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Abstract 
 

Large tracts of brigalow (Acacia harpophylla F. Muell. ex Benth. Mimosaceae) 

vegetation once covered the Queensland Brigalow Belt. Over the last century, a 

significant reduction in brigalow coverage has taken place (> 90%), primarily a result of 

land clearing for agricultural development.  Despite significant loss of brigalow and its 

associated biodiversity, potential exists for reversing the loss, avoiding further land 

degradation and promoting sustainable agricultural production, through the 

establishment of brigalow-cropping systems.  Such land-use systems are characterised 

by deliberate integration of stands of regrowth and remnant brigalow vegetation with 

areas of dryland cropping.   

 

This landscape ecology study increased knowledge and understanding of brigalow-

cropping systems using two complementary investigative approaches: (1) a 

conventional, reductionist, quantitative approach; and (2) a holistic, qualitative 

approach.  The first approach was used to investigate brigalow-cropping systems from 

agronomic, hydrological and ecological perspectives.  These perspectives provided 

insight into aspects of brigalow-cropping system function, structure and composition.  

The second approach looked at brigalow-cropping systems from the Goethean 

perspective.  This latter perspective sought to understand brigalow-cropping systems on 

a ‘whole-of-paddock’ basis. 

 

Each perspective constituted a discrete study, with the studies done on properties 

located in the Tara Shire of south-east Queensland.  Specifically, the agronomic 

perspective looked at tree-crop competition adjacent to stands of regrowth and remnant 

brigalow.  It found that young brigalow regrowth (< 5 years since last disturbance) did 

not have a negative impact on adjacent cropping.  However, older brigalow regrowth   

(> 10 years since last disturbance) and remnant brigalow vegetation had a significant, 

detrimental impact on adjacent production, with tree-crop competition zones ranging 

from 12–47 m.  Both field measurements and simulation modelling (using the 

Agricultural Production Systems Simulator, APSIM) suggested that reduced yield 

adjacent to brigalow stands was mainly due to competition for soil water.  It was 

concluded that from a short-term economic viewpoint, integration of brigalow 

vegetation with dryland cropping generally incurs a production cost.   
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The hydrological perspective investigated determinants of deep drainage and evidence 

for increased deep drainage in brigalow-cropping systems.  Based on plant water 

extraction patterns, plant available water capacities, and the temporal distribution of 

active green leaf material, it was reasoned that the highest rates of deep drainage are 

likely to occur under annual cropping; followed by regrowth brigalow and remnant 

brigalow vegetation.  Supporting evidence for relative differences in deep drainage rates 

was found in soil chloride data.  At one site in particular, chloride leaching had occurred 

following the clearing of brigalow vegetation and an eleven-year period of annual 

cropping.  On this basis it was inferred that rates of deep drainage under cropping were 

greater than those occurring under adjacent regrowth and remnant brigalow.   

 

The ecological perspective looked at the floristic and structural characteristics of 

regrowth and remnant brigalow vegetation, in order to improve understanding of 

brigalow community development and ecological values in brigalow-cropping systems.  

It found that brigalow communities tend to follow the inhibition model with respect to 

their floristic development, with Acacia harpophylla being the dominant woody species.  

Structural development in these communities is best characterised by changes in tree 

cover, shrub cover, grass cover and litter cover.  Overall, a considerable difference was 

observed between regrowth and remnant brigalow in terms of floristics and structure.  

At least 100 years of post-disturbance vegetation development is required before 90% of 

the floristic and structural characteristics of remnant brigalow will be recovered.  It was 

concluded, however, that the ecological value of regrowth brigalow stands should not 

be discounted; as they provide important habitat for both flora and fauna and are a 

means for increasing native vegetation cover in agricultural landscapes. 

 

The Goethean perspective looked at brigalow-cropping systems as a ‘whole’, rather than 

focusing on one particular element.  This perspective sought to appreciate and describe 

a brigalow-cropping system (at the paddock scale), in qualitative, holistic terms; based 

on a method developed by the German poet, playwright and natural scientist Johann 

Wolfgang von Goethe.  The insights and understanding obtained from application of the 

Goethean method complemented the quantitative, analytical understanding of brigalow-

cropping systems acquired from the agronomic, hydrological and ecological studies.  In 

particular, holistic, qualitative understanding was used to redesign a brigalow-cropping 

system in a single paddock in a manner that was sensitive to the ‘character’ of the 

landscape.  
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The two approaches to scientific investigation (quantitative and qualitative), and the 

insights they generated, were brought together in brigalow-cropping scenario analysis.  

Eight different brigalow-cropping scenarios were developed and evaluated at the 

paddock scale.  These scenarios were derived from the present-day status quo, a 

conventional approach to land-use redesign and the Goethean method.  A series of 

analyses were done to investigate economic versus ecological trade-offs for the different 

scenarios.  These analyses were based on results from the agronomic, hydrological and 

ecological studies.  The economic variable calculated for each scenario was total 

paddock yield (tonnes); while the ecological variables were deep drainage minimisation 

area (ha), native habitat area (ha) and total number of woody species (weighted index).  

Although deep drainage minimisation area is, strictly-speaking, a hydrological variable, 

for the trade-offs analysis it was considered an ecological variable, given its importance 

in terms of promoting the long-term health of agricultural landscapes.  

 

Using simple numerical analysis to evaluate the four variables altogether, it was found 

that a brigalow-cropping design directed at enhancing hydrological and ecological 

outcomes produced the ‘best’ result in terms of economic versus ecological trade-offs.  

With this particular design, a decrease in total paddock yield was offset by substantially 

greater gains in deep drainage minimisation area, native habitat area and total number of 

woody species.  In contrast, a design directed at enhancing agricultural production 

produced the ‘worst’ trade-offs result.  In the case of this latter design, an increase in 

total paddock yield was offset by relatively greater reductions in deep drainage 

minimisation area, native habitat area and total number of woody species.  

 

Overall, this thesis shows that production losses due to the integration of brigalow 

vegetation with cropping, can be substantially offset by ecological gains.  Hence, it is 

worthwhile for landholders to investigate opportunities for integrating regrowth and 

remnant brigalow stands with dryland cropping.  It is recommended that in the design of 

brigalow-cropping systems, conventional socio-economic and ecological considerations 

should be borne in mind.  However, it is also important to look towards a broader range 

of qualitative landscape values and novel land-use conceptualisations.  It is suggested 

that a multi-faceted approach, based on both conventional and Goethean methods for 

land-use redesign, will assist with the development of brigalow-cropping systems that 

promote the revitalisation, long-term health and sound management of fragmented 

landscapes; throughout the Tara Shire and the greater Brigalow Belt. 
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Chapter 1. General introduction 
 

Broadscale clearing of native vegetation and the advent of agricultural production in the 

Queensland Brigalow Belt has caused, and is continuing to cause, problems for the 

region’s ecosystems.  Land and water degradation are key concerns, with major issues 

being erosion and salinisation of soils; pollution, sedimentation and salinisation in 

groundwater and surface water systems; disruption of nutrient cycles and loss of soil 

fertility (Webb 1984a, Gasteen 1985, Roberts 1985, Dalal 1997).  In addition, extensive 

clearing of natural habitat to allow for broadscale planting of monoculture crops and 

introduced pastures has resulted in a significant decrease in biodiversity (Roberts 1985, 

Johnson 1997, Cogger et al. 2003, Woinarski and Catterall 2004).  Other post-clearing 

concerns include more extreme microclimatic conditions and a reduction in storage 

organs for carbon sequestration (Burrows 1993).   

 

A number of researchers have investigated aspects of Brigalow Belt ecosystems that 

directly or indirectly relate to the above issues (e.g. Thorburn et al. 1991, Dalal 1986, 

Johnson 1997, Tolmie et al. 2004).  Despite these research efforts, our understanding of 

Brigalow Belt ecosystems is still limited.  Improved knowledge is especially being 

sought with respect to the appropriate management of native vegetation, particularly in 

light of State and national concerns regarding land clearing and its association with land 

and water degradation, the enhanced Greenhouse effect and biodiversity decline.   

 

The most conspicuous native vegetation elements in the Brigalow Belt are Acacia (ca 

120 spp.) and Eucalyptus (ca 90 spp.), with these genera determining the character of 

most vegetation types throughout the region (Johnson 1984).  This study focused 

specifically on the management of brigalow (Acacia harpophylla) communities, defined 

as brigalow vegetation occurring as either dominant or co-dominant with other 

vegetation types.  Prior to agricultural development, brigalow communities existed 

throughout much of the Brigalow Belt and were a dominant feature of the region’s 

ecosystems.  Nowadays, these communities survive amongst vast areas of cropping and 

pasture production, as fragmented stands of regrowth and remnant vegetation. 

 

‘Regrowth vegetation’ is defined in this thesis as stands of brigalow vegetation 

undergoing secondary succession following some form of disturbance.  ‘Remnant 

vegetation’ is defined as stands that comprise mature brigalow vegetation.  The terms 
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‘regrowth’ and ‘remnant’ are used in the Queensland Vegetation Management Act 1999 

to distinguish between younger and older growth stands.  Under this legislation, 

remnant vegetation is specifically defined as having at least 50% of the cover, at least 

70% of the height, and typical predominant species, of undisturbed vegetation. 

 

To put this multidisciplinary landscape ecology study into context, firstly, an overview 

is provided of the Queensland Brigalow Belt, including its climatic and bio-physical 

features, its land-use history and its present-day land-use characteristics.  Secondly, an 

introduction is given to the concept of brigalow-cropping systems, i.e. deliberate 

integration of stands of regrowth and remnant brigalow vegetation with areas of dryland 

cropping.  Thirdly, to conclude the General Introduction, an outline is provided of the 

study itself.  This outline covers the structure of the thesis, including the subject scope, 

methodological scope, spatial scope and temporal scope used to develop understanding 

of brigalow-cropping systems. 

 

The phrases used interchangeably throughout this thesis to distinguish or classify stands 

of regrowth and remnant brigalow, at various stages of development, are ‘years since 

last disturbance’ or ‘time since last disturbance’.  These phrases are deemed more 

appropriate than ‘years old’ or stand ‘age’, as the latter are difficult to determine.  For 

instance, a variety of disturbance practices are employed for the management and 

control of native vegetation and these can have differing degrees of impact, with not all 

practices necessarily taking a community back to age ‘zero’.  Moreover, remnant stands 

of brigalow are unlikely to be truly pristine or even primary stands of vegetation.  

Remnant communities have resulted from, and reflect, cyclical natural disturbance 

processes, and in many cases, past human disturbance events too (McNeely 2004). 

 

Discrete blocks or patches of native vegetation are interchangeably referred to as 

‘stands’, ‘shadelines’ or ‘windbreaks’.  Brigalow trees regenerating after disturbance are 

interchangeably referred to as ‘regrowth’ or ‘suckers’.  All of these terms are 

commonplace in Australian ecological literature and are frequently used by landholders 

too. 
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1.1 An overview of the Queensland Brigalow Belt 
1.1.1 Location and origin of name 

The Brigalow Belt of eastern Australia, defined as supporting brigalow (Acacia 

harpophylla) dominant vegetation, occupies an extensive area from Collinsville in north 

Queensland (lat. 20°S) to Narrabri in New South Wales (lat. 30°S), and lies principally 

between the 500 mm and 760 mm annual rainfall isohyets (Isbell 1962, Coaldrake 

1970).  The Queensland portion of the Brigalow Belt (the area of interest to this study) 

extends throughout the Burdekin, Fitzroy and Upper Darling basins (Webb 1984a) 

(Figure 1.1).  Three major subregions have been delineated for the Queensland portion 

as follows: 

 

(1) Southern: between 28.5°S and 26°S, approximately south of the south-west railway 

through Roma and west of the Great Dividing Range 

(2) Central: between 26° and 23.5°S, approximately south of the central railway through 

Emerald and north and east of the Great Dividing Range 

(3) Northern: between 23.5°S and 20°S, north of the Tropic of Capricorn and east of the 

Great Dividing Range 

 
The Brigalow Belt derives its name from the open-forest and woodland communities 

characterised by brigalow vegetation, which once existed throughout much of the region 

(Johnson 1981, 1984).  The ‘brigalow’ term itself originated from indigenous Australia 

(Bailey 1984, Nix 1994).  Aborigines applied the term to several Acacia species, not 

only A. harpophylla, and used the term to refer to the ‘vegetation complex’ rather than 

single species (Bailey 1984).  Nowadays, ‘brigalow’ is used in both an all-

encompassing sense, to describe the area characterised by the presence of A. 

harpophylla, as well as in a singular sense, to describe A. harpophylla itself. 

 

This overview focuses on the Queensland Brigalow Belt and in particular, the southern 

subregion, where this study was conducted. 
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Figure 1.1: The Queensland Brigalow Belt.  Adapted from Harrison and Sharma (1984) 
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1.1.2 Climate 

Lloyd (1984a) describes the Queensland Brigalow Belt as lying between the major 

rainfall systems affecting northern and southern Australia, i.e. the winter-dominant 

rainfall zone (south from Tamworth, New South Wales) and the summer-dominant 

rainfall zone (north from Charters Towers, Queensland).  Generally, rainfall is highly 

variable, both throughout the year and between years.  For the southern Queensland 

Brigalow Belt, average annual rainfall varies between 500 mm and 750 mm 

(Queensland Department of Natural Resources and Mines 2002b).  Figure 1.2 shows 

mean monthly rainfall and pan evaporation data for the town of Dalby (27.2°S, 

151.3°E).  This data is typical of the southern subregion, with a main rainfall peak 

occurring from November to March.   
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Figure 1.2: Mean monthly rainfall (■) and pan evaporation (∆) data for Dalby (27.2°S, 151.3°E), 
Commonwealth Bureau of Meteorology (2003) 
 

 

 

In all months of the year mean evaporation levels exceed mean rainfall levels       

(Figure 1.2).  However, the difference between rainfall and evaporation is considerably 

less during the winter months than the summer months, which means that rainfall in the 

former season can sometimes be as effective as rainfall in the latter season (Coaldrake 

1970).  Average minimum and maximum temperatures for summer and winter in Dalby 
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are 18°C to 32°C and 5°C to 20°C, respectively (Commonwealth Bureau of 

Meteorology 2003).  Heat waves are known to occur during the warmer months, while 

winter can bring frosts and wide diurnal temperature ranges. 

 

In general, seasonal conditions in the Queensland Brigalow Belt are rarely ‘normal’.  A 

system of high pressure cells (anticyclones) dominates the climate and changes in the 

normal paths of these cells can produce climatic variations.  As a consequence, 

extended dry periods are common, with ‘drought’ often considered to be a return to 

normal seasonal patterns after a run of good years (Lloyd 1984a).  The high variability 

in seasonal conditions combined with lack of predictability in seasonal patterns, are the 

main climatic features impacting on agriculture.  Water availability is regarded as a 

major limiting factor for agricultural production in the region (Coaldrake 1970).   

 

In accord with the variable climate, opportunistic cropping systems are used by farmers 

to take advantage of good seasonal conditions whenever they occur.  The heavy black, 

grey and brown cracking clay soils found throughout the southern Queensland Brigalow 

Belt (see below) are advantageous for such systems, given their ability to store large 

quantities of plant-available moisture.  In addition, the sub-tropical temperature regime 

is ideal for opportunistic cropping, permitting a wide range of winter and summer crops 

to be grown e.g. wheat, sorghum, barley, chickpea and sunflowers (Lloyd 1984a). 

 

1.1.3 Soils 

Isbell (1962), who led a regional soils and vegetation survey of the Brigalow Belt, 

identified five broad soil groups supporting brigalow-dominant vegetation: (1) deep 

gilgaied clay soils, (2) sedentary clay soils, (3) alluvial clay soils, (4) miscellaneous 

deep clay soils and (5) light-textured red soils.  The two main clay groups, the deep 

gilgaied clays and the sedentary clays, cover approximately 86% of the Brigalow Belt.  

Of particular relevance to this study are the deep gilgaied clays, as these soils are found 

extensively throughout the southern sub-region.  ‘Gilgai’ comes from an Aboriginal 

word for ‘small waterhole’.  The phrase ‘gilgaied soil’ is used to refer to soils with 

alternating mounds and depressions, which result in an irregular, undulating land 

surface (Brown and Green 2001). 
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The deep gilgaied clays tend to occur on flat to gently undulating landscapes.  The soils 

have great depth (3–4.5 m), a coarse structure, and exhibit moderate to strong 

microrelief, with vertical intervals commonly 0.6–0.9 m and as great as 1.5 m (Isbell 

1962, Coaldrake 1970, Russell 1973).  The gilgai microrelief results from shrink-swell 

properties, whereby the soils tend to shrink and crack when dry, then when it rains, the 

cracks assist with infiltration.  As the wet soil expands the cracks close up, thus 

preventing loss of soil moisture through evaporation (Lloyd 1984b).  These shrink-swell 

mechanisms are advantageous for cropping, as they permit the deep clays to absorb and 

hold large quantities of plant-available water for long periods of time. 

 

From an agricultural perspective, another advantage of brigalow soils is their inherent 

fertility (Tothill 1976).  Lawrence and Sinclair (1989) have noted that undeveloped 

brigalow soils exhibit a relatively high concentration of organic carbon and nitrogen in 

the soil surface horizon.  Yule (1989) has attributed this high soil surface fertility to the 

presence of brigalow vegetation.  Brigalow is a leguminous (nitrogen fixing) species, 

usually surrounded by considerable tree litter (e.g. trunks, branches, twigs, bark, leaves) 

that undergoes continuous decomposition.  This ‘considerable litter’ was quantified by 

Moore et al. (1967) in their investigation of the biomass of a remnant brigalow stand.  

These researchers found that 46% of the stand’s biomass was comprised of dead 

material, both on the ground and standing. 

 

Brigalow soils can remain extremely productive for 5–10 years following tree clearing.  

This is due to the significant soil nitrogen stores produced by the brigalow vegetation, 

as well as the build up of soil water between clearing and burning of the native 

vegetation and the planting of the first crop or pasture.  However, beyond this time, 

large changes in soil fertility have been observed.  In particular, declines in soil organic 

carbon and total nitrogen concentrations have been measured (Dalal and Mayer 1986).  

In addition, Isbell (1962) and Coaldrake (1970) acknowledge that the structure, 

consistence and gilgai microtopography of the clay soils can pose problems for soil 

cultivation and crop harvesting. 

 

In terms of chemical characteristics, the brigalow soils are known to be moderately 

saline to highly saline, down to 2 m below the surface and sometimes deeper (Isbell 

1962, Russell et al. 1967, van Dijk 1980, Tunstall and Connor 1981).  In the mid-1980s 

it was believed that secondary salinisation was a possibility for much of the region, if 
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significant changes in hydrology resulted from changes in land-use (Webb 1984a).  

More recently, the salinity hazard map released by the Queensland Department of 

Natural Resources and Mines in 2002, indicated high potential for salinity problems to 

develop throughout much of the southern region of the Queensland Brigalow Belt if 

land and vegetation were managed inappropriately.  (Chapter 3 addresses this issue in 

detail.) 

 

Another feature commonly observed with the clay soils is an alkaline surface over 

strongly acidic subsoil, although the soils can also be acidic throughout (Reeve et al. 

1963, van Dijk 1980).  Russell et al. (1967) and Tunstall and Connor (1981) observed 

the soil profile to be increasingly acidic with depth.  Measured pH values from the 

Russell et al. (1967) study ranged from 5.3–5.6 at 0–10 cm, down to 3.9–4.1 at          

60–90 cm.   

 
1.1.4 Vegetation 

Johnson (1984) describes the major vegetation types in the Queensland Brigalow Belt 

as being semi-evergreen vine thickets, Acacia open-forests and woodlands, Callitris 

open-forests, Casuarina open-forests and woodlands, Eucalyptus open forests and 

woodlands and tussock grasslands.  As mentioned earlier, of interest to this study were 

the brigalow vegetation communities (A. harpophylla dominant and co-dominant) that 

once occupied approximately 7 million ha in Queensland (best estimate 7 020 360 ha) 

(Environment Australia 2002).  Nowadays, brigalow vegetation coverage has been 

reduced to approximately 660 000 ha, less than 10% of its original extent, primarily a 

result of land clearing for agricultural development.  The brigalow vegetation remaining 

in Queensland is somewhat patchy, ranging from narrow linear remnants adjacent to 

roadsides and paddocks, to larger blocks of varying sizes on freehold and leasehold land 

(West et al. 1999).  While some brigalow vegetation can be found in reserve areas, e.g. 

Southwood National Park, a number of Queensland’s brigalow communities are not 

conserved at all, or only poorly represented in reserves.   

 

The paucity of brigalow vegetation coverage has resulted in an endangered listing for 

brigalow ecological communities, (A. harpophylla dominant and co-dominant), under 

the Commonwealth Environment Protection and Biodiversity Conservation Act 1999.  
This listing came into force 4 April 2001.  In Queensland, the listing applies to sixteen 

regional ecosystems, all classified as endangered under the Queensland Vegetation 
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Management Act 1999 (see Appendix 1).  Classification of brigalow communities as 

endangered reflects the fact that while their individual floristic elements are generally 

resilient and for the most part, in little danger of extinction, the integrity of the virgin 

brigalow community has virtually disappeared (Johnson 1997). 

 

A number of researchers have investigated various biophysical and ecological 

characteristics of brigalow communities.  In a botanical sense, A. harpophylla can be 

described as a member of the small Microneurae group of Racosperma section 

Pleurinervia.  It is a member of the Mimosaceae family, and has a symbiotic 

relationship with root-nodulating Rhizobium species (Nix 1994).  Morphologically, 

Maslin and Whibley (cited in Bailey 1984: 5) describe the vegetation as “…branchlets 

apically silvery, phyllodes falcate, tapered at both ends, with a characteristic blue grey 

silvery sheen.  Racemes very short, often appearing as axillary clusters, flower heads 

globular, legumes sub-terete”.  Further details about brigalow vegetation physiology, 

floristics and structure are provided in chapters 2, 3 and 4.   

 

A distinctive feature of brigalow vegetation is its capacity to sucker (sprout) freely from 

an extensive system of shallow, lateral roots.  Suckering is initiated when there is any 

damage to aerial parts of the vegetation or to the lateral roots (Johnson 1964, Johnson 

1981, Nix 1994).  Control of brigalow regrowth (suckers) was identified as a serious 

land management issue in the 1960s and 1970s (Isbell 1962; Johnson 1964; Coaldrake 

1970) and still remains an issue for agricultural producers today, as the suckers compete 

with adjacent crops and pasture for moisture and nutrients. 
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1.1.5 Development history 

I think it impossible for any man to go through the country between Dalby and 

Roma – to pass through the horrible brigalow – and say it is not a good object 

to get rid of that curse.  I say it would pay the country handsomely to give that 

land away to any person who would cut down the scrub and let the grass grow 

on it. 
             Sir Samuel Griffith, former Premier of Queensland (cited in Ramsay 1984) 

 

And what a heartache, and a heartache, it proved to be for those settlers who 

attempted to clear it, for the brigalow had unique and unsuspected powers of 

survival, and it easily withstood attacks upon it by the hand axe – throwing up 

suckers some months later at the most disheartening moment. 
             (Ramsay 1984) 

 

…whole landscapes disappeared before the consequences of such change were 

understood or had begun to be appreciated. 
        Gasteen (1985: 47) 

 

Donohue (1984) has provided a comprehensive account of the development history of 

the Queensland Brigalow Belt from the perspective of the Queensland Lands 

Department.  This State Department was given responsibility for the progressive 

settlement, subdivision and development of the Queensland Brigalow Belt along with 

other rural lands throughout Queensland.   

 

In the very early days, the lands of the Brigalow Belt were divided into large runs or 

large pastoral holdings.  In the early part of the twentieth century, many of the better 

class lands were subsequently subdivided into perpetual leases or grazing selections of 

up to 24 000 ha.  Post World War II saw a significant increase in demand for land and 

further subdivision of the larger leases was enacted with the Lands Act Amendment Act 

1952 (Harrison and Sharma 1984).  Unfortunately, however, many of the new settlers 

struggled to sustain themselves, with development of the land proving to be a very 

expensive exercise (Donohue 1984). 

