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"When land does well for its owner, and the owner does well by his 

land ; when both end up better by reason of their partnership , we 

have conservation . When one or the other grows poorer, we do no t" . 

Aldo Leopold (1949) 



Abstract 

ABSTRACT 

The agricultural region in the central Avon catchment is declining in both arable 

land and native vegetation. This decline has been due to the clearance of large 

tracts of native vegetation and its subsequent replacement by exotic crops and 

pasture species. The loss of vegetation has led to regional land degradation in 

the form of soil erosion and land salinisation. Therefore, changes in land 

management practices are required to make agricultural production more 

compatible with land conservation. Revegetation using native plants is the only 

management solution that integrates both land and ecological conservation with 

agricultural productivity. The continuation of current agricultural land use will 

therefore depend on the development of effective methods of revegetation. 

The land manager predominantly has a choice between directly sowing seeds 

and or planting nursery seedlings as methods of revegetation on degraded land. 

The widespread problem of land degradation in the Avon catchment dictates 

that the revegetation method chosen must be effective in terms of both seedling 

establishment and cost on a broad scale. To determine which method is most 

effective in revegetation, a series of laboratory and field trials were conducted. 

A trial was conducted in seed germination incubators to determine the relative 

importance of genetic and environmental influences on seed viability. The genetics 

of the seed stock had a significant influence on germination betwEen different 

biolocalities. Similarly, environmental factors such as different temperature 

regimes also had a significant influence on seed germination. Consequently, a 

relationship was established between optimum germination temperature and the 

average mean win,er temperature of the biolocality where the seed was 

collected. This suggests that temperature may influence seed genetics and 

subsequent germination, which varied according to the biolocality. 

The identification of environmental parameters that influenced seed germination 

provided a basis for comparison between direct seeding versus planted nursery 

seedlings in the field. The number of seedlings established in the second and third 

year at York was greater for direct seeding than from planted nursery seedlings 

with the exception of two species belonging to the Leguminosae family. However, 

the failure of seedlings from either method to become established in the field at 

Tammin emphasised the need to employ a post-sowing and planting 

management programme. The costs of seedling establishment using the direct 

seeding method was approximately one sixth the cost of nursery seedlings with 

the exception of Kennedia prostrata. 
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Abstract 

The cost and time invested in revegetation programmes necessitates that the 

optimum seed biolocality should be selected in order to produce the most 

effective plant establishment from direct seeding in the field. Biolocality selection 

based on geographical distance alone did not produce conclusive criteria for 

effective revegetation. However, the matching of biogeographical regions and 

climatic conditions with the site of revegetation produced the most effective 

plant establishment. This predominantly resulted in the selection of a local 

species but in some situations biolocalities from further afield with a similar 

climate, also proved effective. 

The invasion of weeds at both the York and Tammin trial sites emphasise the 

potential effects on the establishment of native vegetation. The growth (height & 

stem width) of nursery seedlings was significantly reduced while the growth 

height decreased and the mortality of direct seeded seedlings increased when 

subjected to weed competition. 

Reversing the trend in land and e•cologica:. degradation within the central Avon 

catchment can only be achieved through a revegetation programme that 

integrates nature conservation with agricultural productivity. Direct seeding is a 

cost effective method of plant establishment provided that adequate attention 

is given to pre-seed treatment, seed quality testing, selection of the optimum 

seed biolocality, soil contour and profile preparation and post sowing control of 

both weed and predators. However, revegetation of degraded land using 

nursery seedlings can be just as effective when the cost of seed is expensive and 

difficult to germinate. If the central Avon wheatbelt is to continue to function as 

the 'bread bowl' of Western Australia then the establishment of native 

vegetation can only be achieved through the use of direct seeding methods on a 

broad scale. Current land management practises and the conservation of the 

remaining remnont vegetation will not maintain a sustainable agricultural based 

economy or aL 'quately represent existing biodiversity in the cental Avoc 

catchment. 

i( ., ,, 
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Chapter 1 

INTRODUCTION 

There is an urgent need to revegetate degraded land within the Avon catchment. 

