrossing within species has been demonstrated 

for two similar self-fertilising species of the Malvaceae family, Abutilon theophrasti (Anderson 

1988) and Gossypium hirsutum (Xanthopoulos and Kechagia 2000) with outcrossing ranging 

from 0% to 50%. It therefore seems likely that M. parviflora could cross-pollinate with another 

M. parviflora plant, however several factors mentioned above suggest that autogamy would be 

the dominant breeding mechanism of this species, while rare cross-pollination would allow new 

genotypes to enter the population and increase the chances for survival in changing 

environments. Observations in this investigation indicate that the floral structure of M. 

parviflora has evolved for self-pollination. Most invasive species are capable of some form of 

uniparental reproduction such as selfing, apomixis or clonal propagation (Barrett 1992). Thus a 

single plant, most probably one with a genotype successful in that habitat, can rapidly build-up a 

population of an appropriate genotype.  

The genetic variation of any species is a reflection of its breeding system. Predominately 

outcrossing species have significantly higher levels of genetic diversity than plants that have 

inbreeding systems (Barrett 1992; Charlesworth and Charlesworth 1995).  In this study, the 

highest coefficient of variation value was substantially less than results from studies of both 

inbreeding and outbreeding species conducted over the same region in previous years (Bennett 
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1997; Bennett 1999; Dunbabin 2001) suggesting that other factors besides breeding system play 

an important part in the determination of genetic variation. Firstly, the low genetic variation 

present in M. parviflora in Western Australia may be due to a severe genetic bottleneck 

following introduction, where a limited amount of genetic diversity was present in the original 

material. Bennett (1999) found lower genetic variation in naturalised Western Australian 

Trifolium tomentosum populations than Syrian populations, a region near the species original 

centre of origin. Direct comparisons of variation between this study and Bidack & Brandham 

(1995) Egyptian M. parviflora study are inappropriate as variance was measured by DNA rather 

than morphometric traits. A qualitative study is needed to confirm the presence of a genetic 

bottleneck in WA. Nonetheless, limited time for adaptation and lack of continuing 

introductions, due to the isolation of Western Australia from the Mediterranean region, would 

have contributed to low genetic diversity in M. parviflora populations.   

Whilst total variation was low in M. parviflora, a greater proportion of the variation was found 

within populations than between. Inbreeders typically have lower within population genetic 

variation than between population variation (Hamrick and Godt 1996); and as our results 

indicate that M. parviflora is likely to be an inbreeder, it is possible that some gene flow is 

occurring between populations within Western Australia. There are several feasible 

explanations for the cause of gene flow. Firstly, due to its predominately autogamous breeding 

system, a slight amount of outcrossing may potentially occur; however, this is not likely to be 

the key influence on the genetic variation pattern. Another explanation is gene flow through the 

movement of agricultural livestock and birds throughout the Western Australian agricultural 

region. Many weedy species are extremely mobile due to long-distance seed dispersal (Griffith 

et al. 2004), which allows them to increase their geographic range or introduce new genotypes 

to remote populations. As a result of its impermeable seed coat, viable M. parviflora seeds can 

be dispersed by horses (St John-Sweeting and Morris 1990), sheep (Michael et al 2006b) and 

birds (Proctor 1968). Moreover, the majority of M. parviflora populations in the agricultural 

region occur in the livestock yards of farming systems, further confirming the major role that 

livestock plays in M. parviflora seed dispersal. Stock grazing of the weedy Echium 

plantagineum L. species is responsible for much of the spread of this species in Australia 

(Piggin 1978).  

Although there was less variation between populations than within, there were still differences 

in traits between populations. A few traits were correlated with soil and climatic indices, with 

the most influential being flowering time. There were highly significant differences between 

populations in different CVT areas for three traits; flowering time, seed weight and plant width 

at flowering. The principal components analysis clearly demonstrated two groups, northern 

populations and southern populations, which were separated predominately by flowering time 

and seed weight, whilst plant width at flowering and calyx length were minor components. The 
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fact that southern populations were wider at flowering and had lighter seeds than northern 

populations is most likely a direct result of delayed flowering under the experimental conditions 

and thus greater resource allocation to vegetative rather than reproductive growth (Baloch et al 

2001). Soil factors did not appear to influence the formation of these groups, however rainfall 

was highly correlated with seed weight, and latitude, longitude and temperature were highly 

correlated with flowering time. Thus these groups based on flowering time should be classed as 

ecoclines rather than climatic ecotypes as there was a gradual cline of populations rather than 

distinct clusters of northern and southern populations. Latitude, which influences photoperiod, 

also plays an important role in flowering variation in other annual species in Australia (Devitt et 

al. 1978; Bhatti 2004) and overseas (Warner and Erwin 2003). Flowering time is generally 

acknowledged as the main single trait affecting adaptation of genotypes and populations (Pecetti 

and Piano 2002) and other environmental variables such as rainfall (Bhatti 2004), altitude 

(Bennett and Galway 2002) and growing season length (Dunbabin 2001) result in ecotypic 

differentiation in flowering time.  

 Malva parviflora exhibited several features characteristic of successful colonisers such as the 

formation of ecoclines and the likely possession of a self-pollinating breeding system (although 

ability to outcross was not determined). Malva parviflora is extensively dispersed throughout 

most parts of the agricultural region of WA and there is a real potential that, due to its weedy 

nature and herbicidal tolerance (Wu and Dastgheib 2001), it will threaten Western Australian 

farming systems if not carefully managed. Weed control strategies must be based on a sound 

understanding of the conditions which promote or suppress establishment, growth and spread. 

By discovering in this study that M. parviflora populations have low genetic diversity and only 

differ ecoclinally in flowering time, a successful control technique, such as biocontrol, would be 

expected to be effective across the entire Western Australian agricultural region.  
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Abstract 

Mature Malva parviflora seeds were collected from four diverse locations in the Mediterranean-

type climatic agricultural region of Western Australia. Most seeds were able to germinate over a 

wide range of temperatures (5-37oC) and had no light requirement. Duration of storage had no 

effect on total germination, although germination was slower in fresh seeds indicating the 

presence of physiological dormancy. Scarification or fluctuating summer temperatures (50/20oC 

and natural) were required for breakdown of physical dormancy with seed populations from 

regions with similar annual rainfall producing similar dormancy release patterns; Populations 

from low rainfall areas (337 – 344 mm) were more responsive to fluctuating temperatures, 

releasing physical dormancy earlier than populations from high rainfall areas (436 – 444 mm). 

After 36 months, maximum seedling emergence from soil was 60% with buried seeds producing 

13 – 34% greater emergence than seeds on the surface. Scanning electron microscopy of the 

seed coat revealed structural differences in the chalazal region of permeable and impermeable 

seeds indicating the importance of this region in physical dormancy breakdown of M. parviflora 

seeds. This study contributes to our knowledge of seed dormancy and germination of M. 

parviflora seeds in Mediterranean-type climates and highlights the benefit in understanding 

these characteristics for development of suitable weed control strategies.  

 

Additional keywords. Malvaceae, water-impermeable, seed coat, weed 

 

Introduction 

Malva parviflora L. (Malvaceae) is rapidly becoming a serious weed of Australian farming 

systems due to changing farming practices, such as minimum tillage, and its tolerance to many 

herbicides including glyphosate (Wu and Dastgheib 2001). Yet there has been little research on 

M. parviflora in the past and many aspects of its biology and ecology are unknown. The 
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cropping region of southern Australia has a Mediterranean-type climate, characterised by mild 

wet winters and hot dry summers (Dunbabin and Cocks 1999). Species adapted to this 

environment avoid seed germination during the occasional summer rainfall events when 

seedlings would perish under high summer temperatures and drought. The release of seed 

dormancy must be a timely response to ensure that most seeds will be able to germinate during a 

period that is likely to be optimal for plant survival.  

Seed dormancy in Malvaceae species is caused by a water impermeable seed coat that prevents 

water uptake to the embryo, classified as physical dormancy (Baskin and Baskin 2004) or 

hardseededness. Malvaceae is one of only 15 angiosperm families known to contain this type of 

seed dormancy (Baskin and Baskin 1998). The tissue responsible for impermeability in 

Malvaceae species develops from the exotegmen, which is the outer epidermis of the inner 

integument (Corner 1976). In the chalazal region of the exotegmen, the palisade layer is 

discontinuous and its shape differs between the two Malvaceae tribes, Malveae and Hibisceae. 

Malveae species Abutilon theophrasti (Winter 1960), Sida rhombifolia (Seal and Gupta 2000) 

and Abelmoschus esculentus (Serrato-Valenti et al. 1992) all have a slit-shaped discontinuous 

region, whereas the Hibisceae species Gossypium has a small, pore-shaped chalazal 

discontinuity (Simpson 1940). Malva parviflora, part of the Malveae tribe (Corner 1976), is 

therefore likely to contain a slit-shaped discontinuity in the chalazal region. It is thought that the 

breakdown of physical dormancy in hard Malvaceae seeds is linked to water penetration in the 

chalazal region (Serrato-Valenti et al. 1992; Seal and Gupta 2000).  

Environmental factors known to alter seed coat impermeability of hardseeded species, such as 

high fluctuating temperatures, fire, drying, freezing/thawing and passage through the digestive 

tract of animals (Baskin and Baskin 1998), have been examined in several Malvaceae species. 

Temperature fluctuations >15oC remove physical dormancy and allow germination of 

Heliocarpus donnell-smithii (Vazquez-Yanes and Orozco-Segovia 1982). Diurnal temperature 

fluctuations (60/15oC) are typical of soil surface temperatures over summer in the Western 

Australian agricultural region (Taylor and Ewing 1992) and are imperative in releasing physical 

dormancy of hardseeded Leguminosae (Taylor and Ewing 1992; Smith et al. 1996; Norman et 

al. 2002). This indicates that fluctuating temperatures may also be important in the dormancy 

breakdown of M. parviflora seeds. Fire (Baskin and Baskin 1997) and smoke (Adkins and 

Peters 2001) (Malvaceae) improve germination in physically dormant Iliamna and Malva 

neglecta seeds respectively, whilst digestion of hardseeded M. parviflora seeds by sheep 

resulted in <5% dormancy release of the 20% of seeds fed that survived (Michael et al. 2006b). 

In addition to physical dormancy, it has been suggested that physiological dormancy also occurs 

in M. parviflora and the presence of endogenous inhibitors in the embryo (Sumner and Cobb 

1967) prevents germination of permeable seeds. However, this experiment did not test seed 

viability and thus it is unknown whether seeds were actually dormant or dead. Physiological, or 
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embryo based dormancy is observed in Abutilon theophrasti (Malvaceae) as seeds remain viable 

but do not germinate immediately after the seed coat is broken (Egley and Chandler 1978; 

Lueschen and Anderson 1980; Warwick and Black 1985). This type of response is termed 

combinational dormancy, being a combined effect of physical and physiological dormancy 

(Baskin and Baskin 2004).  

The aim of this study was to investigate Malva parviflora seed germination, dormancy and 

emergence. Firstly, the range of temperatures suitable for germination of mature scarified seeds 

from four diverse populations and the requirement for light was examined. Secondly, the effect 

of constant and alternating temperatures on dormancy release of seeds from the four populations 

was determined. The structural differences between chalazal regions of permeable and 

impermeable seeds were compared using scanning electron microscopy. Finally, seedling 

emergence of the four populations from different soil depths was monitored in the field over a 

three year period in order to validate laboratory results.  