 

In 1959 a Royal Commission into land settlement took place.  Major findings from the 

Commission’s report included: (1) the brigalow country constituted the greatest 

potential of any land for development in Queensland, (2) new settlers with adequate 
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finance could succeed, and (3) the State should seek Commonwealth assistance for 

development of remaining brigalow lands in the national interest.  Following the Royal 

Commission, the State Government approached the Commonwealth for assistance and 

the Land Development (Fitzroy Basin) Scheme, also known as the Brigalow Lands 

Development Scheme, came into being in 1962.  This Scheme, one of the largest land 

development programs ever undertaken in Australia, saw a huge area of the central 

Queensland Brigalow Belt subdivided and developed for stock grazing, with limited 

cultivation (Lawrence and Sinclair 1989).   

 

While the 1960s Brigalow Scheme saw grazing predominate in the central Queensland 

Brigalow Belt, many landholders in the southern region opted for large scale cash 

cropping (Lloyd 1984b).  Cultivation began in the 1950s and led to considerable 

modification of the land, with complete removal of vegetation and land planing, later 

followed by laser levelling of gilgai country.  Since the 1950s there have been periods 

of cropping expansion and decline, in accord with seasonal conditions.  In recent years, 

despite the early predominance of grazing in the central Queensland Brigalow Belt, a 

considerable increase in the area under cropping has occurred (Yule 1989).   

 

Nowadays, when conditions permit and market prices are conducive, both summer 

crops (e.g. sorghum) and winter crops (e.g. wheat, barley) are grown.  This allows for 

diversification from a monocrop system, provides for late winter grazing, and also acts 

as a control for winter weeds by breaking the winter cropping cycle (Lloyd 1984b).  A 

major concern with cropping, however, has been a general decline in nitrogen and 

organic matter post-clearing.  Since the 1980s, calls have been made for remedial action 

to be taken in order to prevent productivity decline (Webb 1984a). 

 

Arguably, one of the most significant obstacles to maximising agricultural productivity 

in the Queensland Brigalow Belt has been the occurrence and persistence of brigalow 

vegetation itself (Isbell 1962, Johnson 1964, Coaldrake 1970, Anderson 1984, Fossett 

and Venamore 1993).  Donohue (1984) has recalled that in the early days, brigalow was 

viewed as a major hindrance and pest.  An early method of brigalow vegetation removal 

involved felling the vegetation, burning it and sowing Rhodes grass or cotton into the 

ashes.  Ringbarking was later a popular method, until the 1950s, when it became more 

economical to pull down trees using heavy machinery; two crawler tractors with a cable 

and heavy chain dragged between them.  However, clearing and disturbance of the 
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original vegetation often resulted in tremendous suckering (Johnson 1964, Coaldrake 

1970).  To combat the sucker regrowth problem, considerable effort was invested in 

investigating methods of regrowth control (Fossett and Venamore 1993).  These 

methods included heavy grazing of young regrowth with sheep, blade ploughing, 

conventional ploughing, fire and aerial spraying with 2,4,5-T (Johnson 1964, Anderson 

1984, Lloyd 1984b, Wright et al. 2002).   

 

In summary, development of the Queensland Brigalow Belt for agriculture was 

renowned as one of the greatest land clearing ventures in Australia, with the former 

Land Administration Commission of Queensland (LACQ) regarding the project as one 

of the State’s major achievements (Webb 1984a).  It has been noted, nonetheless, that 

the LACQ did ultimately lament the loss of much of the original vegetation (Donohue 

1984).  Indeed, Sattler and Webster (1984) comment that due to the massive scale of 

land development in the region, brigalow communities have been subject to greater 

modification than any other plant communities in the State, particularly in terms of total 

area cleared.   

 

Anderson (1984), in reflecting on the regrowth issue, has pointed out that while native 

woody weeds have been a significant menace associated with agricultural development 

in the Queensland Brigalow Belt, the woody weed problem itself is an artefact of the 

modifications that have been imposed on the original brigalow communities.  

Furthermore, it can be argued that many of the wider ecosystem problems (e.g. land and 

water degradation, biodiversity loss) currently associated with agriculture in the 

Queensland Brigalow Belt are also an artefact of modifications to, and/or removal of, 

native vegetation.  It appears then, that in order to move towards more sustainable land-

use systems, there is a need to reconsider views held towards brigalow vegetation.  

Deliberate integration of brigalow communities with agricultural production as opposed 

to their elimination, is an important consideration for both present and future land-use. 
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1.2 Integration of brigalow vegetation with dryland cropping 
 

Weeds are plants whose virtues have not yet been discovered 
           Ralph Waldo Emerson 

 

This thesis focuses on land-use systems where regrowth and remnant brigalow 

vegetation is integrated with dryland cropping.  Increasing research effort is being 

directed towards the development and management of integrated land-use systems as 

they are viewed as a means for simultaneously achieving a range of production, 

biodiversity conservation and ecosystem function objectives (Ryan et al. 2002, 

Stirzaker et al. 2002a, Albrecht and Kandji 2003).   

 

In many integrated land-use systems (e.g. agroforestry systems), trees produce 

economic commodities such as livestock fodder, biofuel, essential oils, bush foods, 

timber and charcoal (Ong and Leakey 1999, Ryan et al. 2002, Kidanu et al. 2004, 

Montagnini and Nair 2004, Murray and Bannister 2004, Thevathasan and Gordon 

2004).  In other integrated land-use systems, (e.g. brigalow-cropping systems), trees 

may not produce a saleable product.  Nonetheless, regardless of their direct profit value, 

trees are generally thought to contribute to the maintenance of a healthy production 

system by minimising soil erosion and deep drainage; assisting with the maintenance of 

soil structure; reducing the leakiness of the nutrient cycle; providing beneficial 

microclimatic effects for both livestock and crops (e.g. shading, windbreak protection, 

reduced evaporation fluxes); hosting beneficial fauna (e.g. insects and birds that target 

crop pests); and having a positive influence on soil fertility (e.g. leguminous species) 

(Ong 1996, Rao et al. 1998, Ong and Leakey 1999, Ong and Rao 2001, Ryan et al. 

2002).  Aside from improving the health of agricultural systems, trees are also important 

providers of wildlife habitat and they can make a significant contribution to landscape 

aesthetics.  Trees thus have the potential to provide both direct and indirect benefits, 

based on their production of commodities and/or their contribution to ecosystem health, 

wildlife habitat and landscape appearance. 

 

Yet despite providing a range of benefits, trees can also represent a cost to landholders 

and pose an impediment to conventional agricultural practices (Kuemmel 2003).  

Potential direct and indirect costs include lost short duration production opportunities, 

particularly opportunistic cropping, due to areas being set aside for trees; reduced 
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cropping and pasture production as a result of trees competing for light, water and 

nutrients; restriction of, and/or interference with, agricultural operations (e.g. sowing, 

harvesting, mustering of stock); provision of habitat for pest fauna and flora; and tree 

establishment and maintenance costs (Carberry et al. 2002, Huth et al. 2002, García-

Barrios and Ong 2004). 

 

In order to mitigate costs and maximise benefits associated with trees, much of the 

integrated land-use research conducted to date has focused on species that produce 

economic commodities and which thus provide some form of direct income (e.g. Lefroy 

et al. 2001, Borsboom et al. 2002, Kidanu et al. 2004).  However, when integrated land-

use systems are based on trees that produce economic commodities, this often means 

utilisation of species that are non-indigenous.  Such exotic species present their own 

unique considerations and challenges.  For example, from a biodiversity conservation 

viewpoint, it could be argued that exotic species are as deleterious as conventional 

agricultural crops, particularly if planted at the expense of indigenous species and 

especially so, if they become invasive woody weeds (Paynter et al. 2003, McNeely 

2004). There are some unfortunate examples of agroforestry causing problems for 

native ecosystems in south western Australia, where Pinus spp., non local Eucalypt and 

Acacia species escaped from their plantation area (Main 1999).  Moreover, Ong and 

Leakey (1999) highlight an example from southern India, where non-indigenous 

Eucalypt plantations extracted considerably greater amounts of soil water than locally 

adapted species, causing serious concerns for medium and long-term water budgets. 

 

Given the problems associated with non-indigenous species, there appears merit in 

investigating opportunities for integrating indigenous tree species with agricultural 

production systems (McNeely 2004).  Many indigenous tree species, such as brigalow, 

do not provide a form of direct income for landholders.  However, they can often be 

incorporated via natural or at least semi-natural succession, as opposed to an expensive 

tree-planting exercise which is likely to entail costs for land preparation, seedlings, as 

well as weed and pest control.  Moreover, indigenous species are likely to be well-

suited to local environmental conditions.  This means that they will have a stronger 

chance of survival, and few, if any, maintenance costs.  Importantly, such species are 

also highly desirable from a biodiversity conservation perspective (Smeding and Joenje 

1999).   
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In support of integrated land-use systems based on native species, Hamblin (1991) 

suggests that natural regrowth is the most cost-effective means of promoting soil and 

water conservation in rural areas.  Furthermore, Paynter et al. (2003) discourage 

introduction of exotic plant species, particularly in instances where indigenous species 

can be used to fulfil the same landscape functions or perform the same tasks as exotics.  

There is, however, a need to investigate whether the potential benefits that indigenous 

species confer, outweigh or at least mitigate potential costs, particularly those associated 

with agricultural production losses.   

 

In light of this overview of integrated land-use systems, as well as the biophysical 

characteristics and development history of the Brigalow Belt, this study explored the 

opportunities and challenges associated with in-situ tree-crop configurations; i.e. 

integration of stands of regrowth and remnant brigalow vegetation with dryland 

cropping, within brigalow’s area of endemism.  Study aims and research questions are 

detailed below.   
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1.3 Thesis overview 
1.3.1 Subject scope, methodological scope, aims and research questions 

The subject of focus for this study was brigalow-cropping systems.  The study was 

driven by two overall aims: 

 

(1) To use a multidisciplinary framework to gain insight into aspects of brigalow-

cropping system function, structure and composition; as well as brigalow-cropping 

systems from a ‘whole-of-paddock’ perspective;  

(2) To bring the above insights together in land-use scenario analysis, and through this 

analysis, develop understanding of how the integration of brigalow vegetation with 

dryland cropping can meet both ecological and economic objectives. 

 

Following the first aim, insight into brigalow-cropping systems was gained by way of 

two approaches: (1) a conventional, reductionist, quantitative approach to scientific 

investigation; and (2) a holistic, qualitative approach.   

 

The first approach was used to look at brigalow-cropping systems from three distinct, 

yet inter-related perspectives: agronomy, hydrology and ecology (Figure 1.3).  A 

discrete study was conducted for each perspective, each with its own aims and research 

questions.  These particular perspectives were investigated because they figure 

prominently in present-day vegetation management discussions and debates and they 

have been identified as key concerns by landholders, researchers and other stakeholders 

(Boulter et al. 2000, Southern Brigalow Regional Vegetation Management Committee 

2003).   
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        Figure 1.3: Subject and methodological scope of the thesis 

 

 

More specifically, the agronomic perspective, the subject of chapter 2, focused on 

measuring the extent and magnitude of tree-crop competition adjacent to stands of 

regrowth and remnant brigalow.  It also used a simulation modelling framework, 

namely, the Agricultural Production Systems Simulator (APSIM), to investigate the 

major determinant of yield outcomes in brigalow-cropping systems.  The agronomic 

perspective was important to consider as the levels of agricultural production that can be 

achieved in brigalow-cropping systems will have a significant influence on landowners’ 

vegetation management decisions.  Furthermore, the agronomic study acknowledged the 

fact that the landscapes of the Brigalow Belt are now largely dominated by, and 

managed for, production purposes.  The aims of the agronomic study were: 

 

(1) To investigate the extent and magnitude of tree-crop competition and gain an 

indication of how far brigalow root systems extend into the zone of crop production; 

(2) To use field data from two winter cropping seasons, (2003 and 2004), to 

parameterise the APSIM and evaluate its ability to model biomass and yield in the 

competition zone and the ‘open paddock’; and 

Quantitative approach             
(conventional scientific method)

Qualitative approach   
(Goethean method)

Agronomic, hydrological & ecological 
perspectives of brigalow-cropping systems 

(chapters 2, 3 & 4, respectively)

Goethean perspective of         
brigalow-cropping systems       

(chapter 5)

Land-use scenario analysis       
(chapter 6)

Recommendations for  
brigalow-cropping integration       

(chapter 6)
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(3) To use APSIM to specifically investigate two key aspects of brigalow cropping 

seasons: (i) the respective influences of ‘starting’ soil water conditions and plant 

density, on crop yield, and (ii) the degree to which wheat yields in the competition 

zone and the ‘open paddock’ vary with growing season (i.e. winter rainfall) 

conditions. 

 

In line with these aims, the following research questions were investigated: 

 

(1) What is the horizontal extent of the tree-crop competition zone for brigalow stands 

of different years since last disturbance? 

(2) What is the intensity of tree-crop competition, measured in terms of a reduction in 

crop yield? 

(3) To what degree does soil water content change with increasing distance from 

brigalow stands of different years since last disturbance? 

(4) What are the relative effects of ‘starting’ soil water and plant density on crop yield 

in the tree-crop competition zone? 

(5) How does yield in the competition zone and the ‘open paddock’ vary with winter 

rainfall? 

 

The hydrological perspective, the topic of chapter 3, investigated water use 

characteristics and soil chloride levels under both brigalow vegetation and annual 

cropping, to assess if there was evidence of an increase in deep drainage following tree 

clearing.  This perspective was a key consideration, particularly given soils in the 

southern Brigalow Belt are inherently saline (Isbell 1962, Russell et al. 1967, Tunstall 

and Connor 1981), with the potential to give rise to secondary salinisation if land and 

vegetation are managed inappropriately.  The aims of the hydrological study were: 

 

(1) To examine and compare water extraction patterns for annual cropping (wheat) and 

brigalow stands of different years since last disturbance; and 

(2) To analyse soil chloride data measured under annual cropping and brigalow stands 

of different years since last disturbance, to assess if there is evidence of salt 

mobilisation, and hence, increased deep drainage, following a change in land-use. 

 

In line with these aims, the following research questions were investigated: 
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(1) How do volumetric water profiles compare between different distances from 

brigalow stands of different years since last disturbance? 

(2) How do depths of water extraction compare between annual cropping and brigalow 

stands of different years since last disturbance? 

(3) How do plant available water capacities compare between annual cropping and 

brigalow stands of different years since last disturbance? 

(4) How do soil chloride profiles measured under annual cropping compare with those 

measured under brigalow stands of different years since last disturbance? and 

(5) Do total soil chloride values decrease with increasing distance from brigalow stands 

of different years since last disturbance?  

 

The ecological perspective, detailed in chapter 4, focused on the structural and 

compositional dynamics of stands of regrowth and remnant brigalow.  The ecological 

perspective was an obvious choice for study given the endangered status of brigalow 

communities.  Greater understanding of community dynamics is highly desirable, in 

order to develop vegetation management plans that can effectively restore and protect 

ecological values in fragmented Brigalow Belt landscapes.  The aims of the ecological 

study were: 

 

(1) To describe, in qualitative and quantitative terms, their floristic and structural 

characteristics;  

(2) To assess their degree of homogeneity or heterogeneity, with respect to floristic and 

structural characteristics; 

(3) To collect qualitative and quantitative information describing vegetation disturbance 

and management histories as well as site characteristics and environmental 

conditions; 

(4) To assess the relative usefulness of years since last disturbance, number of 

disturbance events and perimeter-area ratio as indicators of the floristic and 

structural development of brigalow stands; 

(5) To predict how long it might take regrowth brigalow to assume the floristic and 

structural characteristics of remnant brigalow; and 

(6) Based on the above qualitative and quantitative information, to critically assess 

whether the 15 year old ‘cut-off’ specified for the clearing of regrowth under the 

Environment Protection and Biodiversity Conservation Act 1999, is relevant with 

respect to the meeting of ecological objectives in Brigalow Belt landscapes. 
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In line with the above aims, the following research questions were investigated: 

 

(1) How do brigalow woody species richness, abundance and diversity change with 

respect to (i) years since last disturbance, (ii) number of disturbance events and    

(iii) perimeter-area ratio? 

(2) How does brigalow stand structure change with respect to (i) years since last 

disturbance, (ii) number of disturbance events and (iii) perimeter-area ratio? and 

(3) What relationships exist between brigalow floristic and structural variables? 

 

The first approach to scientific investigation provided valuable information about 

brigalow-cropping systems in the terms of conventional science, namely, the disciplines 

of agronomy, hydrology and ecology.  This approach was essential for advancing 

understanding of the function, structure and composition of these land-use systems.  

However, the first approach, due to its very nature, could only provide a reductionist, 

quantitative view of particular aspects of brigalow-cropping systems.   

 

In other words, the first approach resulted in data and mathematical relationships that 

described particular agronomic, hydrological and ecological aspects of brigalow-

cropping.  However, when considered in a landscape context, these integrated land-use 

systems are actually far richer than the mathematical abstractions used to explain their 

function, structure and composition.  It was thus reasoned that it would be worthwhile 

to seek additional insights from a second, complementary approach to scientific 

investigation, which sought to understand brigalow-cropping systems from a holistic, 

qualitative perspective. 

 

The second approach to scientific investigation was the focus of chapter 5.  This 

approach allowed for a novel examination of brigalow-cropping systems using the 

Goethean method (Figure 1.3).  The Goethean method was developed by the German 

poet, playwright and natural scientist Johann Wolfgang von Goethe (1749-1832).  It has 

not figured prominently in modern scientific method development and discourse, hence, 

chapter 5 provides considerable detail about its nature, intent and practice.   

 

To introduce the method here briefly, it can be said that in recent times, the Goethean 

approach has been attracting increasing attention as it seeks to comprehend its subjects 

of study (e.g. animals, plants, landscapes) as ‘a whole’, looking to understand them in 
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dynamic, living terms (Bortoft 1996), rather than reducing them to mathematical 

abstractions and simple cause and effect relations.  Put simply, the Goethean method 

considers at once the appearance, form and function of phenomena; their 

metamorphosis through time; and the environment in which they exist; with a view to 

appreciating their living expression (Simms 2005) and achieving a deep participation 

and deep relationship with them, in a way that is responsible and symbiotic (Hoffmann 

1994).  The method is a process for arriving at a different, yet complementary 

perspective to that offered by conventional science (Sepper 2005). 

 

To date, very few, if any, landscape ecology studies in Australia have made use of the 

Goethean approach.  Indeed, Hoffman’s (1994) study, which is aligned with social 

ecology more so than landscape ecology, was the only Australian-based study found in 

the literature.  Thus, chapter 5, which considers brigalow-cropping systems from a 

Goethean perspective, and subsequently arrives at a brigalow-cropping system design 

on a ‘whole-of-paddock’ basis, can be viewed as exploring new territory for landscape 

ecology in this country.  The aims of the Goethean study were: 

 

(1) To develop an understanding and appreciation of the Goethean method;  

(2) To apply the Goethean method and arrive at a brigalow-cropping design for 

Paddock 2 on ‘Property A’; on the basis of a ‘whole-of-paddock’ perspective; 

(3) To assess the suitability of the Goethean method for landscape redesign in 

agricultural landscapes, particularly in an Australian context; and 

(4) To assess whether the Goethean method might allow landscape ecologists to 

develop greater sensitivity towards, and a greater awareness of, the landscapes they 

are working in. 

 

No specific research questions were developed for the Goethean chapter. 

 

The quantitative and qualitative approaches to scientific investigation, and in particular, 

the insights they generated, were brought together in land-use scenario analysis (Figure 

1.3), to pursue the second aim stated above.  In chapter 6, eight different brigalow-

cropping scenarios are evaluated at the scale of a single paddock, with these scenarios 

being derived from the present-day status quo, a conventional approach to land-use 

redesign, and the Goethean perspective.  A series of analyses were undertaken to 

examine how the land-use scenarios differed in economic and ecological terms; with 
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these analyses based on results from chapters 2 (the agronomic perspective), 3 (the 

hydrological perspective) and 4 (the ecological perspective).  On the basis of comparing 

the different land-use scenarios, recommendations were subsequently developed for 

brigalow-cropping integration.  These recommendations have a foundation in both 

quantitative and qualitative understanding of brigalow-cropping systems.  The aims of 

the scenario analysis chapter were: 

 

(1) To develop and apply a simple analysis framework for calculating the agronomic, 

hydrological and ecological outcomes of different brigalow-cropping scenarios; 

(2) To evaluate conventional and Goethean-based approaches to land-use redesign; and 

(3) To produce recommendations for integrating brigalow vegetation with dryland 

cropping, in a way that meets both ecological and economic objectives. 

 

It was deemed unnecessary to develop research questions for the scenario analysis 

chapter. 

 

It is acknowledged that both the scope and scale of the land-use scenario analysis was 

relatively limited; being restricted to a single paddock and to an assessment of a small 

subset of agronomic, hydrological and ecological variables.  The analysis was restricted 

in this manner due to time and resource constraints and also the fact that data were not 

collected for other relevant variables (e.g. rates of deep drainage and soil nutrient status 

under different land uses, fauna richness of brigalow stands of different size and 

different years since last disturbance).  This effectively means that conclusions and 

recommendations could not be made with respect to all of the ecological versus 

economic trade-offs likely to occur in the landscape under consideration. 

 

However, the main objective of chapter 6 was to investigate the potential for developing 

a simple, practical tool that would provide information about some of the implications 

of different land-use decisions; rather than to develop and apply a comprehensive 

analysis framework.  This study was specifically set up so that future studies, with 

access to a greater range of data and resources, could expand on the framework 

developed here, incorporating other pertinent variables and potentially increasing the 

scale of land-use scenario analysis (e.g. to the whole-farm or catchment scale). 
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1.3.2 Spatial scope 

Fieldwork was done in the Tara Shire, approximately 400 km west of Brisbane, on the 

western edge of the Darling Downs, between 149–151° E and 27–28° S (Figure 1.4).  

The Shire is situated in the southern region of the Queensland Brigalow Belt and falls 

within the Queensland portion of the Murray-Darling Basin.  This district experiences a 

semi-arid climate, as described in section 1.1.2.  Throughout the Shire there are 

extensive areas of deep gilgaied clay soil (Isbell 1962) and all field sites were located on 

this soil type.  

 

The Tara Shire was identified as a suitable area for studying brigalow-cropping systems 

following discussions with representatives from the Queensland Department of Natural 

Resources and Mines, Greening Australia and the Commonwealth Scientific and 

Industrial Research Organisation.  These representatives indicated that stands of 

remnant and regrowth brigalow still remained in the district, despite extensive clearing 

of native vegetation over the last century, and that land and vegetation management, as 

well as salinity, were issues of concern for landholders. 

 

Another factor that influenced the location of field sites in the Tara Shire was the 

existence of a body of site-relevant literature on the ecology and physiology of brigalow 

vegetation as well as the physical and chemical properties of deep gilgaied clay soils 

(e.g. Isbell 1957, Isbell 1962, Reeve et al. 1963, Johnson 1964, Moore et al. 1967, 

Russell et al. 1967, van Dijk 1980, Tunstall and Connor 1975, Tunstall and Connor 

1981, Scanlan 1991).  This literature provided a foundation for the present study. 

 

1.3.3 Temporal scope 

Fieldwork was done during the 2003 and 2004 winter cropping seasons for the 

agronomic and hydrological studies; during spring 2004 for the ecological study; and 

April 2006 for the Goethean study.  However, for the agronomic study, simulation 

modelling was used to extend its temporal scope beyond the two fieldwork seasons, 

thus allowing for analysis of brigalow-cropping interactions over a number of years and 

a range of seasonal conditions. 
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1.3.4 Thesis outline 

Chapters 2, 3 and 4, which respectively cover the agronomic, hydrological and 

ecological studies, constitute the three main ‘experimental’ chapters of the thesis.  These 

chapters were written in the style of conventional science.  The fifth chapter, which 

involves a Goethean study of brigalow-cropping systems, took a more unorthodox form.  