The scale of clearing native vegetation for agricultural development is 

incompatible with characteristics of the region such as soils, landforms & climatic 

conditions (Boyd et a/. 1976; Burvill 1979; P1gott 1993). The result of this 

imbalance is unsustainable land-use practises exacerbated by the time lag 

between the cause and the subsequent effect of the clearing. The current 

challenge for land managers is to apply suitable techniques for rapid and 

effective revegetation. Consequently, research into these methods needs to be 

developed in order to reverse the trend of land degradation in the southwest of 

Western Australia. 

The type of land degradation and the impact on the economic and social aspects 

of the community differ within the Avon catchment in a direct relation to the 

geographical position along the west-east rainfall gradient. In the wetter western 

areas, waterlogging and water erosion are the most prominent issues (Avon 

River System Management Strategy 1993). In the central and the eastern 

sections, the predominant type of land degradation is salinisation and wind 

erosion, which occurs in shires such as Tammin and York. The need for 

revegetation has arisen from the simultaneous occurrence of the effect of an 

unbalanced approach towards land clearing and an increasing environmental 

awareness in the farming community. 

A sustainable approach to land managemer,t is dependant on effective 

revegetation that will promote the continuity of the economic and social 

structure of agricultural based economies typified by towns such as York and 

Tammin. Degradation of the land has decreased rural productivity and in some 

areas has resulted in a cessation of traditional farming practices. A reduction in 

arable land results in direct economic and indirect social depression in the 

community (Gemmell 1996). This downturn is causing a shift in attitude away 

from traditional land management practices (land clearing and cereal cropping) 

towards one of an increasing environmental awareness (Gemmell 1996). 
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Chapter 1 

1.1: Revegetation 

Revegetation is essential in order to reverse the degradation process (Bell 19B9; 

Davidson & Bell 1989; Dalton 1993). Vegetation provides the primary basis of 

biodiversity for all other organisms in the food chain, which are dependent on 

plants for their survival (Davidson & Davidson 1992). Furthermore, vegetation 

represents the interface between soil (erosion), water (hydrological balance) and 

air (greenhouse gases). The rate of degradation may be reduced or even 

prevented by the establishment of perennial vegetacion within farming systems 

(George et a/. 1 993 ). Establrsh'rng vegetation is an effective management tool in 

the restoration cf degraded systems (Munshower 1994 ). However, a review of 

the literature indicates that more effective methods of revegetation need to be 

developed (Malcom 1990; Venning 1991; Dalton 1992; Scheltema 1993; Pigott et 

a/. 1994; Yates & Hobbs 1997). 

Predominantly, land managers have two choices in the selection of a gene pool 

for a revegetation programme. One selection involves the planting of 'local' native 

species and the other is the translocation of 'distant' natives or 'exotic' plant 

species into the region. These choices involve separating plants along an axis of 

'distance of origin' from the revegetation site. Local species are these endemic 

flora, which originate from the same biolocality as the revegetation site. Distant 

natives occur within the natural distribution of the species but is geographically 

distant and climatically different to the site of revegetation. Exotics are those 

species translocated from within the Australian continent or plants introduced 

from other continents relative to the site of revegetation. 

The genetic integrity of the existing remnant community, proximal to the site of 

revegetation can be maintained by incorporating species that have a 'similar' 

deoxy-ribonucleic acid (DNA) 'finger-print' (B. Dixon' pers. comm.). However, the 

ability to discern between DNA finger-prints within a species is an expensive 

technical science (E. Bunn' pers. comm.) which is impractical for most agricultural 

land manages and beyond the scope of this thesis. Similarly, provenance selection 

trials require long term monitoring over space and in time. · 

1Robert Dixon: Development Officer, Division of Plant Science at Kings Park 
2Dr. Eric Bunn: Research Botanist, Division of Plant Science at Kings Park. 
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Chapter 1 

Provenances are plant populations that have evolved characteristics, which 

reflect adaptations to a particular set of environmental conditions (Bennett & 

George 1996). Therefore, land managers require a practical and cost effective 

method of sele•cting plant provenances that are pre-adapted to a particular 

revegetation site. The majority of research on provenance selection of Australian 

natives has been conducted on the growth of eucalypts for plantation forestry 

(Awe 1973; Turnbull 1973; Hart 1982; Eldridge & Cromer 1987; Midgley et a/. 