Materials and Methods 

Plant material 

Mature desiccated Malva parviflora seeds were collected during November 2001 and 2002 from 

livestock yards of four locations in the Western Australian agricultural region (wheatbelt); 

Mingenew, Morawa, Wagin and Hyden (Figure 1). Sites were chosen to represent contrasting 

environments, with each site from diverse rainfall and temperature regions. Seeds were 

extracted from their schizocarps using a rubber corrugated tray and block and stored in paper 

bags at room temperature (20 ± 5oC, ca 45% RH) in the laboratory until required. Seeds 

collected in 2001 were used in the emergence study, whereas seeds collected in 2002 were used 

for all other experiments. 

Germination response to temperature, light and storage 

Using all four seed populations, the effect of temperature on germination ability was 

investigated. Seeds were placed in Petri-dishes containing 1% (w/v) solidified agar-water with 

added fungicide (1.5% Previcure) and incubated at a range of temperatures; 5oC, 10oC, 15oC, 

20oC, 25oC, 30oC, 37oC and alternating 25/15oC (light/dark, 12 h daily photoperiod of 30-60 

μmolm-2s-1, cool white fluorescent light). Unless otherwise stated, three replicates of 50 seeds 

were used. Seed coats were manually scarified using rabbit toothed tweezers to allow seed water 

uptake before being placed on agar. Germination (protrusion of the radicle) was recorded after 4 

weeks incubation. Ungerminated seeds were placed into a 1% (w/v) 2,3,5-triphenyl tetrazolium 

chloride solution at 30oC for 18 h in the dark and then observed under a light microscope; 

embryos with complete red staining were deemed viable.  
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The light or dark requirement for germination was examined in seeds from Mingenew. Seeds 

were either manually scarified or left intact (unscarified), placed on agar and wrapped in 

aluminium foil to ensure they did not receive any light. Scarified and unscarified seeds were 

incubated at 10oC, 25oC, 25/15oC and 30/10oC and after 2 weeks germination was recorded and 

seedlings removed. Unscarified seeds were then scarified to allow water uptake and all seeds 

were placed back into incubation for a further 2 weeks. Foil covered plates were unwrapped and 

exposed to light for a maximum of 5 minutes during scoring and scarification. After another 2 

weeks, germination was recorded and any seeds that had not germinated were subjected to the 

tetrazolium seed viability test. 

The effect of seed storage duration on germination was examined in seeds from Mingenew. 

Seeds were either manually scarified or left intact (unscarified), placed on agar and incubated at 

25oC or 25/15oC. Germination was recorded every 3 days for 24   
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Figure 1. Western Australia’s agricultural region indicating the four locations; Mingenew (a) 

Morawa (b), Wagin (c) and Hyden (d). Scale is specified on the map. 
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days. Unscarified seeds were scarified after 12 days of incubation and any seeds that remained 

ungerminated after 24 days were examined for viability using the tetrazolium test. The 

experiment was repeated 24 months later using seeds stored at room temperature (20 ± 5oC, ca 

45% RH) for 24 months.  

Temperature requirements for dormancy release  

The effect of temperature on dormancy release was studied in seeds from the four populations. 

Seeds were sealed inside foil bags (100 per bag) to prevent water entry and placed in controlled 

incubators at 37oC or 50/20oC, or on the soil surface (Perth) with a shallow covering of 2 mm 

soil. Additional seeds from Mingenew were placed in constant temperature incubators at 10oC, 

20oC, 30oC, 50oC, 60oC and 70oC. Every three months over a two year period, three replicate 

bags per population were removed from each temperature regime. Of the 100 seeds within each 

bag, 50 seeds were tested for water content by incubation at 103oC for 17 hours and the 

remaining 50 seeds were tested for germination at 25/15oC as described previously.  

Scanning electron microscopy of seeds 

The structural differences between the chalazal region of permeable and impermeable M. 

parviflora seeds were examined using a scanning electron microscope (Zeiss FEG VPSEM). 

Dry seeds from Mingenew kept at 50/20oC and 37oC for 24 months were used. Seeds were fixed 

in 2.5% glutaraldehyde in 0.05 M phosphate buffer (pH 7) for 24 hours, dehydrated using a 

series of acetone solutions, dried to critical point and then gold coated prior to examination. 

Microscope settings were as follows: 832 magnification, 30 pm aperture size, 1.32e-010 Torr.  

Seedling emergence from two different soil depths 

A field site was chosen at the University of Western Australia’s Shenton Park Research Station 

based on uniformity of soil and no previous M. parviflora populations. Seedling trays (28 x 34 

cm) were arranged into a randomised block design of three blocks containing eight trays each. 

Each tray was buried so that the upper 2 cm of the tray sides remained exposed. Two seed lots 

(200 seeds each) of each population were placed within each block, with one scattered on the 

surface of the soil in the tray, and the other buried 2 cm deep. Emergence of seedlings within 

each tray was recorded every three months for 36 months. There was no reticulation or 

fertilization at the field site and soil maximum and minimum temperatures and rainfall were 

recorded throughout the experiment (Australian Bureau of Meteorology 2005) (Figure 2). 

Germination and emergence data were analysed using analysis of variance and Tukey’s multiple 

comparison test (P<0.05) in GenStat (7th Edition, VSN International Ltd).  

Results 
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Germination response to temperature and light 

The majority of seeds (>57%) from all four populations were able to germinate at every 

temperature examined (5 – 37oC) (Figure 3). Germination was consistently high in seeds from 

the two southern populations, Wagin and Hyden (>85%), although noticeable seed death (15%) 

occurred at 37oC. Germination of seeds from Mingenew was high (>90%) at 15 – 30oC, but 

reduced at 5 – 10oC (60 – 80%) and 37oC (66%); this was due to seed death at 37oC (34%) but 

at 5 – 10oC seeds remained viable. Seeds from Morawa were more susceptible to fungal 

infection than other populations and consequently had higher levels of seed death (<45%) 

(P<0.05), with viability noticeably declining at incubation ≥ 25oC. Incubation of seeds at an 

alternating 25/15oC regime resulted in germination (96%) similar to that observed at 20oC (94%; 

P<0.05).  

Seeds scarified at either 0 or 12 days after incubation produced high germination regardless of 

whether they were kept in complete darkness or a 12 hourly alternating light/dark environment 

(>93%) (Figure 4). The proportion of seeds that germinated in darkness was similar (94 – 

100%; P<0.05) across temperature or scarification treatments. Germination under alternating 

light occurred gradually for seeds scarified at 0 days (≥ 12 days to reach maximum germination) 

(Figure 4AC) but was rapid for seeds scarified at 12 days (≤ 3 days to reach maximum 

germination once scarified) (Figure 4BD). Storage duration had no effect on germination of 

seeds scarified at 12 days.  However, the germination rate of seeds scarified at 0 days occurred 

more rapidly after storage for two years.  

Temperature requirements for dormancy release  

Fluctuating temperatures (natural and 50/20oC) caused substantial physical dormancy 

breakdown in all four populations during the 2 year storage period (Figure 5BC). Constant 37oC 

was much less effective, with only seeds from Morawa exhibiting any   
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Figure 2. Monthly rainfall (□) and minimum (▲) and maximum (•) soil temperatures at 

Shenton Park, Perth (31.85S, 115.41E) (Australian Bureau of Meteorology 2005).  
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Figure 3. Germination of four populations of mature seeds subjected to seven temperature 

regimes. Populations were collected in November 2002 from Mingenew, Morawa, Wagin and 

Hyden. Within one month of collection seeds were scarified manually and placed on solidified 

water agar at temperatures between 5oC and 37oC (L/D) with a 12-hourly photoperiod. Any 

ungerminated seeds were tested for viability using tetrazolium chloride staining to determine 

whether remaining seeds were viable or dead. Bars indicate 1 s.e. of the mean. 
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Figure 4. Cumulative germination of Mingenew seeds under two temperatures, 25oC (L/D) and 

25/15oC (L/D) with a 12-hourly photoperiod. At each temperature, seeds were subjected to two 

scarification treatments, scarification at 0 days (A,C) and scarification at 12 days (B,D). 

Mingenew seeds subjected to different storage periods under room temperature (20 ± 5oC) were 

used; mature seed stored for 2 months (A,B) and mature seed stored for 2 years (C,D). Any 

ungerminated seeds were tested for viability using tetrazolium chloride staining. Bars indicate 1 

s.e. of the mean. 
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Figure 5. Germination of four seed populations stored at three temperatures, 37oC (A), 50/20oC 

(B) and natural conditions (C). Seeds were retrieved from sealed foil bags every three months 

and germinated on 1% (w/v) solidified agar-water containing Previcure (1.5%) at 25/15oC 

(day/night, 12 hourly photoperiod). After two weeks, germination was recorded and seedlings 

removed. Any non-imbibed seeds were manually scarified and placed back into incubation for a 

further 2 weeks. Germination was again recorded and any ungerminated seeds were tested for 

viability using tetrazolium chloride staining. Bars indicate 1 s.e. of the mean. 



Chapter 4 Seed Science Research 
 

 79 

reduction in dormancy (P<0.05) (Figure 5A). Populations from areas with similar rainfall, but 

contrasting temperature (Table 1) produced similar germination patterns under both fluctuating 

temperatures. At 50/20oC, maximum dormancy release occurred rapidly (<6 months) in seeds 

collected from the more eastern, drier regions, Morawa (100% germination) and Hyden (92% 

germination) (Fig 5B). In contrast, maximum dormancy release occurred much more gradually 

in seeds collected from the western, higher rainfall regions, Mingenew and Wagin, reaching 

only 60% germination by the end of the 2 year storage period. When stored at natural 

temperatures, seeds from the drier areas reached 45 - 55% germination during the first summer 

and 93 - 100% after the second summer period (Figure 5C). In contrast, dormancy release for 

seeds from the two wetter areas was very low in the first year (<16%) but substantially 

increased in the second summer period (89 – 93%). Therefore, although dormancy release rates 

differed, all populations reached similar high levels in the second summer period (>89%).  

No dormancy loss occurred in Mingenew seeds during the 24 months of dry storage at constant 

temperatures (Figure 6). Seeds kept at the cooler temperatures of 10oC, 20oC 30oC and 45oC 

maintained their viability throughout the experiment, however all seeds died after 3 months 

storage at 70oC and 6 months at 60oC.  

Scanning electron microscopy of seeds 

There was an obvious difference in the structure of the chalazal region of water permeable 

(stored at 37oC for 2 years) and impermeable seeds (stored at 50/20oC for 2 years) (Figure 7). 

Water impermeable seeds showed a small slit-like cleft in the centre of the chalazal region 

whereas water permeable seeds revealed a wide fissure in the same area. Only permeable seeds 

imbibed the glutaraldehyde fixative during preparation for microscopic analysis.  