It was partly written in the style of conventional science but also reflects a more 

flexible, free-flowing, contemplative style.  This latter style is in accord with the 

descriptive, qualitative nature of the Goethean method.  The sixth chapter of the thesis, 

which brings together results from the previous chapters in land-use scenario analysis, 

was largely written in the style of conventional science but with some modifications, 

(e.g. it does not include an extensive review of literature).  These modifications are due 

to the sixth chapter being a synthesis chapter.  The thesis concludes with some general 

reflections on the research process and research practice as a landscape ecologist. 
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Chapter 2. Integration of brigalow vegetation with 
dryland cropping: an agronomic perspective 

 

The brigalow country constitutes the greatest potential of any land for 

development in this state. 
 Dr Percy Skerman, Bureau of Investigation 1959, cited in Bailey (1984) 

 

2.1 Introduction  
In integrated land-use systems, like brigalow-cropping systems, the trees can both 

stimulate and compete with adjacent cropping (García-Barrios and Ong 2004).  Possible 

stimulation effects include the positive impact of trees on soil fertility, microclimate and 

soil water (via hydraulic lift); while competitive effects generally arise due to the trees 

capturing water, light and nutrients at the expense of the crop (Burrows 1993, Scanlan 

and McKeon 1993, Lefroy and Stirzaker 1999, Ong and Leakey 1999, Jose et al. 2004, 

Kidanu et al. 2004, Ludwig et al. 2004).  In semi-arid regions, like the southern 

Brigalow Belt, the competition effect generally dominates tree-crop interactions (Rao et 

al. 1998) and results in a tree-crop competition zone (Carberry et al. 2002).  This zone 

is characterised by reduced crop yield in the area immediately adjacent to the trees.   

 

The domination of the competition effect is largely due to water being a major limiting 

factor for semi-arid region agricultural productivity (Coaldrake 1970, Tunstall and 

Walker 1975, Rao et al. 1998, Huth et al. 2002).  In the southern Brigalow Belt in 

particular, water availability is limited due to low and variable rainfall and high salt 

content, particularly at depth in the soil profile (Tunstall and Connor 1981).  Given then, 

that the major interaction in brigalow-cropping systems is likely to be competition for 

water, this study investigated the water use patterns of brigalow stands of different years 

since last disturbance, situated adjacent to annual cropping; and subsequent crop 

production outcomes.  

 

There are some key inter-related factors that determine the partitioning and use of water 

resources when a stand of trees is positioned adjacent to a cropping area.  These include 

the respective rooting architectures and rooting activity of the trees and crop; above-

ground tree structural characteristics or extent of tree development; and the available 

and accessible supply of water.  These factors will be discussed in turn. 
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Trees generally have deeper root activity compared to pastures and annual crops (e.g. 

Lawrence and Thorburn 1989), however in semi-arid environments, there is often 

considerable overlap in rooting zones, particularly in the top 0.5–1.0 m of the soil 

profile (Ong et al. 1996, Ong and Leakey 1999).  This rooting overlap tends to limit 

spatial complementarity and means that trees not only compete with adjacent crops 

during the cropping season but they also reduce soil moisture in the surface horizons 

during the fallow period (Lott et al. 2003).  The year-round capture of soil water by the 

trees can have an adverse impact on crop yields, particularly given that crops grown in 

semi-arid regions often rely on stored water, (i.e. water accumulated during the fallow), 

especially during the early stages of their life cycle (Isbell 1962, Ong et al. 1996).   

 

In some integrated land-use systems it is, nonetheless, possible to achieve spatial 

complementarity of rooting activity between trees and adjacent crops, even when 

rooting zones overlap.  Such complementarity can be realised if trees have the ability to 

switch from the use of surface water (via lateral roots) to groundwater (via deeper 

roots), rather than utilising both water sources at once (White et al. 2002).  Where this 

occurs, the surface water can be left for use by the cropping system.  However, given 

that groundwater systems in the southern Brigalow Belt are generally too far below the 

surface for even tree roots to access (Isbell 1962), this type of complementarity is 

unlikely to occur in brigalow-cropping systems.   

 

In environments where there is no access to a groundwater table, trees will often 

develop an extensive horizontal root system in order to intercept rainfall from a larger 

area (van Noordwijk et al. 1996).  Brigalow vegetation has a recognised tendency to 

develop such a root system (West et al. 1999), with Johnson (1964) having observed 

lateral roots to occur in the upper 90 cm of the soil profile, being particularly well 

developed in the top 30 cm.  Empirically, Tunstall and Connor’s (1981) hydrological 

study of a mature brigalow community supported Johnson’s observation, by 

demonstrating that most of the soil water fluctuations underneath brigalow trees 

occurred in the top 1 m section of the soil.   

 

Inter-related with below-ground rooting activity are above-ground tree structure and/or 

extent of tree development.  Rao et al. (1998) explain that there are two zones that 

progressively extend with the age and size of trees: (1) a zone of root competition that 

stretches some area beyond the tree crown, and (2) a zone of light and root competition 
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that occurs mostly under the tree crown.  Effectively, this means that an integrated land-

use system that has minimal impact on crop productivity in the initial years of 

establishment, could end up leading to significant yield reductions in subsequent years 

(Ong et al. 1996). 

 

In line with observations from Rao et al. (1998) and Ong et al. (1996), a study of 

remnant brigalow shadelines as well as plantation Eucalypts at various stages of 

development found a close relationship to exist between tree height and the extent of the 

tree-crop competition zone (Carberry et al. 2002).  Based on this relationship, Carberry 

et al. (2002) developed a simple ‘rule of thumb’ for medium to low rainfall areas, 

whereby the extent of the tree-crop competition zone was approximated as being three 

times the height of adjacent trees.  The applicability of this ‘rule of thumb’ has not been 

investigated for regrowth vegetation, particularly young brigalow suckers.  A key 

question is whether these suckers, despite their stage of development, might already 

have extensive rooting architecture, these roots being a relic of the previously cleared 

trees and the origin of the suckering habit.  If such rooting architecture happens to be 

active, then conceivably, the young regrowth could exert a relatively greater 

competition effect than remnant vegetation and the ‘rule of thumb’ may not apply.   

 

The applicability of the ‘rule of thumb’ to regrowth brigalow is also questionable given 

it is leaf canopy, more so than tree height, that forms the basis of a tree’s above-ground 

demand for water and nutrients (van Noordwijk et al. 1996).  In effect, the leaf canopy 

defines the transpirational needs of the tree and in turn, the level of root growth and root 

activity.  It is thought that with regrowth brigalow tending to develop a very leafy, bush-

like canopy, its demand for water may not be adequately reflected in its height.  Thus, it 

may be the case that a measure of the leaf canopy is a better predictor of the extent of 

the tree-crop competition zone.  Indeed, Scanlan (1991) found that leaf biomass of 

regrowth brigalow communities was a good predictor of adjacent pasture production.  

 

The last factor for discussion is the supply of water that is both available and accessible 

to an integrated land-use system.  This factor is likely to have an important influence on 

the two factors already discussed.  According to Huth et al. (2002), recent climatic 

history and the subsequent supply of water will have a significant bearing on the 

interplay between trees and crops.  Ong et al. (2002), in summarising findings from a 

number of agroforestry studies in the semi-arid tropics, reported that the intensity of 
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tree-crop interactions is highly dependent on seasonal rainfall.  Supporting this notion, a 

study by Scanlan and McKeon (1993) demonstrated that lowest levels of tree-grass 

competition occurred during high rainfall years, while dry years led to strong 

competition.  Similarly, Sudmeyer et al. (2002a) found that for the Esperance District in 

Western Australia, in years with average or above-average rainfall, there was a lesser 

reduction in crop yield adjacent to trees and a smaller tree-crop competition zone, in 

comparison with dry years. 

 

Stirzaker et al. (1998) explain that for Australian conditions in particular, the greatest 

challenge to successfully integrating trees with crops and evaluating the performance of 

tree-cropping systems is annual variability in rainfall.  It can prove difficult evaluating 

the performance of tree-crop systems because years of ‘average’ rainfall are generally 

interspersed with years of above- and below-‘average’ rainfall.  Thus, if tree-crop 

competition measurements are conducted during ‘wet’ years, crop yield may be largely 

unaffected and trees and crops may be seen to co-exist relatively well.  Conversely, if 

monitoring is undertaken during ‘dry’ years, yield may be poor or even non-existent and 

trees will be viewed as being a very strong competitor for resources.  

 

With water availability and accessibility being a key determinant of tree-crop 

interaction, ideally studies monitoring soil water dynamics and associated tree-crop 

competition should undertake fieldwork across a range of seasonal conditions.  In short-

term studies, however, it is impossible to sample the range of possible seasons/climatic 

conditions.  Moreover, it is generally recognised that in attempting to characterise a 

complex system such as an integrated land-use system, researchers who rely solely on 

collection of field data often encounter a number of problems that limit their 

understanding of system dynamics.  This is largely due to the fact that various natural 

mechanisms and processes (e.g. climatic patterns) operate intermittently, incrementally 

and/or variably.  Thus, the full effect of these mechanisms and processes cannot be 

determined on the basis of data collection over a few years only (Keating et al. 2002, 

Meinke et al. 2002).   

 

One means for overcoming these data collection issues is to use a modelling or 

simulation approach.  Such an approach is often based on a limited set of field data but 

importantly, it can provide information beyond the limited data set, both in a temporal 

and spatial sense.  Indeed, Scanlan and McKeon (1993) recommended the use of 
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simulation models for integrated land-use systems after observing considerable 

variability in tree-pasture competition from year to year due to varying weather 

conditions.   

 

A modelling tool that has recently been applied to integrated land-use systems is the 

Agricultural Production Systems Simulator (APSIM).  APSIM is a software system that 

can simulate various biophysical aspects of crop, pasture and tree production; and 

account for complex interactions between climate, soils, vegetation and on-farm 

management practices (McCowan et al. 1996, Keating et al. 2002, Tolmie et al. 2002, 

Walker et al. 2002).  Essentially, APSIM works according to a component-based design 

that allows individual modules to communicate through a common communications 

engine (Huth et al. 2002).  This means that a module for a particular crop (e.g. wheat) 

communicates with modules for simulating various soil processes (e.g. carbon and 

nitrogen cycling, water and solute fluxes, soil acidity).  These communication processes 

then lead to the simulation of a complex farming system at the scale of a single point in 

space or some discrete homogenous area (e.g. a paddock with uniform soil conditions).  

Depending on the research question(s) being addressed, simulations can be run for a 

single season only, or over a longer-term, for multiple seasons. 

 

Huth et al. (2002) applied APSIM to the simulation of a conceptual agroforestry system 

at Dalby, Queensland, which consisted of a stand of Eucalyptus argophloia trees 

situated on the border of a paddock cropped to winter chickpea (Cicer arietinum L.).  

These researchers used the APSIM framework to investigate the potential benefits and 

risks of establishing trees in association with cropping, dynamically calculating 

windbreak and tree-crop competition effects on the neighbouring crop on a daily basis.  

Based on their modelling exercise, Huth et al. (2002) found that yield depression at the 

tree-crop interface in the simulated environment was largely due to reduced soil water 

storage near the trees at the time of sowing.   

 

While the Huth et al. (2002) study provided an indication that APSIM can be used to 

represent real integrated land-use systems, the researchers stressed the need to test their 

simulation results against observed data, in order to adequately validate the model.  The 

present study, by directly measuring soil water dynamics and yield outcomes at sites 

where regrowth and remnant brigalow stands were situated adjacent to a wheat 

(Triticum aestivum) crop, contributed to meeting such data requirements.  In addition, 
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the study explored further applications of APSIM related to integrated land-use systems, 

using the modelling framework to examine how plant density, ‘starting’ soil water 

conditions (i.e. soil water at the time of sowing), and different growing season 

conditions impact on crop yield in the tree-crop competition zone and the ‘open 

paddock’ (i.e. the area beyond the influence of the trees). 

 

Importantly, this work is possibly the first attempt to investigate whether the rooting 

architecture of regrowth brigalow might show better, worse or similar complementarity 

with annual cropping than the rooting architecture of remnant brigalow.  In fact, very 

few, if any, studies in Australia have looked at tree-crop competition adjacent to 

regrowth vegetation.  The majority of Australian tree-crop competition studies have 

looked at interactions between planted shadelines/windbreaks and an adjacent crop in 

the winter-dominant rainfall zone of southern Australia (e.g. Lefroy and Stirzaker 1999, 

Lefroy et al. 2001, Cleugh et al. 2002, Sudmeyer et al. 2002a, Unkovich et al. 2003, 

Oliver et al. 2005).  Only limited research has been done in the summer-dominant 

rainfall zone of northern Australia, investigating tree-crop interactions adjacent to 

stands of remnant vegetation (e.g. George-Jaeggli et al. 1998, Carberry et al. 2002).   
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2.2 Aims and research questions 
In light of the above, the aims of this study, for stands of brigalow of varying years 

since last disturbance, were: 

(1) To investigate the extent and intensity of tree-crop competition and gain an 

indication of how far brigalow root systems extend into the zone of crop production. 

(2) To use field data from two winter cropping seasons, (2003 and 2004), to 

parameterise APSIM and evaluate its ability to model biomass and yield in the 

competition zone and the ‘open paddock’. 

(3) To use APSIM to specifically investigate two key aspects of brigalow cropping 

seasons: (i) the respective influences of ‘starting’ soil water conditions and plant 

density, on crop yield, and (ii) the degree to which wheat yields in the competition 

zone and the ‘open paddock’ vary with growing season (i.e. winter rainfall) 

conditions. 

 

In line with these aims, the following research questions were investigated: 

(1) What is the horizontal extent of the tree-crop competition zone for brigalow stands 

of different years since last disturbance? 

(2) What is the intensity of tree-crop competition, measured in terms of a reduction in 

crop yield? 

(3) To what degree does soil water content change with increasing distance from 

brigalow stands of different years since last disturbance? 

(4) What are the relative effects of ‘starting’ soil water and plant density on crop yield 

in the tree-crop competition zone? 

(5) How does yield in the competition zone and the ‘open paddock’ vary with winter 

rainfall? 
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2.3 Study design 
The agronomic study of brigalow-cropping systems was done as a comparative 

mensurative experiment (Hurlbert 1984), north-west of the Tara township, at four sites 

on ‘Property A’ (27°16'S, 150°01'E) and one site on ‘Property B’ (27°13'S, 150°03'E) 

(Table 2.1, Figure 2.1).  The five study sites were spread across three paddocks.  

Paddock 1 (‘Property A’) had a stand of regrowth brigalow four years since last 

disturbance (4 YSLD) on the southern side and a stand of remnant brigalow, 100 years 

since last disturbance (100 YSLD), on the northern side.  In Paddock 2 (‘Property A’), a 

stand of regrowth eleven years since last disturbance (11 YSLD) was situated on the 

southern side and a stand of remnant brigalow, 100 years since last disturbance        

(100 YSLD) was positioned north of the 11 YSLD site, in the middle of the paddock.  

Paddock 3 (‘Property B’) had a stand of regrowth twenty years since last disturbance 

(20 YSLD) positioned on the northern side.  Note that actual time since last disturbance 

was unknown for the remnant sites, however 100 years was deemed a reasonable 

estimate based on historical photographs and anecdotal accounts from landholders. 

 

Study sites were selected on the basis that they comprised a stand of brigalow 

vegetation adjacent to an annual cropping area sown to wheat; they were located on 

grey/brown Vertosols, commonly known as deep gilgaied clay soils (Isbell 1962); they 

were managed in a manner that was typically conventional for the Tara Shire; they were 

of varying years since last disturbance; and they were owned and/or managed by people 

who were willing to become study collaborators.  The factors held constant across the 

sites, namely crop type, soil type and style of management, helped to minimise 

confounding influences and allowed for effective study of the interactions between 

brigalow years since last disturbance and extent and intensity of tree-crop competition.   

 

 

Table 2.1: Study sites summary 

Location Study 
site Property Paddock 

Brigalow stand 
classification 

Brigalow stand 
orientation 

1 
2 
3 
4 
5 

A 
A 
B 
A 
A 

1 
2 
3 
2 
1 

4 YSLD 
11 YSLD 
20 YSLD 

100 YSLDa 

100 YSLDb 

NW-SE 
E-W 
E-W 
E-W 

NW-SE 
a, b These letters will be used hereafter to distinguish between the two 100 YSLD stands 
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2.4 Data collection 
Table 2.2 provides an overview of the data collected for this agronomic study.  The 

majority of the data collection was done at ‘Property A’ during the 2003 and 2004 

winter cropping seasons.  Additional data were collected at ‘Property B’ during the 

2004 season, to gain further insight into interactions between regrowth brigalow and 

annual cropping.  Specific details about data collection, including sampling procedures 

and sample processing, are provided below. 

 

2.4.1 Paddock management and brigalow clearing history 

Semi-structured interviews were conducted with ‘Property A’ and ‘Property B’ 

landholders to obtain details of paddock management and brigalow clearing/disturbance 

history (Tables 2.3 and 2.4).  These interviews were particularly important for 

determining years since last disturbance for the individual brigalow stands, in 

combination with examination of historical aerial photographs.  In addition, crop 

management information collected from the ‘Property A’ landholder for the 2003 and 

2004 seasons was important for the parameterisation of APSIM (see section 2.5). 

 

One of the main management differences between the three paddocks was that Paddock 

3 had the longest cropping history (17 years), followed by Paddock 2 (11 years) and 

Paddock 1 (3 years).  Across the sites it was also found that the brigalow vegetation had 

been subject to a variety of disturbance practices.  In all paddocks the soils had been 

subject to some degree of ploughing and levelling of the gilgai microrelief, to facilitate 

the establishment of cropping.  This involved removal of topsoil from the higher parts 

(‘mounds’) of the microrelief and its deposition in the lower parts (‘depressions’).   
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2.4.2 Wheat sampling and processing 

In 2003, destructive crop sampling was done at all ‘Property A’ sites at three key stages 

of wheat development: (1) mid-vegetation, (2) anthesis and (3) physiological maturity.  

In 2004, destructive crop sampling was done at anthesis and maturity at ‘Property A’, 

and at maturity at ‘Property B’.  These sampling efforts produced above-ground 

biomass, yield, wheat height and tiller number data that provided a direct indication of 

the extent to which tree-crop competition was occurring at each site. 

 

For crop sampling at the mid-vegetation and anthesis stages in 2003, samples were 

collected along four parallel transects, 90º to the brigalow stands.  Transects began on 

the edge of each stand and finished in the ‘open paddock’.  Sampling points along the 

transects were initially based on the Carberry et al. (2002) ‘three tree heights’ rule-of-

thumb for tree-crop competition.  Wheat sampling was done at increasing distances 

from each stand of brigalow, with intensive sampling in the area up to ‘three tree 

heights’, in order to thoroughly investigate the degree to which tree-crop competition 

occurred in this zone.  With average heights of edge brigalow trees being 1.5 m            

(4 YSLD site), 3.8 m (11 YSLD site), 8.0 m (100 YSLDa site), and 9.4 m                  

(100 YSLDb site), samples were collected at the various distances indicated in Table 

2.5. 

 

At crop physiological maturity in 2003, and anthesis and maturity in 2004, two 

additional transects were sampled, to account better for within-site variability.  

Sampling distances were also standardised across all sites, in order to allow for more 

direct comparisons of tree-crop competition between the different brigalow stands 

(Table 2.5).  However, the ‘open paddock’ sampling point varied, being positioned at 

each site so as to best avoid the influence of surrounding vegetation.  In addition, at the 

4 YSLD, 20 YSLD and 100 YSLDb sites in 2004, there were two sampling distances 

beyond 64 m, compared with one sampling distance beyond 64 m at the 11 YSLD and 

100 YSLDa sites.  This difference was due to the former sites being situated in 

comparatively wider paddocks. 

 

Inconsistent tree growth was observed along the edges of the brigalow stands, 

particularly in terms of height, canopy cover and distance to the adjacent crop.  To 

control for this variability and ensure adequate replication, the transects at each site all 

began adjacent to trees that were relatively similar in stature. 
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Destructive crop sampling involved taking an average measure of wheat canopy height 

and then cutting two metres of a single crop row at ground level, for a sampling area of 

0.46–0.92 m2, depending on row spacing.  Care was taken to avoid sampling areas of 

wheat that displayed irregular growth.  Crop samples were oven dried at 80ºC and dry 

weights subsequently measured and recorded.  At crop maturity in 2003 and at 

flowering and maturity in 2004, tiller counts were done in the laboratory for sub-

samples (10%) of each sample.  Wheat heads of all mature crop samples were threshed 

to collect grain, and grain yields weighed and recorded.    

 

2.4.3 Soil sampling and processing 

Soil sampling, for soil water content and soil chemical characterisation, was done either 

prior to wheat sowing or shortly after sowing, at all ‘Property A’ sites in 2003 and 2004.  

Soil water sampling at these times was important for assessing the extent to which the 

brigalow trees were extracting soil moisture from the cropping area during the fallow.  

Both the soil water and soil chemical data were important for the parameterisation of 

APSIM (see section 2.5).  In addition, the soil water data helped to further inform 

assessments of tree-crop competition. 

 

In 2003 the early season soil sampling was done along the same four transects and at 

similar distances to those used for the mid-vegetative and anthesis crop sampling (Table 

2.5).  In 2004, early season soil samples were again collected along the four transects, 

however sampling distances were different to those used in 2003, being the same as 

those followed for anthesis wheat sampling in 2004.  Sampling activities were primarily 

scheduled to meet the data requirements for APSIM parameterisation, but also 

according to favourable climatic conditions and the availability of technical equipment 

and assistance.    

 

Soil sampling was done mechanically, using a hydraulic sampling rig mounted on the 

back of a utility (as per Dalgliesh and Foale 1998).  Where possible, soil cores were 

sampled to a depth of 300 cm, to account for both wheat and brigalow rooting depth.  

The soil cores were cut and divided into increments of 0–15 cm, 15–30 cm, and 

thereafter a series of 30 cm increments.  Wet weights for the soil samples were 

measured and recorded in-field.  Upon return to the laboratory, the samples were oven-

dried at 105ºC to a constant weight.  Dry weights were measured and recorded, and the 

wet and dry weights were used to determine soil water content. 
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2.4.4 Chemical characterisation of soils 

To prepare the soil for chemical analyses, all samples were mechanically ground to       

< 2 mm diameter and stored in air-tight plastic containers.  The samples were 

subsequently sent to the Natural Resource Sciences Laboratories at Toowoomba and 

Indooroopilly, and the Solutions 2 Laboratory at Gatton.  These laboratories measured 

levels of soil nitrogen, organic carbon, pH, phosphorus, electrical conductivity (EC) and 

chloride, using the methods of Rayment and Higginson (1992).  Specific sections 

followed in the Rayment and Higginson handbook were 7C2, 8B1, 4A1, 9B2, 3A1 and 

5A2 for soil nitrogen, organic carbon, pH, phosphorus, EC and chloride, respectively. 

 

Soil chemistry summaries for the ‘Property A’ sites are given in Appendix 2.  Soil 

chemistry data required for APSIM parameterisation are tabulated in section 2.5. 

 

2.4.5 Physical characterisation of soils 

There were four main soil physical characteristics determined for the ‘Property A’ sites.  

These were: (1) bulk density, defined as the weight of dry soil per unit volume of soil; 

(2) drained upper limit (DUL), defined as the amount of water that a particular soil 

holds after drainage has practically ceased, i.e. the upper water storage limit of the soil; 

(3) crop lower limit (CLL), defined as the extent to which a particular crop can extract 

water from a particular soil type, i.e. the lower extraction limit of a crop, over the depth 

of rooting; and (4) brigalow lower limit, defined in the same terms as CLL, except with 

respect to brigalow vegetation (Dalgliesh and Foale 1998, APSRU 1994).  Methods 

used to estimate or measure these characteristics are detailed below. 

 

Bulk density 

To allow for effective parameterisation of APSIM, bulk density was an important soil 

characteristic that had to be determined for each depth of the soil profile.  Three sets of 

bulk density values were determined; at two sites in Paddock 1, and one site in Paddock 

2, to account for physical differences within the soil type that was studied (Table 2.6).   

 

Given that the bulk density of Vertosols with shrink/swell characteristics is difficult to 

establish by direct field measurement (Hochman et al. 2001), bulk density was instead 

calculated using the following formula from Dalgliesh and Foale (1998: 73): 
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BD (g/cc) = (1 – e)/(1/AD + θg) 

 

where: 

BD = bulk density  

θg   =  gravimetric water content (g/g) of wet soil 

AD =  absolute density of the solid matter in the soil (assumed to be 2.65 g/cm3) 

e     =  air filled porosity at θg (assumed to be 0.08 cm3/ cm3) 

 

Gravimetric water content of wet soil, being an important component of the equation 

used to determine bulk density, was calculated for each soil depth based on 3 to 4 cores 

sampled from within ‘ponds’ that were set up to establish the maximum water holding 

capacity of the soil (i.e. DUL).  A detailed description of the ‘pond’ technique is 

provided below.  The soil cores taken from within each pond were only sampled to a 

depth of 180 cm, so for depths below this level, it was conservatively assumed that bulk 

density values remained unchanged (Table 2.6).   