1989; Florence 1996). Therefore, it is mostly likely that the provenance of other 

species is just as important in determining the selection of characteristics within 

revegetation species. 

The identification of a "biolocality" that has a similar set of environmentai 

conditions to the site of revegetation may assist land managers in the selection 

process of a particular plant provenance. Biolocalities are confined to an area 

within the natural distributional range of a particular species. They refer to the 

locality of the parent plant(s), which provided the seed source. The identification 

of a particular source of seed is specified by the use of seed lot numbers. Lot 

numbers are the seed merchant's collection codes, which refers to a systematic 

method of identifying the closest town or geographical feature proximal to where 

the seed was collected. The assumption of a biolocality used here is that the 

seed collected from a particular area contains a specific set of both genotypic 

and phenotypic characteristics which enable it to survive and reproduce in that 

locality. 

The concept of biogeographical regions (bioregion) provides a useful framework 

in which to narrow the focus of biolocality selection lor effective plant 

establishment on degraded land. Six bioregions have been recognised by 

Thackway & Cresswell (1995) in southwestern Australia. Each bioregion is 

characterised by a high diversity of endemic plants. However, the selection of 

plants for the revegetation of degraded land has pro~eeded largely in an ad-hoc 

fashion (ecoanarchy: Eckersley '1992) with the translocation of distant native and 

exotic species with little regard to the use of local endemic flora. 

The current challenge for land managers is to select the appropriate method of 

revegetation that would maintain and or increase agricultural productivity and 

conservation values at patch and landscape scale (Yates & Hobbs 1997). 

Page 3 



Chapter 1 

There are two fundamental methods of plant establishment used in revegetation 

of degraded land, namely direct seeding and nursery seedlings. Direct seeded 

seedlings is defined here as field established plants (Plate 1 .1) through the 

process of sow1ng seeds into prepared ground using agricultural combine or 

manual sowing methods (Pigott er a/. 1994 ). Conversely, a nursery seedling 

refers to a small plant grown in a soil-filled container under controlled 

environmental conditions (Plate 1.2) which is then transplanted into the field. Given 

the large extent of land management problems experienced in the central Avon 

catchment, the most appropriate method of revegetation is one that is cost 

effective on a broad scale. The term effectiveness of revegetation is based on 

the cost per plant established after two to three years in the field. Cost 

effectivenecs is limited to the length of the study period but ideally it should be 

based upon long term re'iability and establishment in the field. 

1.1.1: SEED 

Seeds are a basic requirement of revegetation and may be used either for direct 

sowing in the field or in the nursery for seedling production. The components of a 

seed batch when harvested consist of viable seed, non-viable seed, dead seed 

and chaff. These terms are explained as follows: 

The term seed batch refers to a specific weight and or quantity of seed from a 

particular species. Viable seed is defined as seed that is capable of germination 

and development into a normal plant under favourable conditions within a 

designated time frame. This definition differs from that stated in the literature 

(Boland et a/. 1980; Peterson 1987) in that it includes a time constraint. A t1me 

constraint was imposed on germination trials due to the incidence of fungal 

colonisation on seeds, particularly leguminous species, increased over time (see 

section 4.5.2). Non-viable seed is referred to here as seed that has ;mbibed 

water or quiescent seed capable of germination but not within the allocated time

frame. Dead seed is defined as non-fertilised ovules, which are not capable of 

germination. Chaff consists of impurities such as leal, twig and fruiting bodies 

shed after dehiscence. 
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Chapte r 1 

Plate 1 .1: Direct seeded seedlings of Eucalyptus wandoo (16 months) after the 

process of manually sowing the seeds into scalped furrows at York 

Plate 1 .2: Nursery seedlings of Eucalyptus sp. (6 months) grown in a shade 

house under irrigation at the Chatfield's nursery in Tammin. 
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Chapter 1 

Seed purity and quality are terms used in subsequent chapters to describe the 

germination capacity of a designated seed batch. Purity refers to the number of 

viable seeds relative to the weigh'c of the seed lot and is expressed in terms of 

the number of germinants per gram. The weight of the seed lot may consist of 

the weight of all four seed components (viable seed, non-viable seed, dead seed 

& chaff particles), Quality refers to the proportion of viable seed to non-viable or 

dead seed and is expressed in terms of percentage germination per gram. 