Seedling emergence in soil at two different depths 

Very few seedlings (< 4%) from Mingenew, Wagin and Hyden emerged during the first 

growing season (April – October 2002) (Fig 8). In contrast, a significant proportion (P<0.05) of 

seeds from Morawa emerged from the soil surface (22%) and 2 cm below (40%). Considerable 

emergence in all populations was observed at the beginning of the second growing season (April 

2003) following high fluctuating summer temperatures (Figure 2), although emergence of 

Wagin seeds on the surface remained low. No further  

Table 1 Annual rainfall and mean minimum and maximum temperatures for seed population 

sites. Information sourced from farmer based rainfall records and the Australian Bureau of 

Meteorology (2005).  
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Site Location 
Total 2001 

rainfall  
(mm) 

Total 2002 
rainfall  
(mm) 

Av. 
annual 
rainfall 
(mm) 

Av. daily 
minimum 

temperature 
(oC) 

Av. daily 
maximum 

temperature 
(oC) 

Mingenew 29.13 S 
115.17 E 356.5 343.0 444.8 13.6 25.8 

Wagin 33.31 S 
117.34 E 415.6 353.4 436.1 9.7 22.8 

Morawa 29.02 S 
115.55 E 290.6 171.6 337.8 12.2 27.2 

Hyden 32.41 S 
119.24 E 344.0 220.0 344.0 9.7 24.5 

 

 



Chapter 4 Seed Science Research 
 

 81 

20oC

30oC

P
er

ce
nt

 o
f t

ot
al

 s
ee

d

0

20

40

60

80

100

Dormancy loss
Total germination
Dead 

45oC

60oC

Date of retrevial from storage temp

Ja
n-0

3

Apri
l-0

3

Ju
ly-

03

Oct-
03

Ja
n-0

4

Apri
l-0

4

Ju
ly-

04

Oct-
04

Ja
n-0

5
0

20

40

60

80

100

10oC

0

20

40

60

80

100

70oC

Ja
n-0

3

Apri
l-0

3

Ju
ly-

03

Oct-
03

Ja
n-0

4

Apri
l-0

4

Ju
ly-

04

Oct-
04

Ja
n-0

5

Dormancy loss
Total germination
Dead 

 

 

Figure 6. Cumulative germination of Mingenew seeds stored at six constant temperatures 

between 10oC and 60oC. Seeds were retrieved from sealed foil bags every three months and 

germinated on 1% (w/v) solidified agar-water containing Previcure (1.5%) at 25/15oC 

(day/night, 12 hourly photoperiod). After two weeks, germination was recorded and seedlings 

removed. Any non-imbibed seeds were manually scarified and placed back into incubation for a 

further 2 weeks. Germination was again recorded and any ungerminated seeds were tested for 

viability using tetrazolium chloride staining. Bars indicate 1 s.e. of the mean. 
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Figure 7. Scanning electron microscope (Zeiss FEG VPSEM) photos showing the chalazal 

region of M. parviflora seeds collected from Mingenew and stored at 37oC (A) or 50/20oC (B) 

for 2 years.  
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Figure 8. Cumulative seedling emergence from April 2002 to January 2005 of four populations 

collected November 2001, stored at room temperature for four months and buried at two depths, 

surface (open symbols) and 2cm below ground (filled symbols). Bars indicate 1 s.e. of the 

mean. 
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notable emergence for any population was observed after the second growing season. The 

highest overall emergence occurred in buried seeds from the drier regions, Hyden and Morawa 

(57 – 60%), considerably higher than emergence of seeds from the wetter areas, Mingenew 

(38%) and Wagin (14%). For all populations, buried seeds produced 13 – 34% greater 

emergence than seeds on the surface.   

Discussion 

It is clear from this study that Malva parviflora seeds require high fluctuating temperatures, 

which occur during the summer months in Mediterranean-type climates, to naturally break 

physical dormancy. Constant temperatures between 10oC and 45oC had little effect on physical 

dormancy with SEM pictures revealing an undamaged chalazal region when compared to seeds 

exposed to fluctuating temperatures. The structure of this chalazal region, a slit-like 

discontinuity, was consistent with that observed in other species belonging to the Malveae group 

of Malvaceae (Winter 1960; Serrato-Valenti et al. 1992; Seal and Gupta 2000) and confirms the 

importance of the chalazal region in regulating physical dormancy of Malva seeds. The 

requirement for a period of fluctuating temperatures to break dormancy prevents early 

germination during ‘false breaks’ (summer rainfall), a regular occurrence in Mediterranean-type 

climates, where seedlings would perish through subsequent lack of water availability. No 

successful emergence was observed in the field study during the summer months. Many annual 

species adapted to Mediterranean-type environments depend on physical dormancy to prevent 

germination after summer rainfall or to spread germination between seasons (Taylor and Ewing 

1992; Smith et al. 1996; Dunbabin and Cocks 1999; Norman et al. 2002).  

The two populations collected from the western side of the wheatbelt (Mingenew and Wagin), 

which has higher rainfall, lost physical dormancy more slowly than populations from the eastern 

side of the wheatbelt (Morawa and Hyden), which has lower rainfall. This was found within 

both the field and laboratory experiments, which used seeds collected from the four locations in 

two different years. Further evidence for the reduction in dormancy by low rainfall was 

provided by the seeds from Morawa, which developed under particularly low water levels, and 

were the only population in which some seeds lost dormancy at constant 37oC and emerged 

during the first growing season in the field experiment. It is not possible to determine from this 

study whether a general adaptation to long-term rainfall or the quantity of rainfall during the 

year of seed production was the major factor in determining dormancy status. Indeed, Medicago 

polymorpha seeds that remain hard for longer tend to be produced in wetter areas (Taylor and 

Ewing 1992), and water stress during seed development reduces physical dormancy in 

Gossypium (Carver 1936) and Erodium brachypodium (Stamp 1990) seeds. However, seed 

populations of Trifolium glomeratum (Smith et al. 1996) and Arctotheca calendula (Dunbabin 

and Cocks 1999) from wetter areas have a shorter dormancy release period, and no correlation is 
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observed in the dormancy breakdown of various Trifolium species from wet and dry 

environments (Norman et al. 2002) indicating that responses to rainfall are inconsistent across 

species with physical dormancy and likely to be the product of many complex interactions. 

Further study using a common garden type experiment would be required to distinguish 

maternal developmental effects from genetic influences, but based on the current study 

differences in the emergence profile could be predicted between wet and dry regions of the 

wheatbelt.  

In addition to physical dormancy, this study confirmed the occurrence of minor physiological 

dormancy in M. parviflora seeds. Germination of scarified seeds was gradual over time and 

more pronounced in young seeds, indicating the presence of physiological dormancy. 

Physiological dormancy ultimately prevents all seeds within a population from germinating in 

any particular rainfall event and increases the chance for greater seedling survival, a response 

observed in many species adapted to Mediterranean-type conditions of southern Australian (Bell 

et al. 1993; Bell 1999). Physiological dormancy is typically broken before hard seeds become 

permeable (Baskin and Baskin 1998) but, in the present case, it was still expressed in 2 year-old 

seeds as gradual germination. Intriguingly, physiological dormancy in impermeable seeds was 

greatly reduced by prior incubation on a water medium for 12 days, causing extremely rapid 

germination once scarified, regardless of seed age. Although the seed coat is impermeable, and 

so imbibition is not possible, there appears to have been a response to the high external 

humidity. Perhaps some small amount of humidification is occurring in hardseeded M. 

parviflora, as shown in Ornithopus compressus (Taylor 2004), somehow signalling to the seed 

that germination conditions are not limiting. The possibility of localised and small changes in 

the embryo water content of physically dormant M. parviflora seeds deserves further attention.  

Once physical and physiological dormancy was released, M. parviflora seeds were able to 

germinate over a wide range of temperatures, a common response of species with physical 

dormancy (Baskin and Baskin 1998; Li et al. 1999). Optimum germination was achieved 

between 15-20oC, temperatures associated with the winter rainfall period in south-west Western 

Australia (Turner et al. 2005), which is characteristic of seeds adapted to Mediterranean-type 

climates (Bell et al. 1993). As temperatures increased above the optimal range, germination 

reduced as a result of considerable seed death. Seeds from Morawa were particularly sensitive 

to high temperatures; the severe drought that occurred during seed development would constrain 

reproductive resources resulting in a reduction in seed vigour (Wulff 1995). Whilst germination 

in all populations was inhibited at high temperatures, only germination of seeds from Mingenew 

was suppressed at low temperatures beneath the optimal range. Although Mingenew and 

Morawa have similar average annual minimum temperatures Mingenew has less exposure to 

extreme low temperatures during the growing season (Australian Bureau of Meteorology 2005), 

and therefore with weak selection pressure genotypes capable of germinating at very low 
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temperatures have been lost from the population. Malva parviflora seeds also produced high 

levels of germination in both dark and light regardless of temperature, typical of species with 

physical dormancy which tend to be neither suppressed nor promoted by the presence of light 

(Li et al. 1999; Baskin et al. 2004). This was verified by emergence of buried seeds in the field 

study. However, although M. parviflora seeds have no preference for light or dark conditions 

and can germinate over a wide range of temperatures, and burial exposes seeds to smaller 

amplitudes of fluctuating summer temperatures (Russi et al. 1992) which would result in 

reduced dormancy release,  emergence of seeds was higher when buried 2 cm in soil than on the 

surface. Greater emergence of seeds that were buried may have been caused by a reduction of 

seed numbers on the surface by predation or more consistent water availability when buried 

(Russi et al. 1992; Baskin and Baskin 1998).  

In summary, M. parviflora seeds required high fluctuating temperatures to break physical 

dormancy and seeds germinated across a wide range of temperatures, but were optimal at 

temperatures associated with winter rainfall. The presence of both physical and physiological 

dormancy was confirmed in this study, indicating that M. parviflora seeds have combinational 

dormancy (Baskin and Baskin 2004). There is strong indication of a major influence of rainfall 

on the kinetics of physical dormancy release, with seeds that develop in areas of low rainfall 

exhibiting dormancy that is lost more quickly than seeds that develop in wetter areas. These 

results will enable predictions of the timing and extent of emergence within in a range of 

environments, thereby influencing weed control decisions.  
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Abstract 

Seed development was examined in Malva parviflora. Flowering commenced 51 days after 

germination; flowers were tagged on the day that they opened and monitored for 33 days. Seeds 

were collected at 12 stages during this period and used to determine moisture content, 

germination of fresh seeds and desiccation tolerance (seeds dried to 10% moisture content 

followed by germination testing). Seed moisture content decreased as seeds developed, whereas 

fresh (max 296 mg) and dry weight (max 212 mg) increased to peak at 12 – 15 and 

approximately 21 DAF respectively. Therefore, physiological maturity occurred at 21 DAF, 

when seed moisture content was 16 – 21%. Seeds were capable of germinating early in 

development, reaching a maximum of 63% at 9 DAF, but germination declined as development 

continued, presumably due to imposition of physiological dormancy. Physical dormancy 

developed at or after physiological maturity, once seed moisture content declined below 20%. 

Seeds were able to tolerate desiccation from 18 DAF; desiccation hastened development of 

physical dormancy and improved germination. These results provide important information 

regarding M. parviflora seed development which will aid the development of weed control 

techniques aimed at preventing seed set and further additions to the seed bank.   

 

Additional keywords. Malvaceae, physical dormancy, physiological dormancy, small-flowered 

mallow 

 

Introduction 
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Malva parviflora L. (Malvaceae), small-flowered mallow, is rapidly becoming a serious weed 

of Australian farming systems due to changing farming practices, such as minimum tillage, and 

its tolerance to many herbicides (Wu and Dastgheib 2001). Furthermore, the hardseededness of 

weedy M. parviflora (Michael et al. 2006a) enables it to remain viable for many years in soil 

without germination (Spira and Wagner 1983), making weed control difficult to achieve. 