 

Drained upper limit (DUL), crop lower limit (CLL) and brigalow lower limit (BLL) 

To estimate the extent of wheat and brigalow water extraction and to further assist with 

parameterisation of APSIM, three important physical characteristics of the soil were 

measured in-field for all sites on ‘Property A’: DUL, CLL and BLL.   DUL, CLL and 

BLL values were expressed in terms of volumetric water (VW), which is defined as mm 

of water per mm of soil depth.  VW values were calculated for each layer of the profile: 

0–15 cm, 15–30 cm, and a series of 30 cm increments down to a depth of 180 cm (CLL) 

or 300 cm (DUL and BLL).  CLL was measured to 180 cm as this is generally regarded 

as the maximum rooting depth of wheat on Vertosols in Australia’s northern cropping 

zone (Hochman et al. 2001).  DUL and BLL were measured to 300 cm only, as the 

equipment used for soil sampling could not extract soil beyond this depth. 

 

DUL, CLL and BLL were established for each site by averaging across VW values 

calculated from soil cores collected at various dates (Table 2.7).  In line with the 

determination of bulk density values, two sets of DUL and CLL values were calculated 

for Paddock 1 (4 YSLD and 100 YSLDb sites), and one set of values for Paddock 2    

(11 YSLD and 100 YSLDa sites), to account for physical differences within the soil type 

that was studied. 
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With regard to specific methods, DUL values, to 180 cm, were determined using the 

‘pond’ technique of artificially ‘wetting up’ soil in the field (Dalgliesh and Foale 1998, 

Hochman et al. 2001).  This involved setting up and running a trickle irrigation system 

under 16 m2 of plastic sheeting and regularly monitoring levels of drainage with a 

neutron moisture meter.  After 8 weeks of irrigation, neutron moisture meter readings 

had indicated that drainage at the pond sites was minimal.  On this basis, it was assumed 

that the soil had reached its upper water storage limit, and 3 to 4 soil cores were 

subsequently sampled from within each pond to determine the DUL (and also 

gravimetric water for bulk density, as explained above).   

 

Beyond 180 cm, DUL values were established to a depth of 300 cm on the basis of 

‘open paddock’ soil sampling done on 3 to 4 different dates.  These sampling dates all 

occurred during or at the end of fallow periods, prior to the 2003 and 2004 winter 

cropping seasons (Table 2.7).  At such times, the soil profile was expected to be at or 

near its upper water storage limit, due to minimal weed presence and stubble being 

retained from the previous winter crop to promote water infiltration.  Importantly, 

fallow rainfall totals (October–March) were also high prior to the 2003 and 2004 winter 

cropping seasons, being 407 mm and 483 mm, respectively.  Both of these totals were 

greater than the long term mean fallow rainfall total of 385 mm.  The long term mean 

was based on Tara station (27°28'S, 150°46'E) climatic data for the years 1900 to 2004, 

sourced from the SILO database (www.nrm.qld.gov.au/silo/). 

 

CLLs for wheat were determined using the ‘rain-out shelter’ method (Dalgliesh and 

Foale 1998, Hochman et al. 2001).  This involved constructing rain exclusion tents over 

a 3 m x 3 m area of crop at the time of anthesis.  These tents induced vigorously 

growing wheat to use all of the water in the soil profile that it was capable of extracting.  

Three soil cores were subsequently sampled from each tent area following crop maturity 

(Table 2.7). 

 

BLLs were approximated by sampling soil cores immediately adjacent to the brigalow 

stands (i.e. at 0 m), to a depth of 300 cm.  Sampling activities took place in May 2004, 

following four years where annual rainfall totals were 352 mm (2000), 468 mm (2001), 

460 mm (2002) and 599 mm (2003).  All of these annual totals fell below the long term 

mean annual total of 606 mm (calculated from SILO database data, as described above).  
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On the basis of this rainfall data it was thought that the brigalow vegetation was likely 

to be maximally extracting water from the profile at the time of sampling.  

 

Values for DUL and CLL are reported in this section (Table 2.6) rather than the Results 

section, as they were used to calculate plant available water capacity (PAWC) for 

APSIM parameterisation (see section 2.5).  PAWC is the quantity of water that can be 

stored in the root zone and made available for plant uptake (Abbs and Littleboy 1998, 

Foale et al. 2004).  This variable was, however, not only important for APSIM 

parameterisation but also for assessing and comparing the water use characteristics of 

brigalow and wheat (see sections 3.4 and 3.5).  PAWCs for wheat, at the Paddock 1     

(4 YSLD side), Paddock 1 (100 YSLD side) and Paddock 2 sites, were 255 mm, 168 

mm and 212 mm, respectively.  BLLs and PAWCs for the brigalow sites are reported 

and discussed in sections 3.4, 3.5 and 3.6. 

 

The CLL and DUL data in Table 2.6 generally represent in-field measurements.  

However, in some cases it was evident that processes such as soil saturation and surface 

soil evaporation had given rise to VW values that were an over-estimation or under-

estimation of CLL and/or DUL.  In such cases, conservative data adjustments were 

made, guided by CLL and DUL datasets collected for other study sites on deep gilgaied 

clay soils (Dalgliesh and Foale 1998).  Guidance for data adjustments was also sought 

from ‘open paddock’ fallow measurements of VW, as these were considered a good 

benchmark for assessing if the pond values accurately reflected the DUL. 

 

2.4.6 Brigalow-cropping interface characterisation 

Characterisation of the brigalow-cropping interface at the beginning of the sampling 

transects was important for examination and explanation of tree-crop interactions.  The 

brigalow vegetation component of the interface was assessed within a 10 m x 7 m plot, 

with the edge of each plot being centred on a permanent transect marker (Figure 2.2).  

Observations at the study sites indicated that 10 m x 7 m plots encompassed the main 

trees and shrubs likely to have an influence on the adjacent crop, particularly those 

wheat plants growing along the sampling transects. 
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Figure 2.2: Characterisation of the brigalow-cropping interface – aerial view of a generic study site 

 

 

Table 2.8 outlines the vegetation features that were measured or described within each 

plot and the data that were subsequently generated.  Vegetation height was measured 

with a 2 m rigid height stick where physically possible; otherwise with a Contour 

XLRIC LIDAR laser rangefinder system.  Following Harden and Williams (1990), trees 

were defined as vegetation with a height of 5 m or greater, while shrubs were defined as 

vegetation less than 5 m, but at least 1 m, in height. 

 

 

Table 2.8: Vegetation features assessed for brigalow-cropping interface characterisation 

Vegetation Features* Data 
Number of trees/shrubs 
 
Vegetation height# 

 
Basal diameter 
 
Vegetation cover◊ 

Mean, min., max. and standard error of vegetation density (stems/ ha) 
 
Mean, min., max. and standard error of tree and shrub height (m) 
 
Mean, min., max. and standard error of basal area (m2/ha) 
 
Mean, min., max. and standard error of vegetation cover (%) 

* Vegetation height was the only feature measured at the 20 YSLD site (‘Property B’) in 2005 
# Vegetation heights were measured twice at all ‘Property A’ sites, in February 2004 and February 2005. 

However, no significant increase in brigalow height was found at any of the sites between sampling 
dates 

◊ Includes both tree and shrub cover 

Edge of brigalow stand

Transect marker

10 m

Cropping area

Brigalow stand

Edge of cropping area

Tree-crop 
interface

Tr
an

se
ct

7 m
Sampling plot
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Basal diameter was measured using a standard forestry tape measure, at 10 cm above-

ground, or at another point that was generally representative of tree or shrub diameter.  

Measurements of basal diameter were taken for all trees and shrubs with a stem ≥ 3 cm 

in diameter.   

 

Canopy cover was determined on the basis of visual estimates of cover, using the 

canopy cover classes: 0–10%, 10–30%, 30–70%, 70–100%, and visual guidance from 

Walker and Hopkins (1998).  Cover estimates were made in two 5 m x 7 m sections of 

each plot.  An average value for canopy cover was subsequently calculated for the entire 

10 m x 7 m plot.   

 

To complete the characterisation of the brigalow-cropping interface, a note was made of 

brigalow stand orientation (reported in Table 2.1, above); roads, tracks or other 

potentially relevant features immediately adjacent; and distance from the edge of the 

brigalow stand to the start of the cropping area.   

 

Characterisation of the interface zones at the ‘Property A’ sites was done in February 

2004.  Only the four initial crop sampling transects, (i.e. those sampled at the mid-

vegetation and anthesis crop stages in 2003), were subject to interface characterisation.  

Vegetation adjacent to the two additional transects sampled later, was believed to be 

adequately represented by the four initial transects, as their trees and/or shrubs were of 

similar structure and composition.  Due to time constraints, characterisation of the 

brigalow-cropping interface was not done at the 20 YSLD site on ‘Property B’, however 

the heights of brigalow trees at the start of each transect were measured at the time of 

crop sampling. 

 

2.4.7 Climatic conditions 

Monitoring of climatic conditions on ‘Property A’ began on 14 December 2002 and 

continued until 31 December 2004.  Climatic conditions were recorded by an automated 

weather station positioned on the edge of the 4 YSLD stand, in an area not subject to the 

microclimatic influence of trees.  The weather station consisted of a Campbell CR10 

data logger, LI-COR radiation sensors, PRT temperature sensors, and a Hydrological 

Services Tipping Bucket rain gauge, all powered by a 12 Volt gel cell battery and a 5 

Watt solar panel.  The weather station recorded maximum and minimum air 

temperature, solar radiation and rainfall, on a daily basis.  This information assisted 



 51

with interpretation of the biomass and yield data and it was also a necessary input for 

APSIM (see section 2.5). 

 

In addition to the short-term climatic data, long term data (1900–2004) were obtained 

for the nearby Tara station (27º28'S, 150º46'E) from the SILO database 

(www.nrm.qld.gov.au/silo/).  This latter data set was required for running long term 

APSIM simulations. 

 

2.5 Data analyses 
Q. 1: What is the horizontal extent of the tree-crop competition zone for brigalow 

stands of different years since last disturbance? 

For each study site, scatter plots of dependent variables and the independent variable 

distance from the brigalow stand (m), were examined for evidence of tree-crop 

competition.  Dependent variables of interest were: above-ground biomass (t/ha), yield 

(t/ha), harvest index (yield/biomass), height (cm) and tillers/m2.  For those sites that 

showed convincing evidence of tree-crop competition, calculation of the horizontal 

extent of the tree-crop competition zone was based on fitting curves to the distance from 

the brigalow stand versus yield data.  Genstat (v. 7.2) was used for curve-fitting, while 

SigmaPlot (v. 9.0) was used to plot the data and curves.  Yield values were plotted on a 

log scale to produce better curve fits; however log values were subsequently converted 

back to linear values to allow for easier interpretation of the data.   

 

Both exponential and logistic curves were fitted to the data sets, but logistic curves of 

the form: 

  

y = a + c / (1 + EXP(-b * (x – m)))                                                                          (1) 

 

were best suited to answering the research question.  These curves resulted in a 

reasonable fit for all sites and all sampling dates and importantly, they produced an 

obvious asymptote (a + c), which represented average yield in the ‘open paddock’.  On 

the basis of this asymptote, the horizontal extent of the tree-crop competition zone was 

conservatively calculated by substituting y = 0.9*(a + c) into equation 1.  Thus, the 

extent of the competition zone was effectively the distance from the brigalow stand at 

which yield reached 90% of the average ‘open paddock’ yield.  Competition zone 

distance, or horizontal extent, was then expressed in metres, (which provided an 
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absolute measure), as well as a ratio of brigalow height (which provided a relative 

measure).   

 

Q. 2: What is the intensity of tree-crop competition, measured in terms of a 

reduction in crop yield? 

The intensity of tree-crop competition was measured as percentage reduction in average 

yield in the competition zone, compared to average yield in the open paddock.  Average 

yield in the open paddock was calculated from equation 1 as y = a + c.  Average yield in 

the competition zone was also determined using equation 1.  It involved calculating 

mean yield for ten points on the logistic curve, equally spaced along the horizontal 

extent of the tree-crop competition zone.   

 

Q. 3: To what degree does soil water content change with increasing distance from 

brigalow stands of different years since last disturbance? 

Early season (pre-sowing and post-sowing) total soil water content (SWC) was 

compared between soil cores sampled at increasing distances from each brigalow stand 

on ‘Property A’.  For the purposes of answering the research question, SWC was 

calculated as total soil water, in mm, to a depth of 180 cm.  This depth of sampling 

captured the potential rooting depth of wheat on grey Vertosols in Australia’s northern 

cropping zone (Hochman et al. 2001).  Wheat biomass and yield data were subsequently 

assessed alongside the SWC data, to investigate whether above-ground outcomes 

corresponded with under-ground competition conditions. 

 

Q. 4: What are the relative effects of ‘starting’ soil water and plant density, on 

crop yield in the tree-crop competition zone? 

APSIM (version 4.0) was the analysis tool used to assess the relative effects of ‘starting’ 

soil water content (i.e. soil water at the time of sowing) and plant density, on crop yield 

in the tree-crop competition zone.  This involved running point-based wheat simulations 

for both the 2003 and 2004 winter cropping seasons, at various distances from the stand 

of 100 YSLDa brigalow.  This particular site was chosen for analysis because it had 

shown clear evidence of tree-crop competition in both 2003 and 2004.  The steps 

involved with model parameterisation, model evaluation and model adjustment, are 

detailed below. 
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Model parameterisation 

Wheat simulations were set-up and run for two positions within the tree-crop 

competition zone, 8 m and 16 m (2003), and 8 m and 20 m (2004); and one ‘open 

paddock’ position, 180 m (2003 and 2004).  The latter position provided a benchmark 

for assessing yield outcomes in the zone of competition.   

 

All simulations were based on linking the APSIM-Wheat module with the soil water 

SOILWAT2, soil nitrogen SOILN2 and surface organic matter SURFACEOM modules.  

Key inputs for APSIM parameterisation were soil physical property and chemical data 

(Tables 2.6 and 2.9), soil water data (Table 2.10), climatic data (see section 2.6.1 for 

seasonal summaries) and crop management specifications (Table 2.11).  Two sets of 

date were required for soil water and nitrogen; an initialising dataset and a re-set 

dataset.  The former were used to initialise APSIM during the pre-season fallow.  These 

values were based on soil sampling done during the pre-season period.  The latter 

dataset was used to re-set the model just prior to sowing or shortly after sowing.  The 

time of re-set was dependent on when soil sampling was undertaken to collect the re-set 

data.  In 2003, soil sampling was done post-sowing while in 2004 it was done pre-

sowing (Table 2.5).  The aim of the re-set was to achieve a reasonable match between 

in-field conditions for the model and in-field conditions for the on-site study, for the 

important period encompassing crop emergence, establishment and early development.  

In addition, the re-set soil water values effectively represented ‘starting’ soil water 

conditions. 

 

All data for the simulations were collected at ‘Property A’ during 2003 and 2004, as 

described in section 2.4.  For the three simulations run within each season, all aspects of 

the APSIM set-up were held constant between positions, except for soil water (Table 

2.10) and plant density (Table 2.12), which had been observed to change with distance 

from the 100 YSLDa stand.   
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Table 2.9: Soil chemistry data used to initialise (I) and re-set (R) APSIM simulations at     
8 m, 16 m, 20 m and 180 m 

Soil depth pH Organic carbon (%)  NO3 (mg/kg) 
(cm) (I) (I)  (I) (R) 2003 (R) 2004 
0-15 8.1 0.65  49.35 67.20 12.05 

15-30 8.0 0.31  30.62 42.75 13.37 
30-60 6.5 0.20  13.55 15.85 7.00 
60-90 4.9 0.10  4.10 3.70 8.13 

90-120 4.6 0.10  2.18 0.85 5.38 
120-150 4.5 0.10  2.20 0.40 2.75 
150-180 4.5 0.10  2.20 0.40 8.00 

 

 

Table 2.10: Volumetric soil water content (m3/m3) measured at different distances from 
the 100 YSLDa stand, used to initialise and re-set the APSIM simulations 

Initialising values Re-set values 
8 m 16 m/20 m 180 m 8 m 16 m 20 m 180 m 

 
Soil depth  

(cm) 2003 & 2004 2003 & 2004 2003 & 2004 2003 2004 2003 2004 2003 2004 
0-15 0.25 0.26 0.25 0.33 0.30 0.30 0.35 0.30 0.36 

15-30 0.26 0.28 0.35 0.28 0.23 0.33 0.35 0.35 0.37 
30-60 0.28 0.30 0.39 0.27 0.25 0.33 0.36 0.38 0.37 
60-90 0.28 0.28 0.39 0.27 0.24 0.30 0.31 0.36 0.37 

90-120 0.28 0.30 0.38 0.28 0.23 0.31 0.30 0.37 0.37 
120-150 0.28 0.31 0.37 0.28 0.24 0.32 0.29 0.35 0.37 
150-180 0.29 0.32 0.37 0.30 0.24 0.34 0.29 0.35 0.37 

 

 

Table 2.11: Management details for the cropping area adjacent to the 100 YSLDa site, for 
2003 and 2004 

Year Sowing date Wheat cultivar* Sowing depth (mm) 

2003 
2004 

21/4/03 (day 111) 
21/5/04 (day 142) 

Kelallac 
Mitre 

70 
80 

* Baxter was the cultivar actually sown in both 2003 and 2004, however the simulations were 
parameterised using Kelallac and Mitre, as their particular vernalisation and photoperiod sensitivities 
resulted in a comparatively better match between observed and simulated flowering dates 

 

 

Table 2.12: Plant densities for 2003 and 2004, at various distances from the 100 YSLDa 
stand, based on converting tiller counts to plant numbers 

Plant density* Distance from stand 
(m) 2003 2004 

8 46 6 
16 65 N.A.# 
20 N.A.# 60 

180 95 70 
* Plant density figures are based on survivors from an initially equal sowing density 
 # N.A., not applicable 
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Model evaluation 

Three methods were used to evaluate the performance of the model.  The first method 

involved visually inspecting the agreement between observed and simulated temporal 

data for biomass, yield and soil water.  Extent of agreement was assessed on the basis of 

standard errors of means of the observed data.  Secondly, linear regressions were fitted 

to observed versus predicted data (biomass and yield), coefficients of determination (r2) 

were calculated, and regression coefficients were subsequently assessed against the line 

of 1:1 agreement.  Thirdly, root mean square deviation (RMSD), which represents a 

mean weighted difference between observed and simulated data, was calculated and 

expressed as a percentage of the observed mean, for both biomass and yield, 

respectively.  The formula used to calculate RMSD was: 

 

RMSD = (∑ [(O – S)2/n])0.5 

 
where: 

O = observed biomass or yield 

S = simulated biomass or yield 

n = the number of observations 

 

Model adjustment 

Two types of model adjustment were made following model parameterisation and 

evaluation.  The first type of adjustment was concerned with improving the performance 

of the model while the second type was solely focused on investigating research 

question 4.   

 

Specifically, the first model adjustment involved altering the dates on which two key 

events occurred, namely, soil water re-set and crop sowing.  The soil water re-set and 

crop sowing dates were altered to investigate possible factors that may have been 

contributing to inconsistencies between observed and simulated data.  Outcomes of 

these adjustments are described in section 2.6.3. 

 

The second model adjustment involved alternately holding constant the values for 

‘starting’ soil water (i.e. re-set soil water) and plant density, between simulation 

positions.  The purpose of this exercise was to assess and partition the relative effects of 

the two variables on crop yield in the tree-crop competition zone. 
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While it is recognised that there is likely to be a relationship between ‘starting’ soil 

water and plant density, it was reasoned that their respective effects could, nonetheless, 

be separated to a large degree.  This is because ‘starting’ soil water values throughout 

the entire soil profile will have a bearing on crop yield, whereas it is only ‘starting’ soil 

water values in the upper layer of the profile that will influence plant germination and 

establishment, and in turn, plant density and yield.  Indeed, if no attempt had been made 

to partition the separate effects of soil water and plant density, it would have been 

difficult to gauge the extent of tree rooting activity in the competition zone during the 

fallow period, and the subsequent impact on crop yield. 

 

Q. 5: How does yield in the competition zone and the ‘open paddock’ vary with 

winter rainfall? 

With limited seasonal variation being observed between 2003 and 2004, long term 

wheat-on-wheat simulations, running from 1955 to 2004, were set up to investigate how 

different winter rainfall patterns influence yield in the competition zone and the ‘open 

paddock’.  Simulations were run for the positions 8 m, 20 m and 180 m from the       

100 YSLDa stand.  ‘Winter rainfall’ was defined as rain occurring from the start of May 

to the end of October. 

 

Model parameterisation 

As with the single season simulations, the long term simulations were based on linking 

the APSIM-Wheat module with the soil water SOILWAT2, soil nitrogen SOILN2 and 

surface organic matter SURFACEOM modules.  Long term climatic data for Tara 

(27°28'S, 150°46'E) were sourced from the SILO database (www.nrm.qld.gov.au/silo/).  

The simulations were initialised using the soil physical property, soil chemistry and soil 

water data used to initialise the simulation for the 2004 season (Tables 2.6, 2.9 and 

2.10).  On day 125 each year, total soil nitrogen and soil water in the profile was re-set 

on the basis of the 2004 re-set values (Tables 2.9 and 2.10).  Datasets from 2004 were 

used to parameterise the long term simulations as they were more comprehensive than 

the 2003 datasets. 

 

Crop management and plant density parameters were essentially the same as those used 

for the 2004 simulation (Tables 2.11 and 2.12).  However, to account for the fact that 

crop sowing dates in dryland cropping systems are dependent on the timing of rainfall; a 

sowing rule was built into the model that allowed the sowing date to vary ‘naturally’ 
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each year.  The sowing rule specified that if there was no crop already in the ground, a 

wheat crop could be sown between day 125 and day 195, providing total rainfall for the 

preceding 10 days was greater than, or equal to, 10 mm. 

 

Model output analysis 

For the 8 m, 20 m and 180 m positions, scatter plots of winter rainfall (mm) versus 

simulated yield (kg/ha) were examined to see if a significant relationship existed 

between the two variables.  For each year of the simulation, percentage yield reduction 

was also calculated for the two tree-crop competition zone positions, relative to yield in 

the ‘open paddock’.  Scatter plots of winter rainfall (mm) versus simulated yield 

reduction (%) were subsequently inspected. 

 

Based on the long term simulation results, cumulative distribution functions were 

plotted for each position, to summarise variation in wheat yield over the fifty years.  

These functions provided an insight into how yield in the competition zone, relative to 

yield in the open paddock, was affected by a range of seasonal conditions.  In addition, 

it gave an indication of the productivity of the 2004 season, with respect to other years. 
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2.6 Results 
2.6.1 Climate 

Annual ‘Property A’ rainfall totals were 588 mm in 2003 and 646 mm in 2004.  With 

long term (1900 to 2004) mean annual rainfall for Tara calculated to be 606 mm, the 

2003 total fell below, while the 2004 total was just above, the long term mean.  Monthly 

rainfall totals were also calculated, showing a typically summer-dominant rainfall 

pattern (Figure 2.3).  There was reasonable rainfall prior to winter crop sowing in both 

years, however, in 2004, there was relatively little rainfall during the growing season 

(May to October); 133 mm for 2004 compared with 195 mm for 2003.  These growing 

season totals were both less than the long term (1900 to 2004) mean of 221 mm. 

 

In both 2003 and 2004, mean monthly maximum and minimum temperatures at 

‘Property A’ generally exceeded long term mean figures (Table 2.13).  Nonetheless, 

frosts in August 2003 and September 2004 coincided with wheat flowering in Paddock 

2 (11 YSLD and 100 YSLDa sites) and Paddock 1 (4 YSLD and 100 YSLDb sites), 

respectively.  Personal communication with the ‘Property A’ landholder confirmed that 

frost damage did affect the Paddock 2 crop in 2003 and the Paddock 1 crop in 2004. 

 

Solar radiation (Table 2.13) displayed a pattern characteristic of this climatic variable.  

Radiation peaked during summer and dropped to the lowest levels during winter.  