The purity and quality of different seed lots can be determined by conducting a 

seed germination test. The germination capacity of a given quantity of seed can 

be measured prior to sowing, The International Seed Testing Association (1985) 

has published standard testing procedures, although it does not include a wide 

range of Australian native species. The small size of the seed, the high proportion 

of chaff and the similarity in the shape and colour of chaff and viable seed, all 

make the ISTA methods of seed testing difficult to apply to many Australian 

native species (Boland et a/. 1980), Alternatively, other techniques are available 

for testing the germination capacity of seed lots such as tetrazolium salts, X-ray 

and embryo excision (Peterson 1987), However, germination tests are more 

practical, economical and require less expertise in the interpretation and analysis 

of living seed embryos. 

Seeds germinate when prevailing conditions favour the opportunity for seedling 

establishment (Matt and Groves 1981 ). Germination is defined in this thesis as 

the growth of the embryo within the seed until the emergence of the embryonic 

radicle through the seedcoat (Boland et a/. 1980), There are two basic factors 

that inhibit seed germination. Firstly, the environment may not be suitable for 

germination, and under these circumstances the seed will remain quiescent until 

such conditions become favourable. Secondly, seeds may fail to germinate even 

though they have been exposed to suitable environmental conditions. 

The most important environmental variables affecting seed germination are 

moisture (Hegarty & Ross 1981) and temperature (Beardsell & Richards 1987). 

Water acts as a catalyst in the conversion of complex carbohydrates (starch) 

stored in endosperm reserves into simple sugars responsible for growth nf the 

embryonic radicle. Furthermore, moisture is an important solvent in the leaching 

of growth retarding hormones and the synthesis of hormones that initiate 

germination. 
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Temperature determines both germination events and seed dormancy responses 

(Richards & Beardsell 1987). Most seeds of native plants readily absorb available 

moisture under temperature conditions conducive to germination (Venning 1991 ). 

However, extreme ranges of temperatures such as frosts are common in winter 

in the central Avon wheatbelt (Bureau of Meteorology 1998). These extreme 

fluctuations in soil temperature may cause seed to become quiescent or dormant 

which delays germination until conditions become favourable for germinant 

development. 

The failure of seed to germinate under normal environmental conditions is 

determined by a seed-imposed dormancy mechanism. For example, the 

permeability barrier of the outer tissue of leguminous seeds has shown to impede 

the passage and exchange of water and gases with the embryo (Beardsell & 

Richards 1987). The ecological implications of seed dormancy may be due to the 

long-term survival of these leguminous species, by ensuring germination occurs at 

times when seedlings are most likely to establish (eg. following a fire and or 

heavy rainfall). 

1 .1 .2: NURSERY SEEDLINGS 

Nursery seedlings are a common method of revegetation in the central Avon 

catchment (Runciman 1991 ). Nursery seedlings are juvenile plants grown under 

controlled conditions in a container filled with growth media for a limited time 

period. Container produced seedlings have a high establishment rate in the 

nursery as the germination phase and the early development of the seedling is 

protected in a controlled environment. However, for effective revegetation in the 

field, the most suitable container for a particular seedling crop will depend on 

both biological and economical factors. 