Physical dormancy, or hardseededness, is imposed by coats or coverings over the embryo such 

as endosperm, testa or pericarp and occurs in 15 angiosperm families (Baskin and Baskin 1998). 

In addition to physical dormancy, a low level of physiological dormancy also occurs in M. 

parviflora seeds (Michael et al. 2006a).  

Generally, in species that exhibit physical dormancy, hardseededness develops during 

maturation drying of the seed, with seedcoats becoming impermeable at moisture contents 

anywhere from 15 (Mai-Hong et al. 2003) to 54% (Cabrera et al. 1995). If seeds are removed 

from the plant once the embryo has matured, but before any drying and impermeability occurs, 

seeds may be expected to be capable of germinating (Baskin and Baskin 1998) though 

germination during seed development is usually prevented by means of physiological dormancy 

via the presence of abscisic acid (ABA) (Bewley and Black 1994). Many species acquire the 

ability to germinate only when the seed switches from a developmental to a germinative mode 

during maturation drying and while this can be induced by removing the seed from the plant 

during development, seeds are not tolerant of drying at every stage during their development 

and will also undergo a transition from desiccation intolerant to desiccation tolerant (Kermode 

and Bewley 1985).  

An understanding of developmental timing of germinability, dormancy and desiccation 

tolerance is important in establishing control techniques of weedy species aimed at preventing 

viable seed set and development. The main objective of this experiment was to study 

germination and dormancy of Malva parviflora seeds at 12 different developmental stages and 

determine the initiation of desiccation tolerance.   

 

 

Materials and Methods 

Plant material 

Mature, desiccated Malva parviflora seeds were collected from Mingenew (29.13 S, 115.17 E) 

in January 2004. After collection, seeds were extracted from their schizocarps using a rubber 

corrugated tray and block and stored in paper bags at room temperature (20 ± 5oC, c. 45% RH) 

until required for experimentation. At the beginning of April 2004, seeds were manually 
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scarified using rabbit toothed tweezers to allow imbibition before they were placed on the 

surface of potting mix (50% mulched pine bark, 25% peat moss, 25% washed river sand) in 18 

cm diameter pots (24 pots, 20 seeds per pot). The pots were kept in a controlled temperature 

glasshouse (29/18oC day/night) at the University of Western Australia and watered and 

fertilized as needed. After germination, seedlings were thinned to one plant per pot. Pots were 

then relocated to an outside area and positioned into two blocks (cohorts) of twelve plants. 

Maximum and minimum temperatures and relative humidity in the locality during the 

experimental period were obtained (Department of Agriculture 2005).  

Seed collection 

Plants started producing flowers 51 days after germination and seed collection began 2 weeks 

later. Using dated string tags, newly open flowers were marked every three days for 33 days and 

all non-tagged open flowers were removed daily to ensure that each tagged flower had flowered 

that day. Tagging of cohort 2 began seven days after cohort 1. Seeds were harvested at 12 

collection stages; 0, 3, 6, 9, 12, 15, 18, 21, 24, 27, 30 and 33 days after flower opening. At each 

collection stage at least 20 flowers containing 10 seeds each were randomly collected from 

amongst the 12 plants within each cohort. Collected seeds were then used to measure moisture 

content (50 seeds), germination (50 seeds) and desiccation tolerance (100 seeds). Moisture 

content was determined by the low constant temperature oven method, where seeds were dried 

in a 103oC incubator for 17 hours. Additionally, observations of colour and size of schizocarps 

and seeds at each developmental stage for cohort 2 were recorded. Colour was determined using 

The Royal Horticultural Society UK (1986) colour chart.  

Germination and development of physical dormancy 

To investigate the ability of fresh seeds to germinate, 50 seeds from each stage were weighed 

immediately after harvest, placed on 1% (w/v) solidified agar-water with added fungicide 

(Previcure 1.5%) and incubated at 25/15oC (day/night, 12hr photoperiod). After two weeks 

germination was recorded and seedlings removed. Any non-imbibed, and thus physically 

dormant, seeds were counted and manually scarified as previously described and placed back 

into incubation for a further two weeks. Germination was again recorded and any ungerminated 

seeds were placed into a 1% (w/v) 2,3,5-triphenyl tetrazolium chloride solution at 30oC for 18 h 

to determine seed viability. Embryos with complete red staining were deemed viable.  

To determine seed desiccation tolerance, 100 seeds from each stage were dried to 10% moisture 

content by placing seeds in an atmosphere of 45% relative humidity created using 86% glycerol 

in an air-tight container (Forney and Brandl 1992) for 3 days. Half (50) of the dried seeds were 

placed on 1% (w/v) solidified agar-water with added fungicide (Previcure 1.5%) and 
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germinability was determined as before. The moisture content of the remaining 50 dried seeds 

was determined by the low constant temperature oven method.  

Results 

Seed development and maturation 

Seed moisture content declined rapidly during development until 21 DAF, with moisture loss 

occurring more slowly thereafter (Figure 1a,b). Seed fresh weight increased rapidly to peak at 

12 (cohort 1) and 15 (cohort 2) DAF, and then declined slowly (Figure 1c,d). Seed dry weight 

also increased with development, reaching a maximum level at approximately 21 DAF (Figure 

1c,d) for both cohorts. Physiological maturation, the point at which seeds attain maximum dry 

weight (Bewley and Black 1994), therefore occurred at 21 DAF with seed moisture contents of 

21% (cohort 1) and 16% (cohort 2). Tagging was initiated seven days later in cohort 2, so seeds 

experienced higher temperatures and lower relative humidity during development and 

consequently greater water stress (Baskin and Baskin 1998), than cohort 1 (Figure 2). These 

seeds dried more rapidly than cohort 1 and had lower moisture contents at each development 

stage.   
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Figure 1  Moisture content (▲), fresh weight (■) and dry weight (□) of developing Malva 

parviflora seeds from cohort 1 (a,c) and cohort 2 (b,d). 
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Figure 2 Temperature (a) and relative humidity (b) during the experimental period (Department 

of Agriculture 2005). Dotted lines in the figures show maximum (---) and minimum (). Arrows 

on the lower part (b) indicate the period of seed development for cohort 1 () and cohort 2 (---).  
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Observations were made of colour and size during development of cohort 2; the seed coat 

colour of young seeds changed from white to green-white during early development (0 - 15 

DAF), becoming brown at 18 DAF (Table 1). Similarly, large changes in schizocarp colour and 

width were observed until 18 DAF, with only schizocarp width increasing slightly after this 

time. 

Germination and development of hardseededness 

Seeds were capable of germinating early in development, with 63% germinating at 9 DAF in 

cohort 1 without any need for scarification (Figure 3a). This germinable proportion gradually 

reduced to reach zero at physiological maturity (21 DAF). No evidence of early germinability 

was observed for cohort 2 (Figure 3b). Seeds developed an impermeable seedcoat, which 

required scarification to enable seed imbibition, earlier in cohort 2 (21 DAF) than in cohort 1 

(30 DAF) (Figure 3c,d). All impermeable seeds had a seedcoat that was dark brown in colour 

(Table 1; cohort 1 data not shown). After scarification, germination was higher in cohort 2 (max 

53% at 33 DAF) than cohort 1 (max 17% at 33 DAF). There was a strong relationship between 

physical dormancy and moisture content (R2 = 0.945, P<0.001) with the proportion of seeds 

having an impermeable seedcoat increasing as moisture content reduced during development on 

the plant (Figure 4). Physical dormancy did not occur in seeds containing ≥ 20% moisture 

content.  

Seeds were unable to survive removal from the plant and drying to 10% moisture content prior 

to 18 DAF. Desiccation of seeds of both cohorts collected at or after 18 DAF caused the 

development of an impermeable seedcoat which required scarification to enable germination 

(Figure 5; cohort 2 data not shown).  Maximum germination at 33DAF in cohort 1 was higher 

for seeds that had been dried (80%, Figure 5a) than for fresh seeds (17%, Figure 3a).  

Discussion 

Physiological maturity in M. parviflora was reached around 21 DAF when seed moisture 

content was between 16 – 21%. This is similar to other hardseeded species also belonging to 

Malveae tribe (Malvaceae) as physiological maturity is reached 12 to 16 DAF in Sida spinosa 

(Egley 1976), 16 to 18 days in M. pusilla (Abdullaeva 1966) and 19 days in Abutilon 

theophrasti (Winter 1960). The complete loss of green colour in the seed and schizocarp 

signalled the onset of physiological maturity in cohort 2, an  
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Table 1 Colour and size of freshly harvested Malva parviflora seeds and schizocarps from 

cohort 2 between 0 to 33 days after flowering. Standard errors were <5% of the mean. Colour 

codes derived from The Royal Horticultural Society Colour Chart (1986).  

 

 SEED SCHIZOCARP 

Stage Colour Average     
width (mm) Colour Average 

width (mm) 

0 White 155D 0.67  Green 141B 1.70 

3 White 155D 0.89 Green 141D 2.56 

6 White 155D 1.57 Green 142C 4.14 

9 Green-white 157D 1.62 Yellow-green 145B 4.29 

12 Green-white 157D/   
Green 140D 1.68 Greyed-green 192A 4.40 

15 Green-white 157D/  
Green 140D 1.78 Greyed-green 192A/    

Grey-brown 199C 4.87 

18 Brown 200D 1.78 Grey-brown 199C 4.87 

21 Brown 200D 1.78 Grey-brown 199C 5.98 

24 Brown 200C 1.78 Grey-brown 199B 6.10 

27 Brown 200B 1.78 Grey-brown 199B 6.10 

30 Brown 200A 1.80 Grey-brown 199A 6.10 

33 Brown 200A 1.78 Grey-brown 199A 6.12 
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Figure 3  Germination (a.b) and hardseededness (c,d) of freshly harvested M. parviflora seeds 

from cohort 1 (a,c) and cohort 2 (b,d). Hardseededness is depicted by a symbol (■), whereas the 

bar graphs indicate the proportion of seeds able to germinate with and without scarification. 
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Figure 4  Relationship between seed moisture content (%) and hardseededness (%) of Malva 

parviflora for cohort 1 (□) and 2 (■). The solid line denotes the negative linear relationship (y = 

-6.1592x + 127.83, R2 = 0.945, P<0.001) between seed moisture content and hardseededness for 

both cohorts.  
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Figure 5  Germination (a) and hardseededness (b) of cohort 1 M. parviflora seeds dried to 10% 

moisture content. The white bar graph indicates the proportion of seeds that required 

scarification to germinate. 
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indicator common in the pods of legumes (Samarah et al. 2004). Similar to other hardseeded 

species, maturation occurs after maximum seed size is reached (Cabrera et al. 1995). 

Fresh M. parviflora seeds were capable of germinating before physiological maturity was 

reached, with 63% of seeds germinating when collected from the plant only 9 DAF in one 

cohort. However, germinability prior to physiological maturity was not observed in the second 

cohort. Germination of immature seeds in physically dormant species is highly variable, from 

80% in Sida spinosa (Egley 1976), 33% in Vicia sativa (Samarah et al. 2004), 23% in Vigna 

unguiculata (Cabrera et al. 1995), and 0% in Peltophorum pterocarpum (Mai-Hong et al. 2003). 