Importantly, this dataset provided an indication that the weather station was properly 

calibrated. 
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Table 2.13: Mean monthly minimum and maximum air temperatures and mean monthly 
solar radiation recorded at ‘Property A’ in 2003 and 2004 

 Mean monthly air temperature (ºC) Mean monthly solar radiation 
(MJ/m2) 

 2003 2004 2003 2004           
 Min. Max. Min. Max.   
January 21.2 37.7 22.0 36.0 30.4 26.9 
February 22.0 34.4 21.9 36.1 20.9 26.5 
March 17.6 32.7 17.9 33.5 22.0 22.2 
April 13.4 28.1 13.3 32.0 17.4 19.3 
May 8.6 25.5 6.5* 24.6 15.0 14.7 
June 7.1 21.8 2.6* 22.5 12.4 13.5 
July 3.5* 20.3 1.4* 22.1 13.3 14.0 
August 5.9 22.1 2.2* 23.9 15.7 17.7 
September 7.1* 30.2 6.8* 27.1 23.4 21.4 
October 11.4* 29.5 12.6* 33.3 24.2 25.0 
November 16.5 33.4 16.5 33.1 29.9 26.8 
December 20.7 35.1 19.5 34.8 28.1 25.3 
* Denotes figures that were below the long term mean 
 

 

2.6.2 Brigalow-cropping interface characterisation 

Figures 2.4 to 2.8 illustrate the typical stature of brigalow vegetation at each of the 

study sites.  The brigalow-cropping interfaces at the 4 YSLD, 11 YSLD, 100 YSLDa 

and 100 YSLDb sites were comprehensively characterised.  At the 20 YSLD site, only 

vegetation height was measured.   

 

Trees were recorded at the 20 YSLD, 100 YSLDa and 100 YSLDb sites.  Mean tree 

heights were 6.1 m, 8.0 m and 9.4 m for the 20 YSLD, 100 YSLDa and 100 YSLDb 

sites, respectively (Table 2.14).  Mean shrub heights for the sites were 1.5 m (4 YSLD), 

3.8 m (11 YSLD), 2.4 m (100 YSLDa) and 2.9 m (100 YSLDb) (Table 2.14).  At the     

100 YSLDa, 11 YSLD and 4 YSLD sites, brigalow suckers were the predominant shrub.  

At the 100 YSLDb site the predominant shrub was wilga (Geijera parviflora, Lindl. 

Rutaceae). 
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Table 2.14. Tree and shrub height data collected from four 7 m x 10 m quadrats 
coinciding with the crop/soil sampling transects at each site 

Tree height (m) Shrub height (m) Site 
Min. Mean Max. s.e. Min. Mean Max. s.e. 

4 YSLD 0.0 0.0 0.0 0.00 0.7 1.5 2.3 0.06 
11 YSLD 0.0 0.0 0.0 0.00 3.1 3.8 4.8 0.12 
20 YSLD 5.4 6.1 7.0 0.24 Not measured 
100 YSLDa 5.7 8.0 12.2 0.41 0.7 2.4 4.6 0.15 
100 YSLDb 5.3 9.4 14.9 0.57 1.9 2.9 3.8 0.14 
 

 

 

 

 

 

 

Figure 2.4: Typical stature of vegetation at site 1, 4 YSLD 
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Figure 2.5: Typical stature of vegetation at site 2, 11 YSLD 

 

 

 

Figure 2.6: Typical stature of vegetation at site 3, 20 YSLD



 63

 

Figure 2.7: Typical stature of vegetation at site 4, 100 YSLDa 

 

 

 

Figure 2.8: Typical stature of vegetation at site 5, 100 YSLDb 
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Vegetation cover, which included both trees and shrubs but excluded ground cover, was 

relatively low for the 4 YSLD (18%) and 11 YSLD (16%) sites and relatively high for 

the 100 YSLDa (68%) and 100 YSLDb (50%) sites (Table 2.15).  In accord with its low 

vegetation cover, the 11 YSLD site recorded the lowest vegetation density                

(750 stems/ha) (Table 2.15).  In contrast, the 4 YSLD site recorded the highest 

vegetation density (4607 stems/ha) despite its low vegetation cover, as it was dominated 

by young, densely grouped brigalow suckers with short, compact canopies. 

 

 

Table 2.15. Vegetation cover, vegetation density and basal area data collected from four       
7 m x 10 m quadrats coinciding with the crop/soil sampling transects at each site  

Vegetation cover (%) Vegetation density (stems/ha) Total basal area (m2/ha) Site 
Min. Mean Max. s.e. Min. Mean Max. s.e. Min. Mean Max. s.e. 

4 YSLD 5 18 48 9.9 3286 4607 6714 803 0.6 2.8 5.0 1.3 
11 YSLD 7 16 28 4.4 571 750 1000 90 14.6 17.1 19.4 1.2 
100 
YSLDa 

53 68 78 5.4 1429 4214 7000 1320 27.9 40.0 54.0 6.4 

100 
YSLDb 

28 50 73 9.4 1857 2857 5429 859 40.0 48.7 62.7 5.2 

 

 

Basal area data accounted for all trees and shrubs with a basal diameter ≥ 3 cm.  Basal 

area was found to increase with vegetation stand years since last disturbance, with the 

greatest basal area measured for the 100 YSLDb site (48.7 m2/ha), followed by the 100 

YSLDa (40 m2/ha), 11 YSLD (17.1 m2/ha) and 4 YSLD (2.8 m2/ha) sites (Table 2.15). 

 

At all sites it was observed that wheat was not sown right to the edge of the brigalow 

stands (Table 2.16).  The gap between the edge of the stands and the first crop row 

provided for vehicle access around expansive cropping areas.  

 

 

Table 2.16. Distances between the edge of the brigalow stands and the first crop row, 
measured along four transects at each site 

Distance between brigalow stand and crop (m) Site  
Min. Mean Max. s.e. 

4 YSLD 5.0 5.3 5.7 0.15 
11 YSLD 7.9 8.5 9.0 0.30 
100 YSLDa 7.0 7.9 8.8 0.39 
100 YSLDb 5.9 7.9 10.7 1.1 
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2.6.3 Agronomic research questions 

 
Q. 1: What is the horizontal extent of the tree-crop competition zone for brigalow 

stands of different years since last disturbance? 

At all study sites, apart from the 4 YSLD site, there was an increase in wheat biomass 

and yield with distance from the brigalow stands across all sampling dates (Figures 2.9 

to 2.12).  In 2003 there was some evidence of increasing biomass with distance from the   

4 YSLD stand, but in general, tree-crop competition was negligible at this site.   

 

Logistic curves fitted to the yield data (Figures 2.11 and 2.12), to calculate the width of 

the tree-crop competition zone (i.e. the width of the zone with > 10% reduction in 

yield), showed a reasonable fit in the majority of cases, as indicated by the r2 values.  

Curves were not fitted to the 4 YSLD (2003 and 2004) or 11 YSLD (2003) yield 

datasets, due to minimal evidence of tree-crop competition and/or insufficient data.  The 

horizontal extent of the tree-crop competition zones, calculated on the basis of the fitted 

curves, ranged from 28 m (100 YSLDb site) to 38 m (100 YSLDa site) in 2003; and 

from 12 m (100 YSLDb site) to 47 m (20 YSLD site) in 2004 (Table 2.17).  The 

competition zone at the 100 YSLDa site was almost identical across both 2003 and 

2004.  In contrast, the competition zone measured in 2003 at the 100 YSLDb site was 

more than twice the distance of the competition zone measured at the same site the 

following season.   

 

In terms of ‘brigalow vegetation heights’ (BVH), competition zone width was least for 

the 100 YSLDb site in both 2003 and 2004, and greatest for the 100 YSLDa and           

20 YSLD sites in 2003 and 2004, respectively (Table 2.17).  There was no evidence of a 

consistent relationship between tree height and the extent of the tree-crop competition 

zone, for either regrowth or remnant vegetation.   

 

 

Table 2.17: Extent of tree-crop competition zones based on wheat yield 

Extent of competition zones Site Av. tree 
height m BVH 

 m 2003 2004 2003 2004 

4 YSLD 1.5 0 0 0 0 
11 YSLD 3.8 0 21 0 6 
20 YSLD 6.1 - 47 - 8 
100 YSLDa 8.0 38 40 5 5 
100 YSLDb 9.4 28 12 3 1 
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The harvest index (yield/biomass) data did not display particularly strong trends in 

2003, although at the 100 YSLDb site, the harvest index did increase with distance from 

the brigalow stand (Figure 2.13).  In the 2004 season however, the harvest index clearly 

increased with distance from the brigalow stands, at all sites except the 4 YSLD site, 

and thus reflected the biomass and yield data (Figure 2.14).   

 

Across both seasons and all sites, the wheat height and tiller data generally displayed 

trends similar to those evident in the biomass and yield data.  Data from 2004, for the 

100 YSLDa site, are illustrated as an example (Figure 2.15).  These datasets provided 

supporting evidence for the tree-crop competition effect and showed how other aspects 

of wheat were affected, apart from biomass and yield. 
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Q. 2: What is the intensity of tree-crop competition, measured in terms of a 

reduction in crop yield? 

The intensity of tree-crop competition was investigated for sites where curves were 

fitted to the yield data and hence, average values could be determined for yield in the 

competition zone and the ‘open paddock’.  Competition intensity was expressed as 

percentage reduction in average yield in the competition zone, compared with average 

yield in the ‘open paddock’. 

 

At the 100 YSLDa and 100 YSLDb sites, average yields in both the competition zone 

and the ‘open paddock’ were lower in 2004 compared with 2003 (Table 2.18).  It was 

evident however, that yields in the competition zone were subject to a relatively greater 

reduction, as the intensity of tree-crop competition observed in 2004 was almost twice 

that observed in 2003 (Table 2.18).  Intensity of tree-crop competition, calculated for 

the 11 YSLD and 20 YSLD sites in 2004, was comparable to that calculated for the 

remnant sites.  Thus, results from this season did not show a trend in intensity of 

competition, with respect to brigalow stand years since last disturbance. 

 

 

Table 2.18: Average wheat yields in the open paddock and competition zone, and intensity 
of tree-crop competition (expressed as % yield reduction), for 2003 and 2004 

Average yields 
Open paddock (t/ha) Competition zone (t/ha) 

Yield  
reduction (%) 

 
Site 

2003 2004 2003 2004 2003 2004 
11 YSLD N.A.* 2.04 N.A.* 0.07 N.A.* 97 
20 YSLD N.A.# 2.23 N.A.# 0.16 N.A.# 93 
100 YSLDa 2.63 2.24 1.4 0.28 46 88 
100 YSLDb 2.03 1.40 0.88 0.03 57 98 
* A curve was not fitted to the yield data at this site in 2003 
# No data were collected at this site in 2003 
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Q. 3: To what degree does soil water content change with increasing distance from 

brigalow stands of different years since last disturbance? 

Early season (i.e. prior to sowing or shortly after sowing) total SWC results from 2003 

were quite variable (Figure 2.16).  Soil sampling was done across two or three different 

dates, depending on the availability of sampling equipment and technical assistance.  

Thus, the variability displayed in the 2003 SWC data can be accounted for by the 

rainfall and subsequent soil wetting and drying processes that occurred between the 

sampling occasions.  At the 11 YSLD and 100 YSLDa sites there was an increase in 

SWC with distance from the brigalow stands.  However, at the 4 YSLD and 100 YSLDb 

sites the trend was not particularly clear.  Data was not displayed beyond 64 m for the 

100 YSLDb site, due to a change in the physical characteristics of the soil.   

 

The 2004 early season SWC data were easier to interpret, as sampling efforts were 

confined to a single date at each site (Figure 2.17).  Given that these data produced 

clearer trends, they will be discussed in more detail.  At the 11 YSLD, 100 YSLDa and         

100 YSLDb sites, there was a definite increase in SWC with distance from the brigalow 

stands. Based on mean values, between the 0 m position and the OP position, SWC 

increased by 78 mm or 13% at the 11 YSLD site; 154 mm or 30% at the 100 YSLDa site 

and 152 mm or 46% at the 100 YSLDb site.  There was minimal change in SWC with 

distance from the 4 YSLD stand. 

 

Although results from Paddock 1 and Paddock 2 are not directly comparable, due to soil 

sampling being done on different dates, the data did, nonetheless, suggest that early-

season SWC in the latter paddock (11 YSLD and 100 YSLDa sites) was greater than 

early-season SWC in the former (4 YSLD and 100 YSLDb sites), in both 2003 and 

2004.  Within paddocks it was apparent that SWC immediately adjacent to the remnant 

stands was less than SWC immediately adjacent to the regrowth stands. 
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Q. 4: What are the relative effects of ‘starting’ soil water and plant density on crop 

yield in the tree-crop competition zone? 

The results pertaining to this question are reported under two separate sections.  The 

first section deals with the performance of the APSIM model while the second section 

directly addresses the research question. 

 

APSIM simulation results 

The model over-predicted biomass at all three positions in 2003 and at the 8 m and    

180 m positions in 2004 (Figure 2.18).  In contrast, the model under-predicted biomass 

at the 20 m position in 2004.  There was a relatively better match between observed and 

simulated data at the ‘open paddock’ position compared with the competition zone 

positions.  The RMSD of 1875 kg/ha, which was 41% of the mean observed value, 

indicates the level of discrepancy between observed and simulated data (Figure 2.19).  

The r2 value for the linear regression between observed and simulated biomass was 

0.81.  There was a significant difference between the regression and the 1:1 line.  

Overall, the model did not perform as well as models used in other studies to simulate 

above-ground wheat biomass (e.g. Meinke et al. 1997, Meinke et al. 1998).   

 

To investigate and explore possible explanations for the discrepancies between the 

observed and simulated biomass, adjustments were made to the model.  Firstly, it was 

evident that the 8 m (2003) simulation was over-predicting soil water up until the post-

sowing re-set, and it was thought that this may have been responsible for the over-

prediction of early-season biomass.  On this basis, an additional soil water re-set was 

specified two days prior to sowing, using the same values as those applied for the post-

sowing re-set.  This adjustment resulted in a more realistic course for the soil water data 

but had little impact on simulated biomass.   
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Figure 2.19: Relationship between observed and simulated wheat data from 2003 (■) and 2004 (□), 
for (a) biomass and (b) yield, for all distances at the 100 YSLDa site.  The root mean square 
deviations (RMSD) were 1867 kg/ha and 200 kg/ha for biomass and yield, respectively.  The solid 
line is the line of 1:1 agreement and the dashed line is the fittted linear regression between observed 
and simulated data 

 

 

Secondly, to investigate over-estimation of biomass for the 8 m, 16 m and 180 m 

(2003), and the 8 m and 180 m (2004) simulations, sowing dates were delayed, and in 

turn, this delayed crop germination and emergence.  The result was a reduction in 

biomass, particularly early-season, which provided for better matches between observed 

and simulated data, as shown by a reduction in the RMSD to 936 kg/ha, which 

represented 21% of the mean observed value.  The later sowing date for the 8 m (2004) 

simulation was justified on the basis of soil water content being particularly low in the 

soil layer where the seed was sown, at the time of sowing.  Thus, it could be expected 

that germination occurred later than usual due to the dry conditions.  For the other 

simulations, however, soil water content in the seed sowing layer was relatively high at 

sowing.  Hence, at the 8 m, 16 m, 180 m (2003) and 180 m (2004) positions there may 

have been other factors working to delay crop emergence or perhaps another 

explanation (unrelated to crop emergence) for the discrepancy. 

 

In spite of the discrepancies between observed and simulated biomass, the model was 

generally successful in simulating wheat yield at all positions across both seasons 

(Figure 2.18).  For the yield data, the model produced a RMSD of 201 kg/ha, which was 

13% of the mean observed value (Figure 2.19).  There was a slight bias, with the model 

tending to over-estimate low yields (< 500 kg/ha) and under-estimate higher yields      
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(< 1000 kg/ha).  The r2 value for the linear regression between observed and simulated 

yield was 0.97.  There was no significant difference between the regression and the 1:1 

line.  While the yield dataset was relatively small (n = 6), the performance of the model 

was nevertheless comparable to model performance demonstrated in other studies that 

have simulated wheat yield (e.g. Asseng et al. 1998, Meinke et al. 1997, Meinke et al. 

1998, Carberry et al. 2002, Yunusa et al. 2004, Poulton et al. 2005).  This result was 

encouraging, given that research questions 4 and 5 were focused on yield. 

 

Relative effects of ‘starting’ soil water and plant density on crop yield in the tree-crop 

competition zone 

Once it was demonstrated that the model could successfully simulate wheat yield, a new 

series of simulations were run, alternately holding constant ‘starting’ (i.e. re-set) soil 

water and plant density.  As explained earlier, the purpose of this exercise was to assess 

the respective impacts of the two factors on crop yield.  When soil water content was 

held constant between positions, in order to assess the sole contribution of lower plant 

density in the competition zone, yields at 8 m (2003), 16 m (2003), 8 m (2004) and 20 

m (2004), were 100%, 99%, 116% and 98% of open paddock yields, respectively (Table 

2.20).  On the other hand, when plant density was held constant between positions, in 

order to assess the sole contribution of drier soil water in the competition zone, yields at 

8 m (2003), 16 m (2003), 8 m (2004) and 20 m (2004), were 39%, 64%, 9% and 48% of 

open paddock yields, respectively (Table 2.19).  Thus, soil water content at the start of 

the cropping season appeared to be more influential than plant density, with respect to 

determination of yield outcomes in the tree-crop competition zone. 

 

 

Table 2.19: Results for partitioning the respective effects of ‘starting’ soil water and plant 
density on wheat yield.  The values reflect yield outcomes at different distances, with 
respect to yield outcomes in the ‘open paddock’  

 Percentage of ‘open paddock’ yield (%) 
Simulation Run 1a Run 2b Run 3c 

8 m (2003) 36 100 39 
16 m (2003) 62 99 64 
8 m (2004) 11 116 9 
20 m (2004) 47 98 48 
a Simulations run with different soil water and plant density values between positions 
b Simulations run with soil water held constant but different plant density values, between positions 
c Simulations run with plant density held constant but different soil water values, between positions 
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Q. 5: How does yield in the competition zone and the ‘open paddock’ vary with 

winter rainfall? 

For long term APSIM simulations run at 8 m and 180 m from the 100 YSLDa stand, 

weak positive correlations were noted between winter rainfall and yield, with r2 values 

of 0.34 and 0.27, respectively (Figure 2.20).  At the 20 m position, a moderately 

positive correlation was detected, with r2 = 0.53.  A weak negative correlation was 

observed between winter rainfall and percentage yield reduction at 8 m (r2 = 0.23), 

whereas a moderately negative correlation was observed at 20 m (r2 = 0.49) (Figure 

2.21).  Based on the slopes of the regression models in Figures 2.20 and 2.21, it was 

apparent that yield was more responsive to rainfall at 20 m than at 8 m or 180 m. 
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(a) 

 

(b) 

 
 
Figure 2.21: Percentage yield reduction in the tree-crop competition zone in relation to winter 
rainfall at (a) 8 m and (b) 20 m from the 100 YSLDa stand 

 

 

Cumulative probability distributions for wheat yield at three distances from the          

100 YSLDa stand are shown in Figure 2.22.  The effect of distance on the yield 

distributions was noticeable.  Simulated wheat yields varied from 232–2620 kg/ha at     

8 m, 980–5293 kg/ha at 20 m, and 2057–5093 kg/ha at 180 m.  Median wheat yields, 

given the starting conditions specified for the model, were 1008 kg/ha, 2298 kg/ha and 

3334 kg/ha, for the 8 m, 20 m and 180 m distributions, respectively. 
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Considering mean yields from the 2004 season in the context of the cumulative 

distributions (Table 2.20) it can be seen that 2004 was a particularly unproductive 

season.  Indeed, the mean yield observed at 8 m was beyond the lower bound of the 

cumulative distribution, while the mean yields observed at 20 m and 180 m could be 

expected to occur in 1 out of 6 years and 1 out of 15 years, respectively, given the 

‘starting’ soil water conditions observed in 2004. 
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Figure 2.22: Cumulative probability distributions of simulated yield for 8 m (□), 20 m (♦) and      
180 m (○) from the 100 YSLDa stand.  Each curve is composed of 50 simulated seasons 

 

 

 

 

Table 2.20: Mean yields observed in 2004 and their associated probabilities, calculated 
with respect to the cumulative probability distribution generated for each distance from 
the 100 YSLDa stand 

Distance from  the 
100 YSLDa stand 

Mean yield (kg/ha) Probability 

8 m 28 0.00 
20 m 1386 0.17 

180 m 2287 0.07 
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2.7 Discussion 
2.7.1 Extent and intensity of tree-crop competition 

Based on field data collected during the 2003 and 2004 winter cropping seasons, very 

young brigalow regrowth (i.e. 4 years since last disturbance, YSLD) did not show any 

evidence of tree-crop competition.  In contrast, remnant brigalow and older regrowth 

brigalow (11 and 20 YSLD), produced sizeable tree-crop competition zones.  Calculated 

zones of yield reduction ranged from 12 m (100 YSLDb site) to 47 m (20 YSLD site) in 

absolute terms, or from 1 brigalow vegetation height (BVH) (100 YSLDb site) to           

8 BVHs (20 YSLD site) in relative terms.  This result is consistent with findings from 

Oliver et al. (2005) who found that older trees (≥ 10 years of age) produced a 

significantly greater competition zone than younger trees.  

 

Intensity of brigalow-wheat competition, expressed as percentage yield loss in the 

competition zone compared with yield in the ‘open paddock’, was similarly high for 

both the regrowth and remnant sites.  In 2004, intensity of competition figures were 

97%, 93%, 88% and 98%, for the 11 YSLD, 20 YSLD, 100 YSLDa and 100 YSLDb 

sites, respectively. Overall, the findings from this study suggest that despite its 

relatively short and immature stature, brigalow regrowth between 10 and 20 YSLD can 

have a relatively lengthy and active root system and an impact on production 

comparable to that of remnant vegetation.   

 

No relationships were apparent between years since last disturbance and the absolute 

(metres) or relative (brigalow vegetation heights, BVH) measures of the tree-crop 

competition zone.  Similarly, in the case of both regrowth and remnant brigalow, the 

BVH measure failed to show strong support for the Carberry et al. (2002) ‘rule of 

thumb’, whereby the extent of the competition zone is approximately three times the 

height of adjacent trees.  This latter finding reflects results from Oliver et al. (2005), 

who found no relationship between tree height and the extent of the ‘no-yield-zone’ in 

their study of tree-crop competition across twenty one sites in south-western and south-

eastern Australia. 

 

In the case of brigalow-cropping systems, it is likely that different land management 

and vegetation disturbance histories will impact differently on the development of 

brigalow as well as the extent and activity of its root systems.  Variable patterns in tree 

growth and rooting activity could mean that a relationship between tree height and the 
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extent of the competition zone is not easily defined.  Furthermore, a simple linear 

relationship between these two variables may not be realistic, given there are additional 

factors that potentially influence tree-crop competition.  In previous studies, for 

example, leaf area index has been viewed as an important surrogate measure of tree 

water use when assessing tree-crop interactions (Ellis et al. 2001, Stirzaker et al. 2002b, 

Ellis et al. 2005, Oliver et al. 2005) and similarly, tree leaf biomass has been found to 

be a useful predictor of tree-pasture interactions, particularly when comparing brigalow 

communities with different size- or age-class structures (Scanlan 1991).  Tree density is 

another factor that is likely to have a bearing on the nature and extent of competition in 

integrated land-use systems (Cameron et al. 1989). 

 

Conceivably, a multiple regression approach that accounts for a number of key tree 

variables could be the most useful and informative predictor of the extent of the tree-

crop competition zone, for brigalow stands of different years since last disturbance.  An 

approach such as this would, however, need to be considered and developed in light of 

sampling across a significant number of regrowth and remnant sites.  A large-scale 

sampling approach seems particularly important in light of results from this relatively 

small-scale study, which did not find any relationships between individual tree 

characteristics and the extent and/or intensity of tree-crop competition.   

 

It was thought that vegetation cover, being a surrogate measure of leaf material at a site, 

and in turn, an indicator of woody plant water use (Scanlan 1991) may have shown 

some relationship with the extent and/or intensity of tree-crop competition.  However, 

this was not the case.  Perhaps no relationship was found because vegetation cover, as 

determined in this study, most likely over-estimated leaf material at remnant brigalow 

sites with sparse canopies, while under-estimating leaf material at regrowth brigalow 

sites with dense, compact canopies.  Direct measurements of leaf biomass or leaf area 

may have been necessary in order to arrive at a predictor for extent and/or intensity of 

tree-crop competition with respect to brigalow stand years since last disturbance.  At 

any rate, it should be kept in mind that the performance of integrated land-use systems 

is often location specific and sensitive to management practices.  Thus, generalisations 

such as ‘rules of thumb’ are difficult to make (Rao et al. 1998).  