An essential component of nursery production is the use of containers, which can 

effect the long-term success of a revegetation program. The choice of 

biologically suitable containers minimise the problem of distorted root systems, 

such as girdled and circled roots (Landis eta/. 1990). Distorted roots cause loss 

of vigour and poor plant establishment in the field. Whitcomb ( 1981) initially 

developed an air-root pruning container system, which promotes the 

development of fibrous roots. The system manipulates the root tip towards the 

atmospheric environment where it is desiccated and dies, preventing continuous 

root growth around the inside perimeter of the container. 
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1.1.3: SOIL RECLAMATION 

Soil reclamation involves the process of ripping heavy sub-soils and soil profile 

construction (Munshower 1994 ). The purpose of soil reclamation is that it 

increases the chance of germination and early seedling development in the''field 

'(Venning 1991; Scheltema 1993; Stoneman 1993). The attributes of a cultivated 

soil bed for germination and seedling development include: deep penetration of 

the seedling root system (C.A.L.M. 1 988), increased interface with receptive 

mineral soil, microsite variation such as shaded depressions (Battaglia & Reid 

1993), increase nitrogen mineralisation (Robson & Taylor 1987), increased soil 

nutrient concentrations (Ponder 1981 ), hydraulic contact between seed and soil 

(Bachelard 1 985; Gibson & Bachelard 1987) and increased weed control (Pigott 

eta/. 1994). Soil preparation provides conditions for germination and subsequent 

development of native seed when compared with an undisturbed seedbed. 

The method of soil preparation for revegetation varies according to 

environmental factors acting upon the field site and the scale of the revegetation 

programme (machinery versus hand tools). Most plant establishment methods in 

the central Avon catchment use machinery because it minimises labour costs, 

particularly on a broad-scale and the high availability of the equipment. 

1 .1 .4: WEEDS 

Soil cultivation and increased fertility as a result of agricultural practices has 

aided the proliferation of weed species (Croft & Venning 1985). The term weed is 

a value judgement based upon the perceptions and the context in which the term 

is used (Burke 1994). Weeds may be undesirable in the landscape from both an 

economic and ecological perspective (Australian National Parks and Wildlife 

Service, 1991 ). The poet Waldo Emerson defined a weed as 'a plant whose 

virtues have not yet been discovered' (Parsons & Cuthbertson, 1992). The 

inability to objectively define a 'weed' is contributing to the difficulties confronting 

land managers in the control of weeds. 

Several authors define weeds on the basis of a subjective decision such as, "a 

plant growing where it is not wanted" (Kerruish & Unger 1985) and species that 

invade existing remnant communities or ecosystems (Humphries 1992). Similarly, 

Government Departments define weeds as: "any plant that is objectionable or 

interferes with the activities or welfare of man" (Bureau of Resource Sciences 

1992) or as a plant growing out of place which may occur from within the 

region, interstate or overseas and may or may not be declared under the 

Agriculture and related Resources Act 1976 (C.A.L.M. 1993). 
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The choice of revegetation methods is predominantly between direct seeding and 

planting out of nursery seedlings. From a practical tiewpoint, the most eff,ective 

rev~getation method would not only decrease the rate of degradation i~'the 
landscape, but would also provide a maximum return for the cost and time 

invested .. From an ecological perspective, the selection of a biolocality for 

re~egetation would ideally result in a sustainable plant assemblage that would 

integrate with the existing floral and faunal communities. Therefore, the current 

focus in the burgeoning field of revegetation is to develop the most effective ., 
methods in plant establishment, wh'1ch incorporate local endemic species that are 

adapted to the characteristics of the region. 

~~-

1.2: Aim of Thesis 

The overall airn of the thesis is to evaluate two plant establishment rnethods 

(direct sowing of seeds versus the planting out of nursery seedlings) on 

degraded land in the central Avon catchment. Given the contrast of these two 

rnethods of revegetation, the criteria for evaluation is divided between pre- and 

post sowing/planting factors. These include pre-sowing/planting assessment of 

seed lot quality, purity and biolocality selection. Secondly, post sowing/planting 

assessment of initial survival, short-term establishment, weed control and relative 

establishment costs on some key native species. The long-term goal of this study 

is to provide results to support appropriate techniques for revegetation on a 

broad scale. It is envisaged that these results will improve the productive 

capability of agricultural land while also enhancing nature conservation values. 