Maturation is not an essential process for the acquisition of germinability, as isolated seeds will 

germinate from an early stage of development if removed from the plant and placed on a water 

medium (Bewley and Black 1994) suggesting that the maternal tissues, rather than the embryo 

itself, suppresses or delays germination. Abscisic acid (ABA) is recognized as the primary 

mediator of seed dormancy, generally increasing in concentration during the first half of seed 

development and then declining during maturation drying, though the concentration is 

influenced by environmental conditions (Bewley and Black 1994). Higher temperatures and 

water stress cause earlier peaks in ABA content followed by sharper declines in Triticum 

(Goldbach and Michael 1976) and Sorghum bicolor seeds (Benech-Arnold et al. 1991). 

Therefore the considerable differences in germination of immature and mature M. parviflora 

seeds between the two cohorts may be a consequence of maternal conditions affecting ABA 

concentration, as seeds in cohort 2, which had lower germination of immature seeds and higher 

germination of mature seeds, experienced higher temperatures and greater water stress than 

cohort 1.  

Seed coat impermeability was initiated as moisture content fell below 20% during development, 

and the proportion of physically dormant seeds increased rapidly as seeds dried further. The 

correlation between decreasing seed moisture and increasing impermeability is common among 

hardseeded species (Cabrera et al. 1995; Egley 1976; Bewley and Black 1994; Baskin and 

Baskin 1998; Mai-Hong et al. 2003). Impermeability was initiated considerably earlier in cohort 

2 than cohort 1, correlating with lower moisture contents earlier in development, most likely due 

to greater water stress during seed development for cohort 2. Water stress has shown contrasting 

effects on hardseeded species with several studies demonstrating an increase in the proportion 

of seeds being physically dormant (Nooden et al. 1985; Clua and Gimenez 2003), and others 

finding a decrease (Carver 1936; Stamp 1990; Michael et al. 2006a). Although the final 

proportion of physically dormant seeds was not determined in this study, over 95% of M. 

parviflora seeds that developed under a range of water stressed environments (50 – 80% of 

average annual rainfall) were physically dormant (Michael et al. 2006a). This suggests that 

although the rate at which seeds develop impermeability is affected by maternal factors on seed 
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moisture content, the proportion of physically dormant seeds within a given M. parviflora 

population is not.   

The ability to tolerate desiccation to 10% moisture content in excised seeds began between 15 – 

18 DAF, a few days before physiological maturity, which is a common response in many 

species (Kermode and Bewley 1985; Mai-Hong et al. 2003). All seeds that survived desiccation 

were also rendered impermeable and required scarification to germinate. In addition, desiccation 

also caused a substantial improvement in germination in comparison to fresh seeds of the same 

developmental age (even taking the 3 day drying period into account), a response similar to that 

found in Vicia sativa (Samarah et al. 2004). It is clear that desiccation, whether natural or 

imposed, plays an important role in switching seeds from developmental to germinative mode 

(Kermode and Bewley 1985). However, in addition to timing of desiccation, the rate at which 

drying occurs is also critical. Tolerance of slow desiccation (4 – 7 days) in Ricinus communis L. 

seeds is gained over only a few days of development and occurs well before maturation, 

whereas tolerance of rapid desiccation over silica gel is not acquired until the seed is near or at 

maturation (Kermode and Bewley 1985). In this study, rapid desiccation tolerance was acquired 

just prior to maturation, so it is possible that if seeds were dried more slowly younger seeds may 

be able to tolerate desiccation, for example when seeds remain attached to shoots cut from roots 

(swathing).  

Whilst each cohort experienced different maternal environments during development, both seed 

maturation and desiccation tolerance occurred at similar developmental stages. Only acquisition 

of impermeability differed, occurring earlier in cohort 2 as a result of more rapid seed drying, 

yet ultimately the proportion of the population that becomes impermeable remains independent 

of environment (Michael et al. 2006a). However, knowledge of the onset of seed 

impermeability within a population is necessary when employing seed control techniques, an 

important part of successful weed management as herbicidal control of M. parviflora can be 

ineffective (Wu and Dastgheib 2001). Techniques such as spray topping (herbicide application 

to developing seeds) (Wallace et al. 1998) and sheep grazing (Michael et al. 2006b) may be 

expected to reduce seed set and viability provided they are applied before impermeability 

develops. In this study, a change in seed colour from green to dark brown was correlated with 

the onset of impermeability; thus application of these techniques when seeds are green is 

essential for optimum control of seed set. 

 

 

 

 

 



Chapter 5 Australian Journal of Experimental Agriculture 
 

 101 

 

 



 

 102 

CHAPTER SIX 
 

 

Sheep rumen digestion and transmission of weedy Malva 

parviflora seeds 
 

Manuscript submitted to Australian Journal of Experimental Agriculture, 

September 2005 

 

Manuscript accepted, March 2006  

 



Chapter 6 Australian Journal of Experimental Agriculture 
 

 103 

Sheep rumen digestion and transmission of weedy Malva parviflora 

seeds 
 

Pippa J MichaelABE, Kathryn J SteadmanAC, Julie A PlummerB & Philip VercoeD 

 
AWestern Australian Herbicide Resistance Initiative, BSchool of Plant Biology and DSchool of 

Animal Science, Faculty of Natural and Agricultural Sciences, University of Western Australia, 

35 Stirling Highway, Crawley, WA 6009, Australia; CSchool of Pharmacy, Division of Health 

Sciences, Murdoch University, Murdoch, WA 6150, Australia 

 
ECorresponding author: Email: pmichael@student.uwa.edu.au 

Abstract 

The effect of sheep digestion and mastication on Malva parviflora seed transmission, viability 

and germination was investigated. Mature M. parviflora seeds were subjected to two seed 

treatments; ‘hard’, where the seed coat was left intact and thus impermeable, and ‘scarified’, 

where the hard seed coat was manually nicked allowing imbibition. Seeds were placed directly 

into the rumen of fistulated sheep and removed at 0, 12, 24, 36 and 48 h after rumen digestion. 

Regardless of in sacco digestion time, at least 92% of hard seeds germinated following 

subsequent scarification. After 12 hours of in sacco digestion in the rumen, the germination of 

seeds that were initially scarified dropped from 99.2% to 1.4% and longer digestion periods 

produced no germinable seeds. In a second experiment hard seeds (29,000) were fed in a single 

meal to fistulated sheep and faeces were collected at regular intervals between 6 and 120 h after 

feeding. Faecal sub-samples were taken to determine number of seeds excreted, seed 

germination on agar and seed germination from faeces. Major seed excretion in the faeces 

commenced after 12 h and continued until 144 h, with peaks between 36 and 72 h after 

consumption. Although mastication and gut passage killed the majority of hard seeds fed, nearly 

20% were recovered intact and over 90% of these recovered seeds were viable and could thus 

potentially form an extensive seed bank. A few digested seeds (1%) were able to germinate 

directly from faeces, which increased to a maximum of 10% after subsequent dry summer 

storage (3 months). Through information gained in this study, there is a potential to utilise 

livestock in an integrated weed management program for the control of M. parviflora provided 

additional measures of weed control are in place such as holding periods (>7 days) for 

movement of livestock from weed infected areas.  

Introduction 
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Malva parviflora L. (small-flowered mallow) (Malvaceae) is a common weed of pastures and 

wastelands and its distribution has increased rapidly throughout Australia during the last decade. 

Control of M. parviflora with herbicides such as glyphosate is often unsatisfactory (Wu and 

Dastgheib 2001) and changing farming practices, such as minimum tillage, have facilitated its 

spread. Malva parviflora seeds possess a hard impermeable seed coat that prevents water uptake 

to the embryo and inhibits seed germination (Michael et al. 2006a). The tissue responsible for 

mechanical resistance in Malvaceae seeds is a layer of palisade cells that develops from the 

exotegmen, the outer epidermis of the inner integument (Corner 1976). This causes the seed to 

remain physically dormant, or hardseeded, until some factor(s) renders the seed coat permeable 

to water. These factors may include periods of fluctuating or high temperatures, 

freezing/thawing, drying and fire (Baskin et al. 2000).  

Livestock can ingest many seeds when grazing pastures and consuming hay, silage or grain 

products (Blackshaw and Rode 1991). Seeds that are able to survive digestion and remain viable 

may be advantageous in the farming system through the spread and maintenance of a desirable 

pasture species such as annual Trifolium (clover). However, sheep manure has the potential to 

contribute up to 10 million weed seeds per hectare into the seed bank (Dastgheib 1989).  

Researchers have found that seed survival with passage through animals is related to the degree 

of hardseededness in addition to seed size (Simao Neto et al. 1987; Gardener et al. 1993ab; 

Squella and Carter 1996).  The hardseededness of some weedy Malva species as well as their 

small size allows a significant proportion of seeds to survive digestion in horses and birds. Up to 

700 live M. parviflora seeds can be passed daily through a horse. Seed recovery from horse 

manure peaks three to five days after seed consumption and gradually declines until 13 days 

when no further seeds are recovered (St John-Sweeting and Morris 1990). In birds, the 

maximum interval between seed indigestion and recovery of the last viable M. parviflora seed 

ranges from 7 hours in geese to 152 hours in killdeer (Proctor 1968).  There is no information 

on the survival rates or quantities of M. parviflora seeds transmitted through sheep.  

Sheep are ruminants and have the ability to regurgitate their food from the first part of the 

stomach and re-chew it to further reduce particle size. They also possess a stomach composed of 

four compartments; rumen, reticulum, omasum and the abomasum (the true stomach), with 

microbial fermentation occurring mainly in the rumen and, to a smaller extent, the reticulum 

(Stevens and Hume 1995). The micro-organisms involved in this fermentation are able to digest 

compounds, such as cellulose (major constituent of plant cell walls), that the sheep cannot digest 

itself and thus they live in a symbiotic relationship, providing nutrients to each other. The 

objective of this investigation was to study the effect of sheep digestion and mastication 

processes on M. parviflora seed transmission, viability and germination. It is hypothesised that 

the small seeds of M. parviflora could only survive sheep digestion if they possess an 

impermeable hard seed coat. Furthermore, as sheep are ruminants, it is likely that a high 
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proportion of seeds would be destroyed during the mastication process and thus sheep could be 

potentially utilised as an effective weed management tool in farming systems.  

Materials and Methods 

Plant material 

Mature desiccated Malva parviflora seeds were collected from Mingenew (29.08S, 115.29E) in 

March 2003 and 2004, and stored at room temperature (20 ± 5oC) in paper bags during seed 

cleaning.  

In sacco digestion in the rumen of fistulated sheep 

Schizocarps collected in March 2003 were crushed between a corrugated rubber tray and block 

to release seeds from their schizocarps and mericarps and then divided into 18 lots of 250 seeds. 

Nine of the 18 seed lots were ‘scarified’ by nicking the impermeable hard seed coats using 

rabbit-toothed tweezers to allow imbibition. The other nine lots were not scarified and left 

‘hard’ and so seeds were impermeable and unable to imbibe water. Sixteen of the 18 seed lots 

were placed into nylon bags (6 x 6 cm) along with a heavy galvanised bolt and sewn shut using 

fishing line. Each seed bag was attached to a length of fishing line (40 cm) that was connected 

to one of two small steel rings with four scarified and four hard seed bags per ring. The 

remaining two lots, one of scarified and one of hard treated seeds, were used for a germination 

test of undigested seeds (control).  