 

With regard to the specific dynamics of tree-crop interactions, there was considerable 

evidence, both in 2003 and 2004, that tree-crop competition was in effect not only late 
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in the growing season but also early in the season.  Such evidence was found in the 

biomass, wheat height and tiller number data.  Furthermore, on the basis of the 2003 

and 2004 biomass data, which showed, at most, a marginal increase in values between 

wheat anthesis and maturity, it was clear that the crops were suffering stress due to lack 

of growing season rainfall.  In particular, there was limited rainfall towards the end of 

the season in 2003 and minimal rainfall throughout the entire growing season in 2004.  

The latter year was a particularly poor season, with intensity of tree-crop competition at 

the remnant sites being almost two times as great as what it was in 2003.  The harvest 

index results from 2004 also showed that yield levels were relatively more affected than 

biomass levels in the tree-crop competition zone. 

 

The complex nature of tree-crop interactions in brigalow-cropping systems was 

certainly evident in the observation that the 2004 tree-crop competition zone measured 

at the 100 YSLDb site (12 m) was less than half of the zone measured at the same site in 

2003 (28 m).  In contrast, at the 100 YSLDa site, the extent of the tree-crop competition 

zone was virtually identical across both seasons (38 m in 2003 and 40 m in 2004).  

While it is recognised that there were less sampling points measured at the 100 YSLDb 

site in 2003, and that this may have influenced the curve fitting and subsequent 

competition zone calculation, the marked discrepancy between seasons was nonetheless 

surprising, especially given the minimal ‘winter’ rainfall in 2004. 

 

Another interesting finding was that the tree-crop competition zone at the 20 YSLD site 

in 2004, exceeded the extent of the competition zones at both of the remnant sites.  A 

possible explanation for this result is that the trees at the 20 YSLD site were a 

reasonable height (6.1 m) and yet still displayed a typical regrowth canopy, with very 

dense, bush-like leaf cover.  Given these canopy characteristics, the trees may have had 

a relatively high demand for water, as exemplified in the extent of the competition zone.  

Unfortunately though, data collection at the 20 YSLD site was only done at crop 

maturity in a single season, so the tree-crop competition dynamics cannot be explored in 

any great detail.  It would certainly be interesting to measure competition zones at this 

site and regrowth sites of similar stature, over a number of seasons, to assess if tree-crop 

competition is consistently greater in comparison with remnant sites.   
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2.7.2 Changes in soil water content with distance from the brigalow stands 

The measurements of early season soil water content (SWC) to 180 cm, demonstrated 

the below-ground impact of the brigalow vegetation.  These measurements tended to 

agree with the above-ground biomass and yield results, especially in 2004.  In this 

season, SWC increased by 13%, 30% and 46% between 0 m and the ‘open paddock’, at 

the 11 YSLD, 100 YSLDa and 100 YSLDb sites, respectively.  Thus, in the zone 

immediately adjacent to the brigalow stands, remnant brigalow clearly extracted more 

water from the soil profile than regrowth brigalow.     

 

Visual assessment of the soil water graphs suggested that in general, the brigalow roots 

were working over a horizontal distance similar to that determined for the yield-based 

competition zones.  These findings support the idea that in semi-arid areas, competition 

for soil water is a major contributor to reduced crop yield adjacent to stands of trees.  

The results also indicated that very young brigalow regrowth (i.e. 4 YSLD) had a less 

extensive lateral root system compared with older regrowth and remnant brigalow. 

 

In both 2003 and 2004, SWCs at the Paddock 2 sites (11 YSLD and 100 YSLDa) were 

higher than SWCs at the Paddock 1 sites (4 YSLD and 100 YSLDb).  In line with this 

result, biomass and yield in Paddock 2 were also greater than biomass and yield in 

Paddock 1.  This result illustrates the spatial variability that can be encountered in 

integrated land-use studies, even when all sites are located on a similar soil type.  As 

highlighted by Hall et al. (2002) and Nuberg et al. (2002), variation in soil properties is 

an important consideration when seeking to explain observed soil water and tree-crop 

competition trends. 

 

2.7.3 APSIM applications 

While the results discussed above suggested a close connection between soil water and 

yield, APSIM enabled this connection to be investigated further for the 100 YSLDa site.  

Short term and long term simulations were run, explicitly ignoring competition that 

might be occurring between trees and adjacent cropping in-season, and instead, focusing 

on outcomes arising from different ‘starting’ soil water conditions.  On this basis, these 

simulations effectively tested the hypothesis that the competition effect is largely due to 

pre-season water extraction by the trees in the tree-crop interface. 
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The single-season APSIM application looking at the relative effects of ‘starting’ soil 

water and plant density on crop yields in the competition zone, suggested that most of 

the competition effect adjacent to the remnant brigalow stand was related to soil water 

conditions at the start of the growing season.  This result is in agreement with the Huth 

et al. (2002: 178) finding, that: “much of the competitive nature of the tree-crop 

interface can be found in the reduced soil water storage near the trees at sowing time”. 

 

For the long term APSIM simulations, each position in the competition zone was re-set 

to the same soil water ‘starting’ level each year.  Results from these simulations 

provided further support for the notion that ‘starting’ soil water conditions have a major 

bearing on subsequent crop performance.  The simulations failed to show a strong 

relationship between winter rainfall and yield or between winter rainfall and percentage 

yield reduction in the competition zone.  At best, only moderate relationships were 

detected between winter rainfall and yield, and winter rainfall and percentage yield 

reduction, at a distance of 20 m from the 100 YSLDa stand.  Thus, early season soil 

water conditions were more dominant than growing season rainfall, in the determination 

of crop production outcomes. 

 

Given that reductions in ‘starting’ soil water in the competition zone are related to water 

extraction by the trees during the summer fallow, this provides a case for investigating 

whether the pruning of lateral tree roots might assist in managing and reducing tree-crop 

competition.  This practice has been successful in reducing tree-crop competition in 

some studies (e.g. Sudmeyer et al. 2002b, Woodall and Ward 2002, Hou et al. 2003), 

however Woodall and Ward (2002) caution that before undertaking such an activity, it 

is important to consider the genetic characteristics of a tree species and the environment 

in which it is grown, as it may not always benefit production.  Indeed, given the ability 

of brigalow vegetation to send up suckers upon damage to its lateral root system 

(Johnson 1964), root pruning may ultimately prove to be a hindrance, rather than a help, 

in promoting agricultural productivity.  Nonetheless, root pruning is something that 

should be kept in mind for management strategies and research activities in the future.   

 

The APSIM simulations run over fifty years allowed the 2004 yield results for the     

100 YSLDa site to be placed in a long term context, based on subsequent production of 

cumulative probability distributions.  These distributions confirmed that 2004 was a 
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particularly poor season, with the yields observed at 8 m, 20 m and 180 m, having 

probabilities of occurrence of 0.00, 0.17 and 0.07, respectively.   

 

2.7.4 Experimental design and sampling issues  

An ideal experimental design for this brigalow-cropping study would have involved 

tree-crop competition assessments over a greater number of sites and also replication 

with respect to brigalow stand years since last disturbance.  Unfortunately, this was not 

possible, given the enormous variability in brigalow clearing and land management 

practices across the Tara Shire.  Indeed, it was difficult to find five sites that met all of 

the site selection criteria and that were cropped to wheat in both 2003 and 2004.   

 

Another experimental design challenge was within-site variability being greater than 

anticipated, due to the ongoing legacy of the gilgai microtopography, which persisted 

despite the paddocks having been ‘smoothed’ during their development for cropping.  

Anecdotal accounts from collaborating landholders suggested that gilgai depression 

areas often yield better than gilgai mound areas because water tends to run-off into the 

depressions, where it can be held by the heavy soils and subsequently used to enhance 

crop growth.  An effort was made to try and account for this variability by increasing 

the number of transects for wheat sampling from four to six.  However, regardless of the 

number of transects sampled, within-site variability will always be an issue for any sort 

of experimental work done on gilgai soils, and it potentially becomes even more 

complicated when a paddock has been smoothed because this can give rise to changes in 

soil chemical properties (Russell 1973).   

 

One way of accounting for the inherent variability of deep gilgaied clay soils would be 

to use an experimental design where sampling is stratified across gilgai mounds and 

depressions.  A value for the variable of interest could then be calculated, based on a 

weighted average of the mound and depression data.  This type of approach, however, 

would potentially be quite time-consuming.  Furthermore, given the need to have all 

sampling transects leading out from trees of similar stature, (in order to ensure adequate 

replication with respect to the tree component of the system), a stratified sampling 

regime could prove difficult to follow. 

 

The gilgai microtopography was also a consideration for the determination of drained 

upper limit (DUL) and crop lower limit (CLL) values.  Indeed, given that estimates of 
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DUL and CLL were only measured at a single point in Paddock 2 and at two points in 

Paddock 1, it could be questioned how accurately they represented the range of 

conditions that might be expected for gilgai soils at each brigalow site.  It was, however, 

encouraging to see that the DUL and CLL values measured in this study were 

comparable to DUL and CLL values measured for other studies on deep gilgaied clay 

soils (Dalgliesh and Foale 1998).  Furthermore, with a good match being obtained 

between simulated and observed yields, this suggests that the CLL and DUL values 

used for APSIM parameterisation were realistic. 

 

Paddock access roads positioned between the brigalow stands and the cropping areas at 

each site meant that it was impossible to get a good measure of tree-crop competition 

immediately adjacent to the brigalow stands.  These roads were effectively ‘no sow’ 

zones.  Despite being unable to collect wheat samples in such areas, it is reasonable to 

conclude that if wheat had actually been sown here, its growth would have been greatly 

reduced by the adjacent vegetation.  This conclusion is based on: (a) results of reduced 

wheat biomass and yield obtained for a considerable distance beyond the ‘no sow’ zone, 

and (b) the heightened competition that would be likely to occur for water resources, 

when brigalow and wheat are immediately adjacent.   

 

The experimental design/sampling issues discussed above reflect the observation of 

Huxley (1996a) that in general, tree-crop systems operate in a distinctly ‘patchy’ 

environment, in both a temporal and spatial sense.  This ‘patchiness’ results not only 

from initial spatial differences at a site but also from the ways in which an integrated 

land-use system, itself, produces differences in its above- and below-ground 

environment both within and between seasons.  Thus, designing and executing adequate 

sampling procedures will always be a challenge in this type of research, and perhaps 

even more so in the case of in-situ tree-crop configurations like brigalow-cropping.  

Systems such as the ones studied here will tend to be more disorderly than conventional 

agroforestry arrangements, given the tree component is generally not subject to 

ongoing, active management.  Overall, the experimental design/sampling issues mean 

that the tree-crop competition results from this study are site-specific.  Further sampling 

will need to be done across the Tara Shire to determine their regional relevance. 
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2.8 Conclusions 
The key finding from this study is that young brigalow regrowth (< 5 years since last 

disturbance) did not have a negative impact on adjacent cropping, while older brigalow 

regrowth (> 10 years since last disturbance) and remnant brigalow had a significant, 

detrimental impact on adjacent production.  Tree-crop competition zones were 

calculated as ranging from 12 m to 47 m, while crop yields within the competition zone 

were reduced by an order of 46% to 98%.  Thus, from a short-term commercial 

viewpoint, integration of brigalow vegetation with dryland cropping generally incurs a 

cost.   

 

‘Starting’ soil water conditions (i.e. soil water available at the time of sowing) are a 

major determinant of agricultural production outcomes in brigalow-cropping systems.  

Evidence for this relationship was found in field-based measurements of SWC, and 

further support was found in short-term and long term simulation modelling exercises.  

On the basis of single-season simulations it was concluded that ‘starting’ soil water 

conditions were more influential than plant density with respect to the determination of 

yield outcomes in the tree-crop competition zone.  Similarly, long term simulations 

showed that early season soil water conditions had a greater bearing on wheat yields 

than growing season rainfall.  Model validation needs to be undertaken to consolidate 

these findings. 

 

No relationships were found between key structural characteristics (e.g. height, canopy 

cover) and the extent and/or intensity of tree-crop competition.  Overall, the tree-crop 

competition results illustrated the variable response of crop yields adjacent to stands of 

regrowth and remnant brigalow.  They also highlighted the importance of taking 

seasonal conditions into account when seeking to interpret tree-crop competition 

findings.  Indeed, given the variable responses and the challenges associated with 

designing and conducting experiments in in-situ tree-crop situations, there is a need for 

dynamic models that can be run over a number of years, accounting for interactions 

between trees and crops on a daily basis, as well as the growth and changing water 

demands of regrowth and remnant brigalow.  Essentially, such models could allow for 

an assessment of production losses over the long term.  While the data collected in this 

study provides a basis for developing such models, further data collection is required to 

validate the results presented here and to also assess tree-crop competition adjacent to 

stands of older regrowth (i.e. > 20 years since last disturbance).  
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Importantly, it should be recognised that although yield decreases immediately adjacent 

to stands of brigalow might be significant, the overall impact of the trees on whole-of-

paddock yields is likely to be small.  This is because in in-situ brigalow-cropping 

systems such as those found in the Tara Shire, brigalow stands are generally confined to 

paddock perimeters and thus, only a small proportion of the total cropping area is 

subject to tree-crop interactions.  Paddock-scale considerations such as this will be 

addressed in chapter 6. 



 96

 

 

 



 97

Chapter 3. Integration of brigalow vegetation with       
dryland cropping: a hydrological perspective 

 

I don’t believe we have a problem.  The moment when we will believe we have a 

problem is when salt pops up in the landscape somewhere or when groundwater 

starts rising.    
Direct quote from a farmer based at Moonie in the Tara Shire.  This was his 
response to the presentation of modelling results which suggested that current 
farming practices were producing deep drainage. 

 

3.1 Introduction 
Secondary salinisation of soils, streams, rivers and groundwater systems is regarded as a 

significant problem for many rural and regional areas in Australia, leading to loss of 

productive potential of agricultural land, damage to infrastructure, and negative impacts 

on biodiversity (Eberbach 1998, Walker et al. 1999, NLWRA 2001).  There are three 

key factors that together give rise to the development and expression of secondary 

salinity: (1) a store of salt in the soil profile and/or groundwater system; (2) a soil or 

groundwater flow system that can move dissolved salts to the land surface, rivers or 

streams; and (3) a change in landscape hydrology (Tolmie et al. 2004).   

 

The first two factors are important considerations when assessing ‘salinity hazard’ 

(Tolmie and Silburn 2004).  Salinity hazard refers to the inherent characteristics of the 

landscape that predispose it to the development of salinity (Tolmie et al. 2002).  The 

third factor, on the other hand, is linked more closely to ‘salinity risk’.  Salinity risk 

refers to the probability that land management actions will lead to re-mobilisation and 

re-distribution of salt in the landscape and potentially, the realisation of secondary 

salinity (Bui 1997). 

 

The Tara Shire in the southern Brigalow Belt presents an interesting case with respect to 

the three factors that give rise to secondary salinity.  Extensive parts of the Shire have 

been identified as areas of high salinity hazard, largely on the basis of the first factor 

(Queensland Department of Natural Resources and Mines 2002a).  Many of the soils are 

inherently saline (Isbell 1962, Webb 1984a, Poulton et al. 2005), consisting mainly of 

NaCl (van Dijk 1980), with salinity levels often increasing sharply with depth (Russell 

et al. 1967, Tunstall and Connor 1981).  However, the groundwater flow system in the 

Tara Shire is generally well below the soil surface (Isbell 1962), in contrast to many 
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groundwater systems in south-eastern and south-western Australia (Stirzaker et al. 

2002c, Walker et al. 2002, Kington and Pannell 2003).  This means that there is 

unlikely to be a water table rise, in the short to medium-term, leading to mobilisation of 

salt and subsequent expression of dryland salinity.   

 

Given then, the nature of the identified salinity hazard in the Tara Shire, a major issue of 

concern with respect to assessing salinity risk, or the probability of secondary salinity 

occurrence, is whether land-use change has led to a change in landscape hydrology 

(Dalal 1986).  A change in landscape hydrology in this context means increased levels 

of ‘deep drainage’ (also known as ‘leakage’).  Deep drainage involves movement of 

water past the rooting zone of vegetation (Walker et al. 2002) and it occurs when the 

amount of water entering the soil profile exceeds the soil water deficit that is created by 

evapotranspiration (Yee Yet and Silburn 2003).  The drainage or leakage then becomes 

‘recharge’ once it reaches a specific groundwater system (Silberstein et al. 2002). 

 

It is important to note, however, that deep drainage, in many cases, is not necessarily a 

problem, as it allows for the renewal of groundwater supplies and becomes baseflow in 

rivers and streams.  It can become a problem though, if it occurs in excess of the 

established hydrological equilibrium of a landscape and begins to mobilise stored salts 

(Tolmie and Silburn 2004).  Eventually, this downward movement of salt might lead to 

an increase in groundwater salinity levels and possible expression of salinity in the 

creeks, streams and rivers that are fed by the groundwater system. 

 

Key determinants of deep drainage under vegetation include: (1) climate, (2) soil 

properties and (3) plant water use.  These determinants are described below, with 

respect to the Tara Shire and the brigalow-cropping systems that have been focused on 

in this study. 

 

Aspects of climate that are particularly important determinants of deep drainage are 

mean annual rainfall, timing of rainfall and potential evaporation.  The Tara Shire 

experiences a summer-dominant rainfall pattern, and on an average basis, 58% of 

annual rainfall occurs from November to March (Yee Yet and Silburn 2003).  In line 

with the summer-dominant rainfall pattern, mean potential evaporation levels exceed 

mean rainfall levels in all months of the year (Tolmie and Silburn 2004).  Hence, 

traditionally, the region was thought to have a lower risk of excessive deep drainage, 
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particularly in comparison to the winter-dominant rainfall zones in southern Australia 

(Tolmie and Silburn 2004).  This lower risk is not necessarily the case, however, as 

temporal patterns of rainfall in summer-dominant rainfall zones tend to be highly 

variable and episodic (Walker et al. 1999).  Over short time periods, rainfall can exceed 

evapotranspiration and soil storage capacity, giving rise to deep drainage (Poulton et al. 

2005).     

 

The extent to which deep drainage occurs will depend, to a large degree, on soil 

properties such as permeability and plant available water capacity (PAWC).  

Permeability refers to the ease with which water moves through the soil and subsoil 

(Walker et al. 1999).  Soils with relatively high clay content, such as the grey Vertosols 

that occur extensively throughout the Tara Shire, have lower permeability, particularly 

in comparison to soils with higher sand content (Yee Yet and Silburn 2003).  Hence, 

Vertosols tend to have low rates of deep drainage (Turpin et al. 1998). 

 

Lower rates of drainage in Vertosols are also attributed to their relatively high PAWC 

(Yee Yet and Silburn 2003).  PAWC is the quantity of water that can be stored in the 

root zone and made available for plant uptake (Abbs and Littleboy 1998, Foale et al. 

2004).  It is effectively the maximum ‘buffer’ between rainfall inputs and 

evapotranspiration outputs, as defined by the upper limit and lower limit moisture 

contents of a soil profile, over the depth of rooting (Tolmie and Silburn 2004).  While 

PAWC depends largely on the physical and chemical features of a particular soil, it is 

also related to plant characteristics such as rooting depth, as well as the distribution of 

roots and water uptake with depth (Yee Yet and Silburn 2003).  Thus, for any particular 

soil type, the PAWC of different vegetation types is likely to differ, depending on their 

individual characteristics. 

 

The PAWC of Vertosol soils under wheat cropping is reasonably well quantified for 

southern Queensland.  Typically, measured PAWCs fall within the range of 150 mm to 

240 mm for this soil type and this particular land-use (Dalgliesh and Foale 1998).  In 

contrast, the PAWC of soils under remnant and regrowth brigalow vegetation is not 

well quantified.  One of the few attempts at such a measurement has been made by 

Thorburn et al. (1991).  These researchers calculated soil water deficits for remnant 

brigalow vegetation and an area that had been cleared and cropped to wheat as being 

140 mm and 195 mm, respectively.  The smaller soil water deficit under brigalow 
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vegetation was thought to be a result of the plant’s ability to regulate water loss and to 

maintain a close balance between water input and water output (Tunstall and Connor 

1975, 1981).  Thorburn et al. (1991) concluded that a reduction in the soil water deficit, 

or likewise, a reduction in the extent of plant water extraction, would be unlikely to 

occur with the clearing of brigalow vegetation and establishment of annual cropping, 

and thus, salinity problems would also be unlikely to occur. 

 

In recent times, however, questions have been raised about the representativeness of the 

Thorburn et al. (1991) calculations, as they were based on data collected during a 

relatively wet period.  In subsequent years, drier lower limits have been measured under 

the brigalow site, suggesting a need to recalculate the PAWC (M. Silburn pers. comm.).  

This highlights the importance of placing PAWC measurements into context with 

respect to recent climatic patterns.  It also demonstrates that there is a need for further 

measurements of PAWC under brigalow vegetation, in order to arrive at a characteristic 

range of values.  This will be especially important for developing understanding of how 

PAWC, (or the size of the maximum soil ‘buffer’), changes when land is cleared of 

brigalow vegetation and used for annual cropping. 

 

As mentioned above, the degree to which PAWC varies under different land-uses will 

be associated with plant characteristics such as rooting depth or depth of water 

extraction.  In the case of annual crops, their roots are usually contained within the top 

half of the soil profile, with 180 cm generally regarded as the lowest depth to which 

wheat roots extend in Vertosols in Australia’s northern cropping zone (Hochman et al. 

2001).  In contrast, brigalow roots have been observed to extend several metres through 

the soil profile (Tunstall and Connor 1981), although most of the root material and root 

activity has been found to occur within the top 1 m (Russell et al. 1967, Tunstall and 

Connor 1981). 

 

Based on soil water data from Lawrence and Sinclair (1989), Thorburn et al. (1991) 

estimated rooting depths for remnant brigalow and wheat as being 1.6 m and 1.1 m, 

respectively.  While the depth of water extraction under brigalow vegetation was found 

to be greater than under annual cropping, it was considerably less than depths of water 

extraction measured under eucalypt forest (6 m) and pine forest (> 6 m) (Thorburn et al. 

1991).  Generally, the greater the rooting depth, the greater the ability of a plant to 

extract water from deeper in the soil profile.  The deeper that a plant can extract water, 
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the greater the soil water deficit that will be created, and in turn, the lesser the deep 

drainage (Yee Yet and Silburn 2003).   

 

Another important factor when considering deep drainage under different land-uses is 

the temporal distribution of active green leaf material of the predominant vegetation 

type (Walker et. al. 2002).  This factor is a determinant of plant water use throughout 

the year, and in turn, the likelihood of the soil ‘buffer’ filling up and thus providing 

conditions for deep drainage to occur below the rooting zone.  For annual cropping, 

active green leaf material is limited to the growing season, and accordingly, 

evapotranspiration is restricted to a relatively narrow period (Walker et al. 1999).  This 

means that annual cropping systems risk deep drainage, particularly if they incorporate 

long fallow periods.  This risk, however, can be reduced in summer-dominant rainfall 

areas by opportunity cropping (Keating et al. 2002).  This practice involves sowing a 

crop whenever sufficient soil moisture is available.  Indeed, in areas such as the 

southern Brigalow Belt, summer cropping is sometimes considered to be less risky than 

winter cropping, as crop water uptake coincides with the period of maximum rainfall 

(Paydar et al. 2005).    

 

In contrast to annual crops, perennial native vegetation has green leaf material all year 

round, and as such, actively transpires for considerably longer.  Remnant brigalow 

vegetation has a capability of restricting its water loss and maintaining high tissue water 

contents at low water potentials when water is limiting during dry periods (Tunstall and 

Connor 1975).  This particular adaptation allows the species to preserve its leaf area and 

ensures that it can readily use soil water whenever it becomes available (Tunstall and 

Connor 1981), thus minimising deep drainage. 

 

Overall, the above explanation of some of the key determinants of deep drainage does 

not reveal a particularly clear picture in terms of the extent to which deep drainage 

might be occurring in the Tara Shire, particularly following a change in land-use.  While 

the properties of Vertosol soils might help in limiting excessive drainage, episodic 

climatic events and a change from native vegetation to annual cropping are likely to 

provide suitable conditions for it to occur.  This highlights the importance of studies that 

directly measure, estimate and/or look for indications of deep drainage under different 

land-uses.  Such studies are critical for assessing whether salinity hazard is being 
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translated into a more serious salinity risk, due to inappropriate land management 

practices. 