1.3: Structure of Thesis 

The thesis is divided 'Into eight chapters: an introduction, literature review, a 

background, four experiments and a conclusion. Chapter 2 summarises the 

relevant literature pertaining to the central aim of the thesis. Chapter 3 provides 

a regional perspective on the study region within the central Avon catchment and 

includes a site-specific background on the three case studies conducted at both 

York and Tarnmin. Chapters 4, 5, 6 and 7 are experiments that relate to the 

central aim of the thesis. Two of those experiments, 'The Effect of Genetic 

Variation and Temperature on Seed Germination' (Chapter 4) and 'The Effect of 

Weed Competition on Native Seedlings' (Chapter 7) were conducted under 

laboratory conditions. Here, Chapter 4 consists of three separate experiments 

which are: 'Seed Lot: Purity', 'Biolocality and Temperature: Quality' and 'Frost: 

Quality'. Chapters 5 and 6 are field experiments, which addressed 'Evaluation of 

Revegetation Methods' and 'Biolocality Comparisons'. 
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The 'Seed Lot: Purity' experiment (Chapter 4) was used to determine the 

capacity of different species to germinal~ when sown as a basis to the two trial 

sites (Chapters 5 and 6). Furthermore, the experiment was also used as a pilot 

study ·to determine the relative effer,ts of temperature and biolocality selection 

on seed.lot quality for the 'Biolocality and Temperature: Quality' trial. Similarly, 

'Frost: Quality' was a preliminary experiment for further research on the effect of 

sub-zero temperatures on the quality of a range of seed lot species. These 

experiments (Chapter 4) involve the testing of a theory and explanation of the 

results using inferential statistics. This deductive method of approach involves the 

generation of a hypothesis from an existing school of'thought followed by data 

collection an.d analyses based upon the concept of accepting or rejecting the 

hypothesis (Haines-Young & Petch 19B6). 

/.f/ 
>"'~" The deductive method of approach is not always appropr;ate when applied to 

certain disciplines conducted in the field (eg. Chapter 5 & 6). The fundamental 

basis to this thesis involves the process of establishing an environment 

(revegetation) in which to monitor the development of a synthetic plant 

community (seed germination, seedling establishment & plant growth) within the 

constraints of an academic time frame. Furthermore, field environments are 

subject to a full suite of varying geographical and seasonal climatic variations, 

which makes replications difficult to factor into an experimental design and 

therefore, the use of inferential statistics is not appropriate. 

Initial trials of vegetation establishment on degraded land were originally designed 

to provide adequate experimental replications. However, the failure to establish 

plants at a specific field site (Chapter 5) and high mortality of germinants within 

a particular revegetation method (Chapter 6) hindered the design of the 

experiment. The reconstruction of the experiments in order to obtain the required 

replications and subsequent spatial data was not logistically possible within the 

designated time frame of the thesis. Therefore, the field trials of 'Direct Seeding 

Versus Nursery Seedlings' (Chapter 5) and 'Biolocality Comparison in Direct 

Seeding Establishment' (Chapter 6) involve case studies with descriptive statistics 

rather than experiments with quantitative analysis. 

The examination of the case studies involved a process of experiential education 

(hypothesis generating) using an inductive method of approach rather than 

hypothesis testing. Environmental factors that became apparent while conducting 

the field trials such as germination, tempc~ature and weeds formulated the basis 

to the topics discussed in the previously mentioned chapters. 
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LITERATURE REVIEW 

• 2.1 :. Land Degradation .. 

,, 

Land degradation issues in th'e central Avon catchment has necessitated the 

need for revegetation within strategic zones ii\ the landscape. This community 

shi'tt in environmental consciousness is referred to by Hobbs & Saunders (1991) 
as "re-integration" of a landscape disrupted and injured through historic 

exploitation and by Eckersley ( 1992) as a process of "reinhabitation". This 

process involves the understanding of life supporting systems, which establish 

ecologically and socially sustainable patterns of existence. The development of an 

interconnected relationship between people and the environment can be seen with 

the formation of land conservation district committees (LCDCs) and landcare 

groups. One of the indirect roles of these organigations is the. synthesis of 

different disciplines from science, industry, conservation and the agricultural 

community, each addressing the problem of land degradation. 