Two adult fistulated merino sheep were fed a daily standard basal diet of oaten chaff and lupins 

free of M. parviflora seeds (750 g hay chaff and 250 g lupins) for 2 weeks prior to the 

commencement of the experiment to allow acclimation to the diet. The sheep were kept in 

individual metabolism crates at the University of Western Australia’s Animal House. The seed 

bags were placed into the rumen of fistulated sheep (eight bags per sheep) at 1900h, with the 

ring positioned on the outside of the bung. Every 12 hours for 48 hours, one bag of scarified and 

one of hard treated seeds were removed from each sheep. Seeds were taken out of their bags and 

left to dry on paper at room temperature for 12 hours before being tested for germination. 

Digestion and transmission through sheep 

Schizocarps collected in March 2004 were left intact so that seeds were still in their mericarps 

and three 115 g samples were weighed for use in the experiment. Percentage hardseededness, 

germination, viability and weight (1000 seed) of M. parviflora seeds was determined before the 

experiment commenced. Hardseededness was measured by a lack of seed imbibition and 

swelling when placed on 1% (w/v) solidified agar-water. Nine sub-samples of 50 schizocarps 

were used to determine the proportion of seeds in a schizocarp sample. Three adult fistulated 
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merino sheep were fed a standard basal diet for 2 weeks prior to the experiment to allow 

acclimation to the diet. After the acclimation period, 115 g of M. parviflora schizocarps were 

fed to each sheep as a single meal at 0800 h. Uneaten schizocarps were weighed before normal 

feeding resumed at 1400 h. The sheep were kept in individual metabolism crates and fitted with 

faecal collection bags to allow collection of all faeces between sampling times. Sheep were 

weighed at the beginning and end of the experiment.  

Faeces were removed from the collection bags at 6, 12, 24, 36, 48, 72, 96 and 120 hours after 

feeding. At each collection time, total faeces was weighed and three sub-samples taken (1 x 20 g 

and 2 x 100 g). The 20 g sample was weighed, dried at 100oC for 48 h, and then weighed again 

to determine the moisture content of the faeces. A 100 g sample was washed and sieved (1 mm), 

air dried overnight, and aspirated to remove organic matter. Seeds recovered were counted and 

tested for germination. The remaining 100 g sample from the main faecal collection was used 

for direct measurement of seedling emergence from moist faeces. Wet samples equalling 20 g 

dry weight were placed on the surface of pots in a controlled temperature glasshouse (29/18oC 

day/night). The pots were filled with 11 cm of sand, then a 1 cm thick layer of faeces followed 

by <0.5 cm of sand, and placed in trays filled with 5 cm of water to keep the faeces constantly 

moist. Seedling emergence was recorded for 8 weeks. After this period, pots were stored outside 

under a rain shelter and kept dry over summer to simulate drought. The following year, March 

2005, pots were moved back into the controlled temperature glasshouse (29/18oC day/night), 

remoistened as before and seedling emergence recorded for a further 8 weeks.  

Microscopic analysis 

A sample of digested and non-digested seeds were embedded in glycol methacrylate (GMA), 

sectioned and analysed under a light microscope. Sections were stained with 0.05% toluidine 

blue and 1% amino black.  

Seed germination 

Seeds were incubated on 1% (w/v) solidified agar-water with added fungicide (Previcur 1% 

v/w) at alternating 25/15oC (12/12 h photoperiod, day/night) for 2 weeks. Germination was 

recorded and hard seeds that failed to imbibe were scarified and left for a further two weeks. 

After this 4 week period, any ungerminated seeds were tested for viability by placing them into 

1% 2,3,5-triphenyl tetrazolium chloride solution for 18 hours at 30oC in darkness and then they 

were examined under a light microscope; complete red staining of the embryo indicated a viable 

seed. Analysis of variance was carried out on germination results and means separated using 

Tukey’s HSD test (Genstat 6th Edition, VSN International Ltd).   

Results 
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In Sacco digestion in the rumen of fistulated sheep 

Only a minor percentage (2.4%) of hard seeds were able to germinate without needing 

scarification at time 0, demonstrating that the seed population used in this study was very 

hardseeded. At time 0, the initial germinability of scarified treated seeds was over 99%. After 12 

hours of rumen digestion only 1.4% of scarified seeds were able to germinate and longer 

digestion periods produced no viable scarified seeds (Table 1). Regardless of rumen digestion 

time, over 92% of hard seeds germinated after digestion when subsequently scarified (P<0.05) 

and few hard seeds (0.9 – 2.1%) were able to germinate without requiring scarification.  
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Table 1  Germination of scarified and hard M. parviflora seeds following rumen digestion by 

fistulated sheep. Scarified seeds were those with seed coats that were manually scarified at the 

start of the experiment allowing imbibition of liquid during rumen digestion. Hard seeds were 

not manually scarified before the experiment thus preventing liquid imbibition during rumen 

digestion. After removal from the rumen, seeds were placed on agar for two weeks and 

germination was recorded. Any hard seeds that had not imbibed after this period were scarified 

and incubated for a further two weeks. After four weeks, all non-germinating seeds were dead 

according to the tetrazolium test. Standard errors are indicated in the table. 

 

Treatment Hours in rumen Germination (%) Germination after 
scarification (%) 

0 99.2 ± 0.88 - 

12 1.4 ± 0.61 - 

24 0 ± 0 - 

36 0 ± 0 - 

Scarified 

48 0 ± 0 - 

0 2.4 ± 1.5 97.6 ± 4.0 

12 2.1 ± 0.7 92.5 ± 1.7 

24 1.9 ± 0.8 92.0 ± 0.5 

36 0.9 ± 0.4 92.4 ± 2.2 

Hard 

48 1.0 ± 0.4 93.0 ± 1.4 
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Sheep transmission and recovery 

The initial Malva parviflora seed population used in this experiment was largely hardseeded (97 

± 2 %) and over 98% viable. Each of the three sheep consumed approximately 29,000 hard 

seeds, over 99% of the initial quantity provided in the feed (Table 2). Only one seed was 

excreted at both 6 and 12 h after consumption (Figure 1). The majority of seeds were excreted 

after 12 h and continued until 144 h, following a right-skewed normal distribution pattern. 

Highest seed recovery occurred between 36 and 72 h after consumption. The large standard 

errors were a result of differences between the seed recovery of individual sheep. The heaviest 

sheep (75 kg) had the highest seed recovery (28%), whereas the other two smaller sheep had 

lower seed recovery (14% and 17%). Total daily faecal output was stable throughout the 

experiment and was on average 400 g (DW) per day (Table 3). Overall, nearly 20% of seeds 

were recovered intact (Table 2) and the remaining 80% of seeds were presumably crushed and 

digested by the sheep.  

A small proportion of seeds recovered were able to germinate on agar without needing manual 

scarification (Figure 2), with peaks occurring at 36 and 48 hours (8%) substantially higher 

(P<0.05) than the control, 0 hours (0.7%). The majority (70%) of intact seeds recovered 

between 6 and 120 hours did not imbibe on agar and were only able to germinate after manual 

scarification, indicating that most seeds excreted intact had remained hardseeded during 

transmission through the sheep. Approximately 90% of total seeds recovered between 6 to 120 

hours were viable and able to germinate, whether through manual scarification or not. Seeds 

recovered at 144 hours, however, had considerably lower viability (53%) and germination 

following scarification (51%).  

A maximum of just 1% of M. parviflora seeds excreted from sheep between 24 and 48 hours 

were able to germinate directly from wet faeces within the immediate 8 week period (results not 

shown). This was substantially lower than germination produced on agar from seeds that did not 

require manual scarification (8%). Seedling emergence after further storage over the summer 

period reached a peak of 10% at 120 hours after consumption, although minor germination 

occurred at all other times (< 2%).  

There were noticeable differences between undigested live seeds and digested live and dead 

seeds (Figure 3). The tegmen (inner integument), composed of the exotegmen (lignified palisade 

cells and mesophyll cells) and the endotegmen, was found intact and  
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Table 2  Average weight of sheep (at beginning) and seeds consumed, number of seeds 

consumed, number of seeds recovered and percent seed recovery. Sheep weight was unchanged 

at the end of the experiment. Standard errors are indicated in the table.  

 

 
Sheep weight 

(kg) 

Weight of 
seeds 

consumed (g) 

Number of 
seeds 

consumed 

Number of 
seeds 

recovered 

Recovery 

(%) 

Av. 68 ± 4.1 114.2 ± 0.5 28987 ± 121 5772 ± 1350 19.9 ± 4.6 
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Figure 1  Number of Malva parviflora seeds recovered from sheep faeces over time since 

consumption. At each collection time, a 100 g sample was washed and sieved (1 mm), air dried 

overnight, and aspirated to remove organic matter. Seeds recovered were then counted and 

germinated. Bars indicate standard errors of the mean. 
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Table 3  Hourly and daily average faecal weights during the period of M. parviflora seed 

recovery. The sheep were kept in individual metabolism crates and fitted with faecal collection 

bags to ensure collection of all faeces between sampling times.  

 

Day Hour 
Average hourly 

dry weight (g) 
Standard error 

Average daily 

dry weight (g) 

6 120.04 10.84 
1 

12 98.58 13.54 
398.16 

24 179.54 30.74 
2 

36 183.80 6.41 
375.31 

3 48 191.52 6.41 400.2 

4 72 400.20 24.62 411.45 

5 96 411.45 40.22 395.50 

6 120 395.50 40.30 397.32 

7 144 397.32 29.37 396.32 
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Figure 2  Germination of Malva parviflora seeds following transmission through sheep and 

collected from faeces excreted at times indicated post-consumption. Seeds were incubated on 

1% (w/v) solidified agar-water containing fungicide (Previcur 1.5%) at an alternating 25/15oC 

(day/night, 12/12 h photoperiod) for 2 weeks. Germination was recorded and hard seeds that 

failed to imbibe were scarified and left for a further two weeks. After this 4 week period, any 

ungerminated seeds were tested for viability using tetrazolium staining. Bars indicate standard 

errors of the mean for 3 replicate sheep. 
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Figure 3  Light microscope pictures of digested and undigested Malva parviflora seed. 

Numbers denote seed sections of 1) undigested live, 2) digested live, 3) digested dead, 4) 

digested live embryo, and 5) digested dead embryo. Structural components are indicated; testa 

(tes), exotegmen composed of palisade cells (pl) and mesophyll (mes), endotegmen (end), 

embryo (emb), storage proteins (sp), cell wall (cw) and denatured cells (den). Structural 

definitions were derived from Corner (1976). Seeds were embedded in Glycol Methacrylate 

(GMA), sectioned and analysed under a light microscope. Sections 1, 2 and 3 were stained with 

0.05% Toluidine Blue and sections 4 and 5 with 1% Amino Black. 
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undamaged in all seeds, regardless of digestion or viability. However, the testa (outer 

integument) was absent in digested seeds. Embryos of undigested and digested live seeds had 

clearly defined cell walls and storage protein bodies, whereas the embryos of dead digested 

seeds had denatured and no distinctive cells were present.   

Discussion 

The majority of hard Malva parviflora seeds were killed by mastication, digestion and gut 

passage by sheep. However, a considerable proportion (~20%) of seeds survived, and is 

therefore likely to be dispersed by moving livestock. The excretion of viable seeds by sheep 

over time would allow long distance dispersal both throughout the farming system and beyond, 

accelerating the spread and colonisation of this weedy species in Australia.  