 

With respect to direct measurements of deep drainage, there are a number of point-scale 

techniques, including soil physical methods and soil tracer methods, that are commonly 

used.  However, Walker et al. (2002) have explained that these techniques are fraught 

with difficulties.  For example, most soil physical methods (e.g. soil-flux meters, zero-

flux plane, Darcy’s law, lysimeters) are costly, labour-intensive, and subject to temporal 

variability problems.  Soil tracer methods (e.g. chloride, bromide, tritium and 36Cl) can 

also be costly and labour-intensive, and while they tend to be better suited to 

replication, they are often prone to spatial variability errors.  Moreover, given that deep 

drainage is generally a small component of the soil-water balance (Poulton et al. 2005), 

can be highly variable from season to season (Keating et al. 2002), and can vary over 

small distances depending on plant-soil-climate interactions, it is often difficult to 

obtain accurate field-based measures, particularly when errors in measuring or 

estimating rainfall and evapotranspiration are commonly larger than the deep-drainage 

flux (Walker et al. 2002).  Additionally, few of the currently available techniques are 

suitable for comparing deep drainage under different land-uses, and given that they are 

usually employed in short-term studies only, they fail to provide an indication of long-

term trends (Walker et al. 2002). 

 

Simulation modelling approaches that estimate deep drainage by accounting for 

interactions between plants, soils and water (Keating et al. 2002, Paydar et al. 2005), 

provide a means of overcoming some of the challenges associated with direct 

measurements of deep drainage (Walker et al. 2002).  One of the major benefits of 

modelling is its ability to efficiently look at a range of long term scenarios, which in the 

field, might take decades to assess (Tolmie and Silburn 2004).  Such an approach can 

save time and resources, and importantly, provide an indication of the episodicity of 

deep drainage (Yee Yet and Silburn 2003).  While these tools may not generate absolute 

drainage rates, they can allow for assessment of relative levels of deep drainage under 

different land-use systems (Poulton et al. 2005).   

 

For example, simulation modelling studies looking at deep drainage on Vertosols in the 

southern Brigalow Belt found average drainage rates of <10 mm/year and 12-23 

mm/year under native vegetation and wheat cropping, respectively (Yee Yet and Silburn 
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2003, Tolmie and Silburn 2004, Poulton et al. 2005).  These results suggest the latter 

land-use is leakier than the former.  However, as the quote at the start of this chapter 

attests, perhaps one of the biggest challenges will be trying to convince farmers of the 

validity of modelling approaches and modelling outputs, and their importance in terms 

of helping us to understand long term drainage trends.  This challenge is by no means 

small, given that in the case of some land-uses (e.g. native vegetation) there is currently 

inadequate input data for modelling, particularly with respect to important soil and plant 

characteristics such as PAWC and rooting depth.  Furthermore, limited field 

measurements of drainage are currently available for testing the drainage estimates (Yee 

Yet and Silburn 2003, Tolmie and Silburn 2004).  Overall, this means that at this point 

in time, it is difficult to objectively demonstrate confidence in modelling methods and 

outputs. 

 

Aside from directly measuring or estimating (modelling) deep drainage, another means 

of comparing the relative leakiness of different land-uses is to assess drainage in a 

qualitative sense.  Qualitative differences in drainage under different land-uses can be 

inferred from examination of soil chloride profiles (Loch and Coughlan 1984, Dalal 

1986, 1989, Turpin et al. 1998, McGarry et al. 2000, Tolmie et al. 2004, Poulton et al. 

2005).  Tolmie et al. (2002) have explained that the chloride content at any depth in the 

soil results from relative rates of evapotranspiration (upward water movement) and 

infiltration (downward water movement).  Thus, the chloride profile shape over a 

certain soil depth range, and the values of soil chloride at specific depths in the profile, 

reflect the hydrological processes occurring in the soil over time, at a particular 

location.  Soil chloride profiles are therefore a direct indicator of salt mobilisation in the 

landscape and an indirect indicator of deep drainage (Turpin et al. 1998). 

 

Tolmie et al. (2002) have further explained that under ‘natural’ conditions (i.e. a stand 

of remnant vegetation), the soil salt profile represents a long term equilibrium or steady 

state.  In such cases, the amount of salt entering the soil profile, via processes such as 

rainfall and weathering, is equivalent to the amount of salt leaving the profile, via 

processes such as deep drainage and plant uptake.  However, if there is a land-use 

change and this subsequently leads to an increase in deep drainage, the soil chloride 

profile will also undergo change, with chloride leaching from the system.  According to 

Tolmie et al. (2004), for soils such as those found in the southern Brigalow Belt, it may 
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take anywhere between 30 to > 200 years for a new equilibrium profile to be 

established, depending on the new rate of drainage.   

 

In conducting qualitative assessments of deep drainage, a number of studies have 

looked at ‘paired sites’ on Vertosol soils.  That is, areas of native vegetation, regarded 

as baseline sites, situated adjacent to areas cleared of vegetation and developed for 

cropping.  Poulton et al. (2005) assessed soil chloride levels under remnant brigalow-

belah vegetation and an adjacent area that had been cleared in 1967 and subsequently 

used for annual cropping.  To a depth of 150 cm, Poulton et al. (2005) measured       

23.1 t/ha and 7.8 t/ha of chloride under remnant vegetation and annual cropping, 

respectively.  These figures indicate that in the cultivation area, 15.3 t/ha (66%) of 

chloride had been displaced downwards in the soil profile.  Tolmie et al. (2004) have 

presented figures for a number of paired sites and two examples are reported here.  At 

one site, to a depth of 150 cm, 38.0 t/ha of chloride was measured under remnant 

brigalow-belah vegetation, while 25.5 t/ha of chloride was measured under an adjacent 

area that had been cropped for approximately 10 years.  This represents a chloride loss 

of 12.5 t/ha (33%) as a result of the change to annual cropping.  At a second site, to a 

depth of 150 cm, 28.3 t/ha of chloride was measured under remnant brigalow vegetation 

while 4.4 t/ha of chloride was measured under an adjacent area that had been cropped 

for approximately 70 years.  In this case, 23.9 t/ha (84%) of chloride had leached from 

the top 150 cm of the soil profile, following land conversion to annual cropping. 

 

Data from the studies reported above suggest greater rates of deep drainage occurring 

under cropping in comparison with native vegetation, based on chloride leaching having 

occurred under the new land-use.  Drainage rates can be influenced by a number of 

factors, including soil properties (e.g. PAWC, clay content), the length of time over 

which cropping has been conducted at a site, the type of tillage practices employed, the 

coincidence of cropping or fallows with wet or dry periods, and the depth of soil 

measurement (Tolmie et al. 2004).  This highlights the importance of collecting 

information about soil characteristics and paddock management history, so that chloride 

movement and deep drainage patterns can be related to specific site and paddock 

management details.   

 

In addition to comparing deep drainage under different land-uses (e.g. native vegetation 

versus annual cropping), another relevant area of salinity risk research is consideration 
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of deep drainage across the landscape when different land-uses are integrated, as in the 

case of brigalow-cropping systems.  In recent years, researchers have become 

increasingly interested in the salinity mitigation potential of combinations of trees and 

annual cropping (e.g. Lefroy and Stirzaker 1999, Lefroy et al. 2001, Knight et al. 2002, 

Stirzaker et al. 2002c, Ellis et al. 2005, Oliver et al. 2005).  In particular, it has been 

thought that the roots from tree shadelines or tree belts in alley cropping systems might 

extend laterally into adjacent cropping areas and be able to use water that is in excess of 

crop requirements (Stirzaker et al. 2000).  This root activity may subsequently result in 

a ‘no-drainage zone’ (Stirzaker et al. 2002b), which can be defined as the horizontal 

distance out from the trees over which deep drainage is effectively reduced to zero or to 

a level similar to that occurring under native vegetation (Oliver et al. 2005).   

 

Indeed, it has been proposed that tree belts in integrated land-use systems could well 

have a greater impact, in terms of drainage reduction, than trees in plantation, because 

they are likely to grow faster and larger in response to the extra resources that they can 

obtain from the neighbouring cropping area (Stirzaker et al. 2002b).  Thus, fewer trees 

may be needed to reach a certain drainage target and more land could potentially be left 

for agricultural use.  It is important to note, however, that in many integrated land-use 

situations, particularly in low to medium rainfall areas, it has been found that any 

benefits in terms of a decrease in deep drainage are often negated by strong tree-crop 

competition (Oliver et al. 2005).  Alley-cropping designs, in particular, are commonly 

considered undesirable from an economic viewpoint because the costs to agricultural 

production are direct, immediate and ongoing, whereas the hydrological benefits are 

usually indirect and long term (Knight et al. 2002).  Hence, analyses of new land-use 

systems need to consider both hydrological and production outcomes, in order to arrive 

at a sound understanding of their long term viability (Stirzaker et al. 2002c). 

 

In the context of brigalow-cropping systems, this study seeks to contribute to the body 

of salinity-related research for Queensland, and in particular, the southern Brigalow 

Belt.  Given the relatively limited data available for brigalow water use characteristics, 

the study looks at the lateral and vertical extent of water extraction by regrowth and 

remnant brigalow, in comparison to annual cropping.  It also measures and compares 

PAWCs for regrowth and remnant brigalow and annual cropping.  While the study does 

not directly measure deep drainage, it examines soil chloride profiles to qualitatively 

infer differences in drainage rates under brigalow vegetation and cropping.  Thus, both 
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determinants of deep drainage (depth and extent of plant water extraction, PAWC) and 

evidence of increased deep drainage (based on soil chloride data), are investigated for 

brigalow-cropping systems. 

 

A particularly novel feature of this study is its investigation of water extraction patterns, 

PAWCs and soil chloride profiles for regrowth brigalow.  Indeed, it has been suggested 

that regrowth may even support a similar hydrological regime to remnant vegetation, 

given its considerable leaf area (Freebairn 2000).  Accordingly, regrowth may 

potentially be a useful tool for the prevention and/or mitigation of secondary 

salinisation of soils in agricultural landscapes. 



 107

3.2 Aims and research questions 
The aims of this study were: 

(1) To examine and compare water extraction patterns for annual cropping (wheat) and 

brigalow stands of different years since last disturbance; and 

(2) To analyse soil chloride data measured under annual cropping and brigalow stands 

of different years since last disturbance, to assess if there is evidence of salt 

mobilisation, and hence, increased deep drainage, following a change in land-use. 

 

In line with these aims, the following research questions were investigated: 

(1) How do volumetric water profiles compare between different distances from 

brigalow stands of different years since last disturbance? 

(2) How do depths of water extraction compare between annual cropping and brigalow 

stands of different years since last disturbance? 

(3) How do plant available water capacities compare between annual cropping and 

brigalow stands of different years since last disturbance? 

(4) How do soil chloride profiles measured under annual cropping, compare with those 

measured under brigalow stands of different years since last disturbance? 

(5) Do total soil chloride values decrease with increasing distance from brigalow stands 

of different years since last disturbance?  

 

3.3 Study design and data collection 
Study of soil water and soil chloride was done at the 4 YSLD, 11 YSLD, 100 YSLDa 

and 100 YSLDb sites on ‘Property A’ (Figure 2.1, Table 2.1), as a comparative 

mensurative experiment (Hurlbert 1984).  Soil samples collected in the ‘open paddock’ 

and at 0 m (i.e. on the edge of the brigalow stands), were considered to represent 

conditions underneath annual cropping and brigalow vegetation, respectively.  Details 

about the study sites; soil sampling and processing; soil water and soil chemical 

analysis; and the determination of plant available water capacity; have been provided 

previously, in sections 2.3 and 2.4.  
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3.4 Data analyses 
Q. 1: How do volumetric water profiles compare between different distances from 

brigalow stands of different years since last disturbance? 

The soil water dataset sampled near the end of the 2003/2004 summer fallow was used 

to answer this question because it provided the most replication on a single sampling 

date.  Soil water profiles were graphed as volumetric water content versus soil depth, for 

the 0 m, 20 m and ‘open paddock’ positions (with respect to the brigalow stand) at each 

site.  These profiles were visually examined to obtain a general understanding about 

water extraction by stands of brigalow of different years since last disturbance.  Data 

analyses were then performed in three steps, to investigate differences between the 

profiles as follows: (1) overall differences between volumetric water profiles across all 

sites, (2) differences between volumetric water profiles within a site, and (3) differences 

between volumetric water profiles at specific depths, within a site.  These steps are 

described below.  All analyses were done with SPSS (standard version 12.0.1) for 

Windows. 

 

It is important to point out that the three-step analysis process was conservatively 

applied, due to varying numbers of replicates between volumetric water profiles and 

also between soil depths of single profiles.  The unbalanced nature of the dataset was a 

consequence of inherent difficulties associated with sampling heavy clay soils, 

particularly at depth.  Analyses were done selectively, guided by obvious differences 

sighted in the graphical representation of the data.   

 

1. Overall profile differences across all sites 

For the first analysis step, repeated measures analysis of variance (ANOVA) was used 

to test for differences between volumetric water profiles across all sites.  The repeated 

measures test was performed because temporal (and spatial) interdependency existed 

between volumetric water measurements recorded at each depth of each profile.  

Accordingly, soil depth was the repeated factor, while brigalow stand and distance from 

the brigalow stand were fixed factors.  Together, these latter factors defined 11 

‘treatments’ for a general linear model (Table 3.1). 
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Table 3.1: The fixed factors defining each ‘treatment’ for the repeated measures ANOVAs 
for soil water 

                     Fixed factors 
Treatment no. Brigalow stand Distance from brigalow stand (m) 

1 4 YSLD 0 
2 4 YSLD 20 
3 4 YSLD 200 
4 11 YSLD 0 
5 11 YSLD 20 
6 11 YSLD/100 YSLDa 120/180* 
7 100 YSLDa 0 
8 100 YSLDa 20 
9 100 YSLDb 0 

10 100 YSLDb 20 
11 100 YSLDb 200 

* The same ‘open paddock’ position was used for both the 11 YSLD and 100 YSLDa stands in Paddock 
2, as the soil was relatively uniform across this paddock.  However, this position occurred at different 
distances from the two stands 

 

 

2. Overall profile differences within sites 

The second and third analysis steps specifically addressed the research question by 

investigating within-site differences between volumetric water profiles.  For the second 

step, repeated measures ANOVA was selectively used to test for overall differences 

between profiles at each site.  ANOVAs were performed in cases where visual 

examination of the graphed data and/or knowledge of levels of replication, suggested 

that there may be a significant difference.   

 

3. Profile differences at specific depths, within a site 

The third analysis step was performed where significant differences were found overall, 

between volumetric water profiles within a site.  This step involved a limited number of 

contrasts being investigated for specific profile depths.  Contrasts were only done where 

obvious differences were apparent in the graphical representation of the data.   

 

Q. 2: How do depths of water extraction compare between annual cropping and 

brigalow stands of different years since last disturbance? 

To estimate depths of water extraction for the different vegetation types and to calculate 

PAWC (described below), drained upper limit (DUL), crop lower limit (CLL) and 

brigalow lower limit (BLL) were measured for wheat and brigalow stands at each site 

on ‘Property A’ (see section 2.4 for a detailed explanation).  The DUL and CLL data 

have been reported above (section 2.4), while the BLL figures are reported here (Table 

3.2).  The BLL data generally reflect in-field measurements.  Nevertheless, in some 
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cases it was evident that processes such as soil saturation and soil water evaporation 

from surface layers of the soil profile, had given rise to volumetric water values that did 

not adequately represent BLL.  In such cases, conservative data adjustments were made, 

in line with those made for the CLL and DUL datasets.   

 

 

Table 3.2: Brigalow lower limit (BLL) values for the four sites on 'Property A' 

BLL (mm/mm) Depth  
(cm) 4 YSLD site 11 YSLD site 100 YSLDa site 100 YSLDb site 
0-15 0.24 0.30* 0.24* 0.19# 

15-30 0.24 0.30 0.24 0.19# 
30-60 0.24 0.31 0.26 0.19 
60-90 0.25 0.32 0.27 0.18 

90-120 0.26 0.33 0.30 0.19 
120-150 0.26 0.34 0.30 0.20 
150-180 0.26 0.34 0.30 0.20 
180-210 0.26 0.33 0.30 0.21 
210-240 0.27 0.34 0.29 0.21 
240-270 0.26 0.33 0.30 0.21 
270-300 0.25 0.32 0.31 0.20 

* Value adjusted downwards 
# Value adjusted upwards 
 

 

The CLL/BLL and DUL data, plotted as volumetric water profiles, were examined to 

see if they converged or if they were close to converging, at any particular depth of the 

soil profile.  Where such convergence occurred, this provided an indication of the likely 

maximum depth of wheat/brigalow water extraction.  In cases where the profiles did not 

converge, it was assumed that depths of water extraction extended beyond the limits of 

the profiles. 

 

Q. 3: How do plant available water capacities (PAWCs) compare between annual 

cropping and brigalow stands of different years since last disturbance? 

PAWCs were calculated by summing differences between maximum (i.e. DUL) and 

minimum (i.e. CLL/BLL) volumetric water contents, down to the estimated depths of 

water extraction for brigalow and wheat.  In addition, PAWCs were calculated to a 

depth of 180 cm.  This latter calculation allowed for standardised comparisons of extent 

of water extraction between sites.  Importantly, individual PAWCs were calculated for 

wheat at each site, to ensure that comparisons of PAWCs between brigalow vegetation 

and wheat were not confounded by differences in soil type. 
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Q. 4: How do soil chloride profiles measured under annual cropping compare with 

those measured under brigalow stands of different years since last disturbance? 

For each site on ‘Property A’, soil chloride concentration data (mg/kg) were pooled 

across the various 2003 and 2004 soil sampling dates.  Mean values were then 

calculated for eleven depths in the soil profile, from 0-300 cm.  Data pooling was 

deemed appropriate given that comparisons of datasets across the two years showed 

minimal evidence of salt movement (see Figure 3.1, as an example).  Moreover, data 

amalgamation provided a means of better capturing within-paddock soil chloride 

variability, by increasing the level of replication at each depth.   

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 3.1: Soil chloride profiles measured at 0 m at the 100 YSLDa site on 12.12.02 (□), 12.6.03 (●) 
and 5.5.04 (x).  Graphs show mean values for 1–2 reps at each depth ± 1 standard error (in the case 
of > 1 rep.) 

 

 

Mean chloride concentration values were plotted as a function of soil depth, to generate 

soil chloride profiles for the 0 m and ‘open paddock’ positions, with respect to the 

brigalow stands at each site.  The former position was seen as representing soil chloride 

status under brigalow, while the latter position represented soil chloride status under 

annual cropping.  The profiles were visually examined for changes in chloride content 

with soil depth and with land-use (i.e. native vegetation versus annual cropping).  Data 

analyses were then performed in four steps, to investigate differences between the 



 112

profiles as follows: (1) overall differences between soil chloride profiles across all sites, 

(2) overall differences between soil chloride profiles within a site, (3) differences 

between soil chloride profiles at specific depths, within a site, and (4) cumulative 

chloride differences within a site. 

 

Similar to the volumetric water analysis process, the four-step soil chloride analysis 

process was conservatively applied, due to varying numbers of replicates between 

profiles and also between depths of single profiles.  All analyses were performed using 

SPSS (standard version 12.0.1) for Windows. 

 

1. Overall profile differences across all sites 

For the first analysis step, repeated measures analysis of variance (ANOVA) was used 

to test for differences between soil chloride profiles across all sites.  As with the 

volumetric water data, the repeated measures test was performed because temporal (and 

spatial) interdependency existed between soil chloride measurements recorded at each 

depth of each profile.  Accordingly, soil depth was the repeated factor, while brigalow 

stand and distance from the brigalow stand were fixed factors.  Together, these latter 

factors defined 7 ‘treatments’ for a general linear model (Table 3.3). 

 

 

Table 3.3: The fixed factors defining each ‘treatment’ for the repeated measures ANOVAs 
for soil chloride 

                     Fixed factors 
Treatment no. Brigalow stand Distance from brigalow stand (m) 

1 4 YSLD 0 
2 4 YSLD 200 
3 11 YSLD 0 
4 11 YSLD/100 YSLDa 120/180* 
5 100 YSLDa 0 
6 100 YSLDb 0 
7 100 YSLDb 200 

*  The same ‘open paddock’ position was used for both the 11 YSLD and 100 YSLDa stands in Paddock 2, 
as the soil was relatively uniform across this paddock.  However, this position occurred at different 
distances from the two stands 

 

 

2. Overall profile differences within sites 

The second and third analysis steps specifically addressed the research question by 

investigating within-site differences between soil chloride profiles.  For the second step, 

repeated measures ANOVA was selectively used to test for overall differences between 

profiles.  ANOVAs were performed in cases where visual examination of the graphed 
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data and/or knowledge of levels of replication, suggested that there may be a significant 

difference.   

 

3. Profile differences at specific depths, within sites 

The third analysis step was undertaken where significant differences were found 

between profiles within a site.  This step involved a limited number of contrasts being 

investigated for specific profile depths.  Contrasts were only done where obvious 

differences were apparent in the graphical representation of the data.   

 

4. Cumulative chloride differences within sites 

To further investigate soil chloride differences between 0 m and the ‘open paddock’, 

cumulative chloride profiles (t/ha) were plotted to a depth of 300 cm.  Bulk density 

values listed in Table 2.6 (section 2.4) were used to convert the mg/kg soil chloride 

values to t/ha.  These graphs were examined for soil chloride losses in the ‘open 

paddock’, at depths of 150 cm and 300 cm. 

 

Q. 5: Do total soil chloride values decrease with increasing distance from brigalow 

stands of different years since last disturbance?  

Soil chloride status was examined from a gross perspective, on the basis of total 

chloride content (t/ha) summed between 0–180 cm.  A depth of 180 cm was chosen for 

the analysis because chloride measurements were consistently recorded to this depth, at 

a range of distances from the brigalow stands, across all four ‘Property A’ sites.   

 

Graphs of distance from the trees (m) versus total chloride content (t/ha) were examined 

for evidence of trends.  Where appropriate, ANOVAs and t-tests were used to test for 

differences in total chloride content between the various positions.  At sites where there 

was evidence of a significant difference between 0 m and the ‘open paddock’, this was 

quantified to provide an estimation of how much chloride had leached below 180 cm.  

The Data Analysis Tools in Excel 2002 were used to perform the ANOVAs and t-tests. 
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3.5 Results 
Q. 1: How do volumetric water profiles compare between different distances from 

brigalow stands of different years since last disturbance? 

As outlined above, this research question was analysed in three steps.  Results for each 

step are detailed below. 

 

1. Overall profile differences across all sites 

Visual inspection of the graphed volumetric water data identified differences across the 

sites with respect to soil water levels and uniformity of soil water throughout individual 

profiles (Figure 3.2).  Overall, volumetric water profiles at the Paddock 1 (4 YSLD and 

100 YSLDb) sites were drier than those measured at the Paddock 2 (11 YSLD and     

100 YSLDa) sites.  With respect to volumetric water changes with soil depth, the           

4 YSLD 0 m, 11 YSLD 0 m, 11 YSLD 20 m and 11 YSLD/100 YSLDa ‘open paddock’ 

profiles displayed greater uniformity than the other volumetric water profiles. 
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A repeated measures ANOVA (overall model) supported the above observations (Table 

3.4). The soil depth × treatment (i.e. brigalow stand and distance from the brigalow 

stand) interaction was found to significantly influence volumetric water levels across all 

sites.  Both soil depth and treatment were significant as well.  On the basis of these 

results, investigation into within-site differences between the volumetric water profiles 

was warranted, to gain a better understanding of the impact of distance from the 

brigalow stand on volumetric water. 

 

2. Overall profile differences within sites 

Visual examination of the graphed data (Figure 3.2) revealed that at the 11 YSLD,     

100 YSLDa and 100 YSLDb sites, volumetric water profiles at 0 m were driest, followed 

by the 20 m and ‘open paddock’ profiles.  At the 4 YSLD site the volumetric water 

profile at 0 m was driest, followed by the ‘open paddock’ and 20 m profiles.  Overall, 

however, relatively small differences were observed between the three profiles at the 

regrowth sites.  In contrast, at the 100 YSLDa site, there were relatively larger 

differences between the 0 m and ‘open paddock’ profiles, and between the 20 m and 

‘open paddock’ profiles.  Similarly, at the 100 YSLDb site, relatively larger differences 

were noted between the 0 m and 20 m profiles and between the 0 m and ‘open paddock 

profiles. 