The clearing of native vegetation has exposed surface soils to weathering and 

erosion, which has resulted in a decline of arable land in the central Avon 

catchment (ARSMS 1993). The soil becomes desiccated through exposure to the 

sun, which causes a subsequent increase in soil temperature (Davidson 1 983). 

Dry and denuded soil is more susceptible to wind erosion than land covered by 

vegetation (Davidson & Davidson 1992). Vegetation stabilises the soil profile by 

protecting it from the impacts of climatic facto•s and livestock activity (Plate 

2.1 ). 

The shallow and light sandy soils of the upland regions in the central Avon Valley 

are particularly susceptible to wind erosion (Lefroy 1991 ). Removal of the topsoil 

through wind erosion is a cyclic process because it results in a reduction in 

fertility and further accelerates the decline in vegetation through sand blasting 

and soil inundation (Copely & Venning 1983). 

The impact of salinity and wind erosion on arable land are not obvious in the 

short term (Bishop & Coakes 1984). Consequently, land management problems in 

the Avon catchment has been based on a practice of treating the symptoms 

rather than the cause. The symptoms of vegetation clearance such as a rising 

water table have either been dealt with on the site where it is expressed in the 

landscape (Stolte eta/. 1996) or has been diverted off the property. 

Page 11 



. ,,_ 

Chapter 2 

For example, the planting of salt tolerant vegetation over water discharge zones 

(Plate 2.2) and the use of drainage channels to divert excess saline water to 

road culverts are methods used by landholders in their attempts to deal with the 

issue at the symptomatic level of the problem. Consequently, both these methods 

have had minimal impact in reducing salinisation of surface soils in agricultural 

areas (Bennett & George 1995; Stolte eta/. 1996). 

The salinity management challenges are being caused by a change in t' 1e 

hydrological balance, which results in rising ground water tables (Department of 

Land and Water Conservation, 1996). The removal of native vegetation and 

replacing it with shallow rooted annual crops (Plate 2.3) reduces the 

evapotranspiration of water from the soil,, enabling increasing precipitation to 

percolate through the soil and recharge the 'Nater table (George et a/. 1993; Cox 

& McFarlane 1995). The rising of the water table mobilises accumulated salt deep 

within the soil profile, transporting it to the surface (Plate 2.4). In undisturbed 

landscapes characterised by deep rooted perennial vegetation, capable of 

transpiring high volumes of water, the ground water is maintained well within the 

soil profile (McFarlane & Cox 1992). 

Salinisation of surface soil and water is not a recent phenomenon. Saltland 

degradation was first recorded in 1905 at Cranbrook where a railway inspection 

engineer noted that the water had increased in salinity to such an extent that it 

caused problems in locomotive boilers. Increased public concern over the 

salinisation of potable water supplies led to a scientific inquiry into the problem 

'(Wood 1924). It is interesting to note that the study established the first causal 

link between the clearing of native vegetation and a disruption in the water 

balance. However, despite the evidence and repeated warnings from agricultural 

advisers, unplanned land clearing has continued across the state. Most of these 

areas are prone to salinisation, waterlogging or acidification. 

,- ->_..->·. ,. ' q 
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Plate 2.1: Soil denudech.of vegetation through overgrazing showing surface 

salt and rill erosion (left) compared to a fenced paddock with 

natural populations of Halosarcia spp. (nght) at Tammm. 

Plate 2.2: Revegetation of a water discharge zone using a salt to lerant 

species, Atriplex amnicola. 
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Plate 2.3: Mortality of remnant trees within the York Shire caused by ring 

barking, an historical method used for land clearing. 