Generally, only hard M. parviflora seeds with an impermeable seed coat could survive rumen 

digestion as the seed coat prevented any fluid from the rumen entering the embryo. The 

mechanical layer of the seed coat in Malvaceae, the exotegmen, is composed of palisade cells 

that have been lignified (Kumar and Singh 1991), a compound which acts as a physical barrier 

to microbial enzymes and therefore is not easily digested (Moore and Jung 2001). The hard 

impermeable seed coat of M. parviflora protects the embryo from chemical and enzymatic 

scarification (Sumner and Cobb 1967), which enabled seed survival for up to 48 hours of rumen 

digestion. Histological analysis of recovered M. parviflora seeds showed some structural 

damage had occurred to the seed coat of digested seeds when compared to undigested seeds. 

However this damage was inconsequential as, although the testa had been removed in digested 

seeds, the tegmen containing the mechanical layer was unaffected.  

Final seed recovery from faeces (20%) was a small fraction of the original amount of seeds 

ingested but typical of seed recovery in hardseeded Mediterranean species. Recovery of 10 

Medicago species from sheep varied from 1.9% to 27.8% and recovery of three Trifolium 

species ranged from 23% to 60% (Thomson et al. 1990). For five hardseeded species from 

central Spain, the percentage of defecated seeds recovered from sheep varied from 10 to 23% 

(Manzano et al. 2005). Variation in seed recovery may be due to a variety of factors such as 

individual sheep and seed characteristics, the initial amount of seed fed and level of 

hardseededness. The pattern of seed excretion was also similar to previous studies (e.g. Simao 

Neto et al. 1987; Gardener et al. 1993a, Russi et al. 1992; Stanton et al. 2003). Seeds were 

excreted over a period of time with the majority of seeds being emitted within the first few days, 

followed by a gradual decrease in seed excretion over the following days. As most hard seeds 

could survive rumen digestion, it is most likely that the seeds not recovered in the transmission 

study (80%) were destroyed through mastication and regurgitation.  
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The majority of M. parviflora seeds recovered from faeces were hardseeded and required 

manual scarification in order to germinate. At least 75% of Echium plantagineum seeds 

recovered from grazing sheep were hardseeded and less than 2% of the ingested seeds 

germinated without requiring manual scarification (Piggin 1978). Similarly, a small but 

important percentage of M. parviflora seeds recovered at 36 and 48 hours after ingestion, from a 

population that was primarily hardseeded (96%), were able to germinate without needing to be 

scarified. This suggests that during digestion the impermeable hard seed coat of these seeds 

scarified without detriment to the embryo enabling imbibition and germination following 

excretion. It is unlikely that this breakdown in physical dormancy occurred in the rumen as there 

was no evidence for a difference in non-scarified germination between undigested (control) and 

digested hard seeds when held in fistulated sheep rumens, and therefore may occur by 

mastication. The stimulation of germination in hardseeded species after animal digestion has 

been well documented (Thomson et al. 1990; Russi et al. 1992; Sanchez and Peco 2002; 

Manzano et al. 2005). For most species, this is not the major cause of physical dormancy loss, 

with other environmental factors playing a more important role, such as fluctuating 

temperatures in M. parviflora (Michael et al. 2006a).  

Few M. parviflora seeds were able to emerge in wet faeces suggesting that the faecal 

environment may have inhibited germination. The presence of aerobic fermenting micro-

organisms in fresh faeces markedly reduces the viability of non-hardseeded legume seeds with 

no effect on those that are hardseeded (Simao Neto and Jones 1986). However, faeces addition 

to soil has a positive effect on Lavandula stoechas seed establishment, perhaps due to increased 

fertilization of nutrient depleted soils (Sanchez and Peco 2002). An increase in emergence 

occurred for seeds recovered 120 hours after ingestion following exposure to summer 

conditions. Malva parviflora seeds break physical dormancy after exposure to hot fluctuating 

temperatures during summer (Michael et al. 2006a), explaining this rise in germination. Yet 

emergence for seeds recovered at other digestion times was much lower, most probably a result 

of faecal storage time and seed death. Long periods of faecal storage reduce weed seed viability 

due to heat, toxic gases and acids generated by the faeces (Rupende et al. 1998). The majority of 

seeds were unlikely to be dormant after summer, as hardseededness in M. parviflora is greatly 

reduced after fluctuating temperatures (Michael et al. 2006a).  

Although only a small proportion of hard seeds can survive sheep digestion and of these just a 

few can emerge from faeces, M. parviflora has the potential to disperse throughout farming 

systems and create new infestations. Due to its inbreeding nature (Michael et al 2006), only one 

seedling is required to establish a population in a new area and allow the weed to successfully 

invade and colonise. Sheep are regularly transferred throughout Australian farming systems and 

could spread viable weed seeds not only within individual farms, but throughout whole 

agricultural regions. Stock grazing of the weedy Echium plantagineum L. species has also been 
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responsible for much of the spread of this species in Australia (Piggin 1978). Nonetheless, 

information derived from this study can be effectively employed to allow the incorporation of 

sheep into integrated weed management programs. Viable hard M. parviflora seeds can be 

transmitted though sheep, with the majority being excreted within three days, although some 

seeds were recovered up to 7 days after initial seed ingestion. Seed survival during digestion is 

primarily due to the presence of a hard impermeable seed coat that protects the embryo from 

microbial attack and acidic conditions. The proportion of hardseededness within any M. 

parviflora weed population depends largely on plant and seed development stage (Michael et al. 

2006), so the risk of spreading viable seeds is very low if sheep graze only on immature plants 

and seeds. The palatability of M. parviflora to sheep at different plant and seed development 

stages is unknown and research is needed. It should be noted that the consumption of very large 

quantities of M. parviflora vegetation (1.4-5.5 kg/day) in addition to forced running may cause a 

potentially fatal condition, ‘staggers’, in sheep, horses and cattle (Everist 1974; Bourke 1995). 

Implementation of sheep grazing into an integrated weed management program could 

potentially be successful in controlling the density and spread of M. parviflora. Holding 

livestock in a contained area for at least 8 days before relocation would also prevent the 

dispersal of viable hard M. parviflora seeds to other areas of the farming system.  
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Chapter Seven: General Discussion 

This study has contributed significantly to our understanding of the ecology and seed biology of 

weedy Malva parviflora in the Mediterranean-climatic wheatbelt region of Western Australia. 

In the past, there has been a distinct lack of knowledge of M. parviflora and Malva species 

generally, both in Australia and around the world. However, with its escalating presence in 

many Mediterranean-climatic agricultural systems such as California, knowledge gained in this 

thesis will be of considerable benefit in the development of weed control strategies, both short 

and long term. Chapter 3 determined that the weedy Malva species in Western Australian 

farming systems is M. parviflora, and not a morphologically similar Malva species or hybrid of 

two species. Weed identification is the first and probably the most important step in the 

management of weeds (Sindel 2000). Identification of the weed allows access to available 

international biological and management literature on the species. In the case of Malva 

parviflora, although previous research is very limited, literature on biologically similar species 

in the genus Malva and tribe Malveae was obtained and used to facilitate predictions of 

unknown aspects of the weed.  

This thesis has shown that since its introduction over 140 years ago (Bentham 1863; Barker 

1977) M. parviflora has successfully adapted to the Mediterranean-climatic wheatbelt region, 

with populations naturalised to a wide range of distinct environments across the width and 

breadth of the region (Chapter 3). With origins thought to be in the Mediterranean region (Hanf 

1983; Jessop and Toelken 1986; Makowski and Morrison 1989; Mitich 1990), it is not 

surprising that M. parviflora has thrived and prospered in southwest Western Australia. 

Specifically, this thesis has determined several aspects that have enabled it to flourish in this 

Mediterranean-type environment and most of these attributes are commonly found in successful 

weeds world-wide, as reviewed by Baker (1965; 1974). These include;  

• Autogamous reproduction (Chapter 3) 

• Ecoclinal/ecotypic formation (Chapter 3) 

• Dormancy and asynchronous germination (Chapter 4) 

• Small, easily dispersed seeds (Chapter 6) 

• Rapid development: days to flower (Chapter 3 and 5) and seed development 
(Chapter 5) 

• Phenotypic plasticity (Chapter 3) 

Malva parviflora has a predominately inbreeding system. This is typical of many weedy species, 

although not an essential attribute as many successful weeds of southern Australia are 

outbreeding i.e. Echium plantagineum (Wood and Degabriele 1985) and Arctotheca calendula 

(Dunbabin 2001). The advantage of a predominately inbreeding system is the production of 

genetically identical plants already adapted to a particular environment, whilst occasional 
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outcrossing provides genetic recombination and variation for the population (Baker 1974). 

Consequently, as frequently occurs in inbreeding species, M. parviflora has formed ecoclines 

based on flowering time and photoperiod. Flowering time is generally acknowledged as the 

main single trait affecting adaptation of genotypes and populations (Pecetti and Piano 2002), 

and it is an adaptively important character which in many colonising species is also closely 

associated with photoperiod (Devitt et al. 1978; Bhatti 2004), rainfall (Bhatti 2004), altitude 

(Bennett and Galway 2002) and growing season length (Cocks and Philips 1979; Dunbabin and 

Cocks 1999). Seed dormancy is also an important character contributing to successful adaption, 

especially within Mediterranean-climatic regions. It is highly possible that M. parviflora, 

through differences in physical dormancy release found between populations from regions of 

contrasting annual rainfall (Chapter 4), have evolved to form ecoclines. Populations in ‘riskier’ 

regions with low rainfall may have evolved rapid dormancy release in order to take advantage of 

any available rainfall, a response also found in Medicago polymorpha seeds (Taylor and Ewing 

1992). However, unlike Chapter 3, this study was not conducted in a common garden 

experiment, which would have enabled distinction of genetic and maternal effects, and thus the 

response is a complex interaction of genetic adaptation and maternal environment. Nonetheless, 

many hardseeded species that have successfully colonised southern Australia have formed 

ecotypes based on physical dormancy (Dunbabin and Cocks 1999; Street 1999; Fedorenko 

2000). 

Plants can further adapt to their environment by linking the factors required for dormancy 

release with environmental stimuli associated with the optimal time for release. Malva 

parviflora is no exception and, as shown in Chapter 5, it has adapted its germination and 

dormancy requirements to suit its Mediterranean environment accordingly. Although 

germination occurred over a wide range of temperatures (5 – 37oC); optimum germination was 

achieved between 15-20oC, temperatures associated with the winter rainfall period in south-west 

Western Australia (Turner et al. 2005), a characteristic of seeds adapted to Mediterranean-type 

climates (Bell et al. 1993). Germination was reduced at temperatures ≥ 30oC as a result of 

fungal infection causing seed death. Reduced seed imbibition and suppressed germination of 

permeable seeds at high temperatures occurs in many hardseeded species in southern Australia 

(Dunbabin and Cocks 1999; Taylor 2004; Turner et al. 2005), and is suggested to be another 

adaptation to temperature. However, in this study, non-germinating permeable seeds became 

infected with fungi after a few days of incubation on agar and therefore it is difficult to establish 

whether an adaptation was present. At temperatures <15oC germination of seeds from the 

Mingenew population was suppressed, conceivably an adaptation to temperature as seeds from 

this region are typically exposed to higher minimum annual temperatures than the other seed 

populations studied. Yet, although aspects of germination indicate adaptation, M. parviflora 

seeds could germinate over a very wide range of temperatures and in dark or light conditions. 