Plate 2.4: Surface salinisation and gully erosion on upper catchment slopes 

within the York Shire, likely the result of excessive land clear.ing. 
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Salinisation of surface soils in the Western Australian 'wheatbelt' is currently 

encroaching on productive arable land at the rate of 18,000 hectares per year 

(Schofield et a/. 1993). The most degraded lands occur within the shires of 

Goomalling, Tam min and Dowerin (Fig. 2.1) where 9.26%, 7.93% and 7.06% of 

the arable land, respectively, has been affected by salt (Select Committee into 

Land Conservation 1990). The impact of clearing large tracts of native 

vegetation within agricultural ecosystems has not been fully realised because of 

the time lag between the cause and effe:.· of land degradation (State Salinity 

Strategy 1996). 

Effective methods in reducing the impact of salinisation are gradually being 

adopted by land managers (George et a/. 1993). These methods involve the 

planting of perennial vegetation over water recharge zones, usually located on 

productive arable land (Marcar & Crawford 1996). Therefore, given the potential 

loss of income caused by converting pasture/crop species to perennial plant 

establishment, it is important that revegetation of such areas effect and rapidly 

mitigate land degradation. The agricultural community has only just begun to 

develop sufficient knowledge to practice effective revegetation methods. 

2.2: Revegetation 

Remnant vegetation within the agricultural regions of Western Australia are 

inadequate in protecting its biodiversity in the long-term because the size 

supporting the vegetation area is too small (Hobbs 1991a; Hobbs 1993). 

However, revegetation using local native species adjacent to remnant flora 

enhances conservation values by increasing the area of habitat refuge for 

endemic fauna (Hobbs & Norton 1996). Increasing the area of vegetatio:·· can 

also lead to the establishment of links between disconnected remnant vegetation 

by forming wildlife corridors (Hobbs 1993) and providing a buffer zone <>gainst 

edge effects from the surrounding agricultural landscape. Revegetation using 

local native species is particularly important because extensive habitat 

destruction has occurred in the Avon catchment. 
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Figure 2. 1 : Locality map within the Avon catchment showing the Shires of 

Goomalling, Tammin and Dowerin, which are most affected by salt

land degradation. 

Pagel 6 



Chapter 2 

Revegetation often involves the importation and establishment of seeds or 

seedlings in a reclaimed soil bed. The disturbed land can function as an integral 

component of the ecosystem provided that adequate attention is given to 

encouraging biolagical diversity (Davidson & Davidson 1992) and maintaining the 

genetic integrity (Eckersley 1992). Biological diversity can be achieved by 

establishing a diverse plant community with the capacity of regeneration. Such an 

assemblage of plants creates a community based on interactive cycling of 

nutrients and flow of energy within the system (Waring 1989). 

The overall importance of vegetation is emphasised by defining it as the 

accumulation of biomass through primary production upon which organisms of 

both the grazing and detrital food webs ultimately depend on for their survival 

(Kent & Coker 1992). Therefore, vegetation provides the basis of the habitat 

within which most organisms complete their life cycle. 

Revegetation on degraded lands can have multiple functions. The conservation 

status of the surrounding region and agricultural productivity can both be 

simultaneously improved (Lefroy et a/. 1993). The style of revegetation should 

therefore be chosen to assist with environmental management and the objectives 

specific to the site (Plate 2.5 & 2.6). For example, an effective windbreak using 

diverse native vegetation can also act as a wildlife corridor by establishing links 

with existing remnant bushlands (Loney & Hobbs 1991 ). 

Native vegetation can host beneficial insectivorous fauna and provide crop 

windbreaks and stock shelterbelts (Davidson & Davidson 1992). Several studies 

have shown that many animals colonise native vegetation once established 

(Landsberg et a/. 1990). Native shrubs provide nectar for the adults of wasps 

whose larvae are parasites on defoliating insects of cereal crops (Davidson 

1988). The provision of vegetation windbreaks have the potential to increase 

cropping yields. Bicknell' (cited in Runciman 1991) has found a 22% increase in 

wheat, 47% in oats and 30% in lupin yields due to the presence of vegetative 

windbreaks. Therefore, native vegetation can indirectly assist in the productivity 

of agricultural crops and livestock. 
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