This suggests adaptation of germination to specific environmental stimuli is not so important in 
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this species, as germination timing is strongly regulated by dormancy, a highly adapted 

characteristic.  

Physical dormancy of M. parviflora seeds is a very important trait allowing successful 

adaptation and persistence in the southern Australian environment. As found in Chapter 5, 

impermeability of the seed coat is initiated very rapidly, within three weeks of flowering, which 

prevents germination and conveys protection and longevity to the embryo. Any germination on 

the mother plant, before seeds develop physical dormancy, is suppressed by physiological 

dormancy (Bewley and Black 1994). The crucial function of dormancy is to prevent germination 

when conditions are suitable for germination but the probability of survival and growth of the 

seedling is low (Vleeshowers et al. 1995; Baskin and Baskin 1998; Fenner and Thompson 

2005). Natural release of physical dormancy in M. parviflora occurs only after experiencing a 

period of summer fluctuating temperatures (Chapter 4). This prevents seed germination during 

short irregular periods of summer rainfall, which occurs in most (61 – 72%) years in the 

southern Australian Mediterranean-climatic region (Chapman and Asseng 2001), so that few 

seedlings will perish under the high summer temperatures and drought. The requirement for 

fluctuating temperatures for dormancy release is a very common attribute of hardseeded species 

in Mediterranean climates. The presence of a small amount of physiological dormancy in seeds 

stored at room temperature for 2 years (Chapter 4) is unlikely to be of adaptive significance as 

seeds stored under natural conditions retained very little to no physiological dormancy after 

summer temperatures broke physical dormancy. Baskin and Baskin (1998) maintain that 

physiological dormancy of the embryo is usually broken before hard seeds become permeable 

thus it appears to play only a minor role in the dormancy mechanism of M. parviflora.  

Genetic variation in M. parviflora was very low, which may help to explain why there was 

limited broad scale ecotypic differentiation within the common garden study. This lack of 

variation present in Western Australia was suggested to be caused by significant genetic 

bottlenecks and limited introductions, a conclusion reached by a number of studies that found 

low genetic variation and differentiation in inbreeding colonising species of Australia. For 

example, very small amounts of genetic variation are found in naturalised Medicago minima 

(Fedorenko 2000), Medicago luciniata (Young et al. 1992) and a host of self-pollinating 

legumes (Fortune et al. 1995) and only flowering time and seed mass in Trifolium glomeratum 

are slightly related to any environmental variable (Smith et al. 1995). To confirm the presence 

of a genetic bottleneck, neutral molecular techniques such as AFLPs are required to study 

genetic variation in both naturalised and centre of origin populations. Also, further research with 

molecular techniques would enable genetic confirmation of the breeding system. The ecological 

success of M. parviflora could be attributed to possessing what Baker (1965) calls a ‘general 

purpose’ ecotype, which has been preserved by predominant self-fertilisation. Such genotypes 
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equip M. parviflora with sufficient genetic variation and phenotypic plasticity to cope with a 

wide range of environmental variability, enabling it to colonise new areas.  

Interestingly, the partitioning of genetic variation within and between M. parviflora populations 

differs from the general assumption regarding inbreeding species, for which greater proportions 

of genetic variation occurs between populations than within (Hamrick and Godt 1990; 

Charlesworth and Charlesworth 1995; Linhart and Grant 1996). Other studies of colonising 

species also show exceptions to this rule, e.g. Trifolium nigrescens (Bennett and Galway 2002) 

and Nassella pulchra (Dyer and Rice 1997), demonstrating that, in some cases, breeding system 

may not be the most important influence on genetic variation. It is unlikely that the possible 

slight occurrence of natural outcrossing within the predominately autogamous plants would 

influence genetic variation as many inbreeding species, shown to have greater proportions of 

variation between populations than within, have the ability to occasionally outcross (Hamrick et 

al. 1979; Hamrick and Godt 1996). A plausible explanation for greater proportions of genetic 

variation occurring within than between M. parviflora populations is the occurrence of regular 

gene flow via sheep dispersal. Chapter 6 revealed that whilst a only a few (<1%) physically 

dormant M. parviflora seeds that passed through sheep were able to germinate in faeces 

following exposure to summer temperatures, only one seed is required to establish a new 

infestation due to its generally inbreeding nature. Therefore, although they are predominantly 

inbreeding, populations are not isolated. Livestock forms a vital component of Australian 

farming systems and animals are regularly transferred between paddocks, farms and regions 

with many weedy species dispersed by stock grazing such as weedy Echium plantagineum L. 

(Piggin 1978).  

It is obvious from this thesis that weedy M. parviflora has successfully naturalised and is 

thriving within the wheatbelt region of Western Australia as well as other Mediterranean-

climatic environments of southern Australia. Its increasing prevalence within farming systems is 

a cause for concern and combined with its tolerance to glyphosate (Dastgheib and Frampton 

2000; Wu and Dastgheib 2001; Chorbadjian and Kogan 2002) it is essential that alternative non-

herbicidal control techniques be developed in order to implement integrated weed management 

programs (IWM). Constraining a weed population at several points in the lifecycle by using 

multiple partial controls is the essence of IWM (Mohler 2001). With high longevity and 

persistence due to its hard seed coat (Spira and Wagner 1983), prevention of M. parviflora seed 

set and entry into the seed bank is a vital component for IWM. Previous to this study, very little 

was known about the M. parviflora seed, specifically its development and dormancy and 

germination characteristics. This thesis has determined that whilst seeds develop maturation, 

impermeability and desiccation tolerance very quickly (Chapter 5), limiting the opportunity for 

seed control, rumen digestion of permeable seeds is highly efficient in destroying viability 

(Chapter 6) and thus livestock may be employed for successful seed control before the onset of 
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impermeability. Also, prediction of M. parviflora seedling emergence after autumn rains 

(Chapter 4) will allow accurate timings for herbicide application and thus prolong usage and 

reduce the potential for herbicide resistance. The presence of low genetic variation and limited 

broad scale ecotypic differentiation in M. parviflora populations suggests that a broad control 

solution such as biocontrol could be successfully applied. Biological control is thought to be 

favoured by limited amounts of genetic variation in weed populations as greater genetic 

variation allows more rapid adaptive evolution and escape from the biological control agent 

(Sakai et al. 2001). This is supported by the successful control of Canadian Malva pusilla by a 

bioherbicide, BioMal™ (Colletotrichum gloeosporioides), and therefore warrants further 

investigation in M. parviflora.  

In conclusion, the hypotheses formed in Chapter 2 are reassessed and accepted/rejected below.    

 Hypothesis 1: The Malva species found in Western Australia is M. parviflora and it possesses 

an inbreeding reproductive system. Populations are genetically distinct and adapted to different 

environments.   

This hypothesis was partially supported as although populations were adapted to their 

environments, there was limited ecoclinal differentiation.  

Hypothesis 2: Malva parviflora will have adapted to its Mediterranean environment through its 

dormancy and germination characteristics to avoid germination during the dry, hot summer 

conditions typical of Mediterranean environments. Dormancy release is caused by hot 

fluctuating temperatures experienced during summer months.   

This hypothesis was supported.  

Hypothesis 3: Due to its weedy nature, M. parviflora seeds develop rapidly and reach 

physiological maturity within a very short period of time. The development of hardseededness, 

essential for seed survival and longevity, also occurs very quickly.   

This hypothesis was supported.  

Hypothesis 4: Due to its water impermeable seed coat and small size, viable M. parviflora seeds 

can survive sheep digestion. Sheep are likely to play an important role in the dispersal and 

spread of seeds through the Western Australian wheatbelt. However, there is still potential for 

weed control provided the developmental stage is considered.     

This hypothesis was supported.  
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This thesis has deepened our understanding of ecological and biological aspects of weedy 

Malva parviflora in the Mediterranean-climatic wheatbelt region of Western Australia and will 

prove an important tool in the development of suitable IWM programs in the future.  
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Appendix 1: Topographical Tetrazolium test 
 

This test was conducted in accordance with International Seed Testing Association Rules (1999) 

for Malva species.  

 

1. Prepare an aqueous solution of 0.1 to 1% of 2,3,5-triphenyl Tetrazolium chloride/bromide 

and store at 10oC (fridge temp) ensuring the solution is not exposed to light by covering 

with aluminium foil.  

2. Scarify each seed coat using a rabbit toothed scalpel to allow water imbibition. 

3. Place scarified seeds in a small vial containing enough Tetrazolium solution to be 

completely covered. 

4. Position all vials into a small box and cover to prevent light exposure.  

5. Leave seeds for 18 hours at 30oC then dry off using paper towel. 

6. Examine seeds under a light microscope and expose the embryo. Red embryos are viable, 

pinkish/white embryos are dead.  
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Appendix 2: Biological specimen preparation using GMA  

(glycol methacrylate) 
 

Procedure obtained from UWA’s Centre for Microscopy and Microanalysis (CMM). Glycol 

methacrylate (GMA) ethylene glycol ester of methacrylic acid having the following structure: 

        O 

   CH2=C—C—O—CH2CH2OH 

        CH3 

 

GMA monomer mixture (pH 6.8 – 7.2)  

  Purified GMA    99cc 

  Plasticiser: Carbowax 200  5cc 

  Catalyst: Benzoly peroxide  0.4g 

 

1. Fixation and vacuum infiltration 

a. Cut fresh tissues (no bigger than 1cm3) in 2.5% glutaraldehyde fixative in 0.05 m phosphate 

buffer pH 7 

b. Transfer specimens into the vials containing the fixative 

c. Vacuum infiltration for 3 – 5 minutes, and then leave in the fixative for 24 hours. 

 

2. Dehydration 

a. Replace the fixative by the buffer and leave for 30 minutes 

b. Repeat step 2a 

c. Replace the buffer by 100% methoxyethanol and leave for 24 hours 

d. Replace the methoxyethanol with 100% ethanol and leave for 24 hours 

e. Replace the ethanol by 100% 1-n-propanol and leave for 24 hours 

f. Replace the 1-n-propanol by 100% 1-n-butanol and leave for 24 hours 

 

3. Infiltration and embedding 

a. Replace the butanol with ‘used’ GMA and leave for 3 weeks 

b. Replace the ‘used’ GMA with ‘fresh’ GMA and leave for 3 weeks 

c. Embed the tissues in ‘fresh’ GMA in an oxygen free oven at 60oC for 12 hours  

 

 

4. Sectioning 

a. Section trimmed tissue block using glass knives and a Sorvall semi-automatic Microtome at 

2-4 μm  
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b. Using forceps, place sections into a drop of water on a microscope slide and dry on a hot 

plate.  

 

5. Staining 

a.  0.05% Toluidine Blue O in benzoate buffer at pH 4.4 

 Stock solution: Benzoic acid – 0.25g 

  Sodium benzoate – 0.29g 

  D water 200c 

Procedure: Stain sections with a drop of the dye for 1 – 3 mins, then rinse in 

running water and dry on a hot plate.  

Results: DNA – blue or blue green 

        polycarboxylic acids – red or reddish purple 

        polyphenols and lignin – green or blue-green 

 

b.  1% amino black 10B in 7% acetic acid 

Procedure: Stain sections with a drop of the dye for 10 mins, then rinse in running 

water and dry on a hot plate.  

Results: Nucleic acids, general and storage proteins – blue 

        Starch and cell wall polysaccharides – unstained 

 

 

    

 

 

 

 