 

Repeated measures ANOVA was selectively used to further investigate some of the 

above observations (Table 3.4).  Testing for an overall significant difference was done 

between the 0 m and 20 m profiles at the 4 YSLD, 100 YSLDa and 100 YSLDb sites; 

between the 20 m and ‘open paddock’ profiles at the 100 YSLDa site; and between the  

0 m and ‘open paddock’ profiles at the 11 YSLD and 100 YSLDa sites.  These tests 

focused on profiles that were likely to be different, rather than testing for differences 

between all profiles at each site.  The 100 YSLDa site in particular, had good replication 

and was thus useful for obtaining insight into the water use dynamics of remnant 

brigalow.   
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The interaction between soil depth and treatment (i.e. distance from the brigalow stand, 

in the case of these within-site comparisons) was found to significantly influence 

volumetric water levels at the 4 YSLD (0 m vs 20 m), 100 YSLDa (0 m vs 20 m and      

0 m vs 180 m) and 100 YSLDb (0 m vs 20 m) sites.  Soil depth had a significant effect 

on volumetric water when comparing between the 0 m and ‘open paddock’ (180 m) 

profiles at the 100 YSLDa site and between the 0 m and 20 m profiles at the 100 YSLDb 

site.  Treatment (i.e. distance from the brigalow stand) had a significant effect when 

comparing between the 0 m and ‘open paddock’ (180 m) profiles and the 20 m and 

‘open paddock’ (180 m) profiles at the 100 YSLDa site only.   

 

3. Profile differences at specific depths, within a site 

Contrasts of volumetric water levels at particular soil depths provided further insight 

into differences between within-site profiles (Table 3.5).  Contrasts were selectively 

investigated for the 100 YSLDa site only, as it provided the most convincing evidence 

for within-site profile differences.  At the 100 YSLDa site, significant differences were 

found between depths of 0–60 cm for the 0 m vs 20 m profiles; for the 0 m vs 180 m 

profiles, significant differences were found between depths of 0–270 cm; and for the   

20 m vs 180 m profiles, significant differences were found between 60–90 cm and 

between 20–270 cm. 

 

Q. 2: How do depths of water extraction compare between annual cropping and 

brigalow stands of different years since last disturbance?  

None of the crop lower limit (CLL) or brigalow lower limit (BLL) profiles actually 

‘met’ their associated drained upper limit (DUL) profile at depth (Figure 3.3).  

Nevertheless, there was only 0.01 mm/mm difference in volumetric water between the 

CLL and DUL profiles at the 4 YSLD and 100 YSLDb sites at a depth of 180 cm, and 

between the BLL and DUL profiles at the 11 YSLD site at a depth of 300 cm.  

Similarly, only 0.02 mm/mm difference in volumetric water was observed between the 

BLL and DUL profiles at the 4 YSLD and 100 YSLDa sites at 300 cm.  Accordingly, it 

was reasoned that 180 cm was a sound estimate of depth of water extraction for wheat at 

the 4 YSLD and 100 YSLDb sites, and 300 cm was a sound estimate of depth of water 

extraction for brigalow at the 4 YSLD, 11 YSLD and 100 YSLDa sites. 
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At the 11 YSLD and 100 YSLDa sites there was a comparatively greater difference 

between the CLL and DUL profiles of 0.05 mm/mm of volumetric water (Figure 3.3).  

However, given the CLL profiles appeared to be converging with the DUL profiles, it 

was conservatively assumed that depth of water extraction for wheat was between     

180–210 cm at these sites.   

 

In the case of the 100 YSLDb site, there was a difference of 0.04 mm/mm of volumetric 

water between the BLL and DUL profiles (Figure 3.3) and there was no evidence that 

the profiles were converging.  Thus, in this instance, the data indicated that depth of 

water extraction for remnant brigalow was beyond the 300 cm depth. 

 

Q. 3: How do plant available water capacities (PAWCs) compare between annual 

cropping and brigalow stands of different years since last disturbance? 

To a depth of 180 cm, the PAWCs calculated for wheat were 255 mm, 212 mm and  

168 mm, at the 4 YSLD, 11 YSLD/100 YSLDa and 100 YSLDb sites, respectively 

(Table 3.6 and Figure 3.3).  To the same depth, PAWCs calculated for 4 YSLD,            

11 YSLD, 100 YSLDa and 100 YSLDb brigalow, were 207 mm, 102 mm, 183 mm and  

255 mm, respectively.  Thus, in the top half of the soil profile, the PAWCs for wheat 

were correspondingly 48 mm, 110 mm and 29 mm greater than the PAWCs calculated 

for brigalow, at the 4 YSLD, 11 YSLD and 100 YSLDa sites.  At the 100 YSLDb site, 

however, the PAWC calculated for brigalow exceeded that calculated for wheat by      

87 mm. 

 

 

Table 3.6: Plant available water capacities (PAWCs) for brigalow and wheat at the four 
sites on 'Property A' 

Site 
 

PAWC to 180 cm 
(mm) 

PAWC to 300 cm 
(mm) 

4 YSLD   brigalow 207 237 

 wheat 255 N.A.* 

11 YSLD brigalow 102 129 
 wheat 212# N.A.* 
100 YSLDa  brigalow 183 246 
 wheat 212# N.A.* 
100 YSLDb brigalow 255 303 

 wheat 168 N.A.* 
* CLL was only measured to a depth of 180 cm, the approximate rooting depth of wheat 
# Note that because the soil was relatively uniform across Paddock 2, only one set of CLL and DUL 

values was established.  Hence, wheat PAWCs are identical for the 11 YSLD and 100 YSLDa sites 
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While the above comparisons accounted reasonably well for the rooting depth of wheat, 

they did not sufficiently account for the rooting depth of brigalow, particularly in light 

of results reported above for depths of water extraction.  Accordingly, a second series of 

comparisons was undertaken, with PAWC being calculated to a depth of 300 cm for 

each brigalow site.  To this depth, the PAWCs for 4 YSLD, 11 YSLD, 100 YSLDa and 

100 YSLDb brigalow were 237 mm, 129 mm, 246 mm and 303 mm, respectively (Table 

3.6, Figure 3.3).  On this basis, the PAWCs for wheat were correspondingly 18 mm and 

83 mm greater than the PAWCs for brigalow at the 4 YSLD and 11 YSLD sites.  In 

contrast, at the 100 YSLDa and 100 YSLDb sites, the PAWCs calculated to 300 cm for 

brigalow were greater than those calculated for wheat, by 34 mm and 135 mm, 

respectively. 

 

Across all sites it was generally observed that most of the PAWC (for both brigalow and 

wheat) was contained within the top 2 m of the soil profile (Figure 3.3).  However, due 

to greater depths of water extraction at the brigalow sites, an additional 30 mm or 14% 

(4 YSLD), 27 mm or 26% (11 YSLD), 63 mm or 34% (100 YSLDa) and 48 mm or 19% 

(100 YSLDb) of PAWC was measured between 180 cm and 300 cm.   

 

In the case of the 100 YSLDb brigalow stand, it is recognised that PAWC was possibly 

greater than that reported here, given depth of water extraction appeared to extend 

beyond 300 cm.  If it is assumed that the 100 YSLDb roots reached a depth of 400 cm, 

with a 0.04 mm/mm difference in volumetric water between the BLL and DUL profiles 

being maintained for most of this additional depth, then PAWC would be approximately 

340 mm.  This is only 12% greater than the PAWC calculated to 300 cm, so the earlier 

figure can be considered a reasonable estimate. 

 

Further insight into differences in PAWC was obtained by comparing the lower limit 

profiles of wheat and brigalow.  CLL was drier than BLL to a depth of 150 cm at the     

4 YSLD and 100 YSLDa sites, and to 180 cm at the 11 YSLD site.  In contrast, at the 

100 YSLDb site, BLL was drier than CLL at all depths below 30 cm.   
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To investigate how PAWCs compared between regrowth and remnant brigalow, an 

additional graph was generated showing the BLL and DUL profiles for Paddock 2 

(Figure 3.4).  At every depth of the soil profile to 300 cm, the BLL for the 100 YSLDa 

site was less than the BLL for the 11 YSLD site.  Accordingly, it was calculated that the 

PAWC for the remnant stand exceeded the PAWC for the regrowth stand by 117 mm.  

A direct comparison between regrowth and remnant PAWC was not attempted for 

Paddock 1, due to differences in soil type between the brigalow sites. 
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Figure 3.4: 100 YSLDa BLL (x), 11 YSLD BLL (□) and DUL (●) data for Paddock 2.  The graph 
shows mean values or adjusted mean values for 2–8 reps at each depth 
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Q. 4: How do soil chloride profiles measured under annual cropping compare with 

those measured under brigalow stands of different years since last disturbance? 

As explained above, this question was analysed in four steps.  Results for each analysis 

step are detailed below. 

 

1. Overall profile differences across all sites 

Visual inspection of the datasets revealed differences in soil chloride levels and 

uniformity of soil chloride down the profiles (Figure 3.5).  Across all sites it was 

observed that chloride levels increased with depth, however, chloride concentration 

levels at the Paddock 1 sites (4 YSLD and 100 YSLDb) (Figure 3.5 a, d) appeared to 

reach an asymptote at a lower soil chloride concentration (~2000 mg/kg), compared 

with the Paddock 2 sites (11 YSLD and 100 YSLDa) (~3500 mg/kg) (Figure 3.5 b, c).  

Furthermore, chloride profile differences between 0 m and the ‘open paddock’ were 

more obvious in Paddock 2 than Paddock 1.   

 

A repeated measures ANOVA (overall model) supported the above observations.  The 

interaction between soil depth and ‘treatment’ was not significant, however, both soil 

depth and ‘treatment’ (i.e. brigalow stand and distance from the brigalow stand) 

significantly influenced soil chloride levels across all sites (Table 3.7).  Thus, soil 

chloride levels were significantly different between treatments but the general shape of 

the chloride profiles was not significantly different.  On the basis of ‘treatment’, 

individually, having a significant effect, investigations into within-site differences were 

made, to gain a better understanding of the impact of distance from the brigalow stand 

on soil chloride. 

 

 

Table 3.7: Results of repeated measures ANOVAs testing the effects of soil depth and 
'treatment' (i.e. brigalow stand and distance from a brigalow stand) on soil chloride.  
Presented are degrees of freedom (d.f.), F-values (F) and levels of significance (P) 

Within-site models Overall model 
4 YSLD 0 m vs  
4 YSLD 200 m 

11 YSLD 0 m vs 
11 YSLD 120 m 

100 YSLDa 0 m 
vs 100 YSLDa 
180 m 

100 YSLDb 0 m 
vs 100 YSLDb 
180 m 

Source of 
variation 

d.f. F d.f. F d.f. F d.f. F d.f. F 
depth 10 46.50*** 10 37.36*** 10 21.85*** 10 17.40*** 10 17.51*** 

‘treatment’ 6 18.34*** 1 2.065n.s. 1 12.98** 1 3.167n.s. 1 45.66n.s. 

depth x 
‘treatment’ 

60 1.179n.s. 10 0.478n.s. 10 0.307n.s. 10 0.940n.s. 10 2.614n.s. 

** P < 0.01, *** P < 0.001, n.s. not significant 
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2. Overall profile differences within sites 

Visual examination of the graphed data (Figure 3.5) revealed that at the 4 YSLD,         

11 YSLD and 100 YSLDa sites, soil chloride levels in the ‘open paddock’ were lower 

than soil chloride levels at 0 m, for most depths of the profile.  At the 100 YSLDb site, 

in contrast, the 0 m and ‘open paddock’ soil chloride profiles were not clearly separated 

and they both showed relatively low soil chloride levels. 

 

Considering each site on an individual basis, at the 4 YSLD site at 0 m, chloride levels  

increased to a depth of 300 cm and to approximately 2400 mg/kg (Figure 3.5 a).  

Similarly, the ‘open paddock’ profile displayed increasing chloride levels to a depth of 

270 cm, where the peak value was approximately 2300 mg/kg.  A repeated measures 

ANOVA found that the interaction between depth and ‘treatment’ (i.e. distance from the 

brigalow stand) did not have a significant effect on soil chloride (Table 3.7).  There was 

also no significant effect due to ‘treatment’ alone.  Soil depth, however, did have a 

significant effect on soil chloride levels.  Thus, at the 4 YSLD site, there were no 

significant differences between the profiles overall, with respect to their shape or soil 

chloride levels.  

 

At the 11 YSLD site, at both positions, chloride levels increased to a depth of at least 

300 cm (Figure 3.5 b).  Chloride levels at this depth were approximately 4300 mg/kg 

and 3700 mg/kg, at 0 m and the ‘open paddock’, respectively.  Results from a repeated 

measures ANOVA revealed no significant effect on soil chloride arising from the 

interaction between soil depth and ‘treatment’ but individually, both soil depth and 

‘treatment’ did have a significant effect (Table 3.7).  This means that the shapes of the 

two profiles were not significantly different but there was, overall, a significant 

difference between the two profiles in terms of soil chloride levels.   

 

At the 100 YSLDa site at 0 m, soil chloride levels increased to a depth of 240 cm and a 

peak value of approximately 3700 mg/kg.  In the ‘open paddock’ soil chloride increased 

to approximately 3700 mg/kg and at least a depth of 300 cm (Figure 3.5 c).  A repeated 

measures ANOVA found that neither the interaction between depth and ‘treatment’ or 

‘treatment’ had a significant effect on soil chloride levels (Table 3.7).  Only soil depth 

had a significant effect.  Hence, overall, there were no significant differences between 

the profiles with respect to their shape or soil chloride levels. 
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The 100 YSLDb site did not show a clear distinction between its two soil chloride 

profiles (Figure 3.5 d).  At 0 m, soil chloride increased to a depth of at least 300 cm and 

to a level of approximately 1900 mg/kg.  In the ‘open paddock’, soil chloride increased 

to a depth of 210 cm and to a level of approximately 2000 mg/kg.  According to 

repeated measures ANOVA results, the interaction between depth and ‘treatment’ did 

not have a significant effect on soil chloride levels and neither did ‘treatment.  Soil 

depth only, had a significant effect on soil chloride.  Thus, there were no significant 

differences overall between the profiles with respect to their shape or soil chloride 

levels. 

 

3. Profile differences at specific depths, within sites 

Visual inspection of the graphed soil chloride data suggested that there were likely to be 

significant differences between the profiles at the 11 YSLD and 100 YSLDa sites, 

particularly between depths of 30–150 cm (Figure 3.5 b, c).  The within-site ANOVA 

results reported above, revealed that overall, the profiles at the 11 YSLD site were 

significantly different.  On this basis, it was deemed reasonable to look for significant 

differences in chloride levels at the soil depths nominated.  A series of contrasts 

provided a means of gaining further insight into how and where the chloride profiles 

differed.  The contrasts revealed significant differences between the 0 m and ‘open 

paddock’ profiles, between depths of 30–120 cm (Table 3.8). 

 

 

Table 3.8: Results for contrasts at particular depths, for soil chloride profiles at the          
11 YSLD and 100 YSLDa sites 

Profile contrasts Soil depth 
(cm) 11 YSLD:  

0 m vs 120 m 
100 YSLDa: 

 0 m vs 180 m 
15-30 n.s. n.s. 
30-60 * * 
60-90 * * 

90-120 * n.s. 
120-150 n.s. – 

* P < 0.05, ** P < 0.01, *** P < 0.001, n.s. not significant, – contrast not attempted 

 

 

While the ANOVA result for the 100 YSLDa site did not find a significant difference 

overall, between the site’s two profiles, contrasts were nonetheless investigated.  It was 

reasoned that while the overall test may have been unable to discriminate between the 

two profiles due to variability in the dataset, there may still have been significant 
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differences occurring at particular depths.  Thus, contrasts were done for all depths 

between 30–120 cm.  Significant differences between the profiles were found to occur 

between 30–90 cm (Table 3.8). 

 

4. Cumulative chloride differences within sites 

Cumulative chloride profiles indicated that considerable chloride was stored under 

native vegetation in the top half of the soil profile (Figure 3.6).  At the 4 YSLD,           

11 YSLD, 100 YSLDa and 100 YSLDb sites, there was respectively 42 t/ha, 68 t/ha,    

63 t/ha and 26 t/ha of chloride between 0–150 cm.  For the same soil depth, less 

chloride was stored under annual cropping, with corresponding values of 33 t/ha, 37 t/ha 

and 23 t/ha being measured at the 4 YSLD, 11 YSLD/100 YSLDa and 100 YSLDb sites.  

Effectively, these figures reveal chloride losses in the ‘open paddock’ at the 4 YSLD,  

11 YSLD, 100 YSLDa and 100 YSLDb sites of 9 t/ha (21%), 31 t/ha (46%), 26 t/ha 

(41%) and 3 t/ha (12%), respectively. 

 

The cumulative chloride profiles also showed net chloride losses at depth, (i.e. 300 cm), 

at the ‘open paddock’ position relative to the 0 m position, at three of the study sites 

(Figure 3.6).  These losses totalled 14 t/ha (14%), 46 t/ha (28%) and 30 t/ha (21%) at 

the 4 YSLD, 11 YSLD and 100 YSLDa sites, respectively.  In the case of the 100 

YSLDb site, no net loss of chloride was observed at 300 cm. 
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Q. 5: Do total soil chloride values decrease with increasing distance from brigalow 

stands of different years since last disturbance?  

Total soil chloride values (t/ha), measured to 180 cm, did not display an obvious trend 

with distance from the 4 YSLD and 100 YSLDb stands (both situated in Paddock 1) 

(Figure 3.7 a, d).  Moreover, t-tests failed to detect a significant difference (P < 0.05) in 

total soil chloride values between the 0 m and ‘open paddock’ positions.  In contrast, at 

the 11 YSLD and 100 YSLDa sites (both situated in Paddock 2), a clearer trend was 

detected.  Total soil chloride fell markedly between 0 m and 20m at both the 11 YSLD 

and 100 YSLDa sites, stabilising thereafter (Figure 3.7 b, c).  T-tests revealed significant 

differences (P < 0.05) between the 0 m and ‘open paddock’ positions.  Overall, total soil 

chloride values fell by 35 t/ha (41%) and 29 t/ha (36%) between 0 m and the ‘open 

paddock’, at the 11 YSLD and 100 YSLDa sites, respectively.  However, according to 

ANOVA results, there was no significant difference (P < 0.05) in total soil chloride 

between any of the positions beyond 0 m, at either the 11 YSLD or 100 YSLDa sites.   
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3.6 Discussion  
3.6.1 Changes in volumetric water with increasing distance from brigalow stands 

of different years since last disturbance 

The ‘open paddock’ volumetric water profiles at all sites were viewed as a reference 

point for assessing brigalow water use patterns.  That is, when the ‘open paddock’ 

profiles were plotted with the volumetric water profiles measured at 0 m and 20 m, it 

was possible to assess the degree to which a brigalow stand dried out the soil profile 

over the summer fallow, relative to a position in the paddock that had not been subject 

to brigalow root activity.   

 

At the 11 YSLD, 100 YSLDa and 100 YSLDb sites in 2004, a gradient in volumetric 

water was observed with distance from the brigalow stands, with volumetric water 

profiles being driest at 0 m, followed by 20 m and the ‘open paddock’.  In contrast, at 

the 4 YSLD site, the volumetric water profile at 0 m was driest, followed by the ‘open 

paddock’ and 20 m profiles.  There was, however, minimal difference between the latter 

two profiles.  Overall, it was inferred that brigalow roots at the remnant sites were more 

active than brigalow roots at the regrowth sites, based on relatively drier volumetric 

water profiles at 0 m. 

 

The 100 YSLDa site was the only site where significant differences were found between 

volumetric water profiles.  At this site, both the 0 m and 20 m profiles were 

significantly drier than the ‘open paddock’ profile.  More specifically, comparing 0 m 

with the ‘open paddock’, significant differences were found at all depths between        

0–270 cm, while significant differences between the 20 m and ‘open paddock’ profiles 

were found at the 60–90 cm depth and all depths between 120–270 cm.  Overall, these 

results suggest that at the time when the soil sampling was undertaken, at the end of the 

2003/2004 summer fallow, brigalow roots at the 100 YSLDa site appeared to be 

extracting soil water over a lateral distance of at least 20 m.   

 

Interestingly, the differences between the 20 m and ‘open paddock’ profiles at the     

100 YSLDa site implied that lateral tree roots were particularly active at depths between 

60–270 cm.  This is in contrast to observations made by Russel et al. (1967) and 

Tunstall and Connor (1981) for a remnant brigalow community, which suggested that 

tree root activity primarily occurred within the top 1 m of the soil profile.  Possibly, the 

distinct rooting pattern inferred here may be due to the brigalow trees on the edge of the 
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stand being able to explore a greater volume of soil in the adjacent cropping area, with 

comparatively less competition from other vegetation. 

 

At the 100 YSLDb site the 0 m profile was drier than both the 20 m and ‘open paddock’ 

profiles, with the latter two appearing to be very similar.  However, no significant 

differences were detected between any of the profiles, most likely due to limited 

replication.  These data nonetheless suggest that the 100 YSLDb brigalow roots were 

active over a lesser lateral distance than the 100 YSLDa brigalow roots.  Encouragingly, 

these 2004 volumetric water results support the agricultural production results reported 

earlier (section 2.6.3), where the tree-crop competition zones at the 100 YSLDa and   

100 YSLDb sites in 2004 were 40 m and 12 m, respectively. 

 

Overall, the volumetric water profiles measured at the Paddock 1 sites (4 YSLD and 

100 YSLDb) were drier than those measured at the Paddock 2 sites (11 YSLD and     

100 YSLDa).  This result agrees with the total soil water content results reported in 

section 2.6.3, and reflects inherent differences in soil physical and chemical properties 

between the paddocks, even though they were sited on a similar soil type.   

 

3.6.2 Depths of water extraction for annual cropping and brigalow stands of 

different years since last disturbance 

Across all sites, the brigalow lower limit (BLL) and crop lower limit (CLL) profiles did 

not actually ‘meet’ with the drained upper limit (DUL) profiles at any depth of 

measurement.  However, in most cases, the gaps between the profiles, at their limits, 

were relatively small.  Accordingly, depth of water extraction for wheat was measured 

as 180 cm at the 4 YSLD and 100 YSLDb sites and estimated to be between             

180–210 cm at the 11 YSLD and 100 YSLDa sites.  These depths of water extraction are 

greater than the 1.1 m rooting depth for wheat estimated by Thorburn et al. (1991) but 

are in line with the 180 cm rooting depth provided by Hochman et al. (2001). 

 

Depths of water extraction for regrowth and remnant brigalow were found to be similar, 

and also considerably greater than those measured for wheat.  At the 4 YSLD, 11 YSLD 

and 100 YSLDa sites, depth of water extraction for brigalow was estimated to be       

300 cm, while at the 100 YSLDb site, the data indicated that it was likely to be beyond 

300 cm.  These values are markedly greater than the 1.6 m rooting depth for remnant 

brigalow estimated by Thorburn et al. (1991), however, they agree with observations 
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made by Tunstall and Connor (1981).  As mentioned in the Introduction to this chapter, 

the Thorburn et al. (1991) estimations, for both brigalow and wheat, were based on data 

collected during a relatively wet period (M. Silburn pers. comm.).  Thus, it is unlikely 

that they represented the driest conditions, and hence, the greatest depth of water 

extraction possible, under these land-uses.  

 

On the basis of depths of water extraction reported here, rates of deep drainage under 

both regrowth and remnant brigalow are likely to be less than rates of drainage 

occurring under wheat.  This is because the native vegetation can extract water from 

deeper in the soil profile, thus creating a greater soil water deficit.  However, given that 

this dataset is relatively small, there is certainly a need for further investigations into 

depths of water extraction for brigalow.  Future studies should consider sampling to 

depths beyond 300 cm, particularly in the case of remnant brigalow, and they should 

also assess a greater range of regrowth brigalow stands. 

 

3.6.3 Plant available water capacities (PAWCs) for annual cropping and brigalow 

stands of different years since last disturbance 

PAWCs were variable across the sites, reflecting differences in soil physical and 

chemical properties (discussed below) and also differences in plant physiology; 

particularly depth, distribution and extent of root activity.  PAWCs measured for 

brigalow, to depths of 180 cm/300 cm, were 207 mm/237 mm, 102 mm/129 mm,      

183 mm/246 mm and 255 mm/303 mm at the 4 YSLD, 11 YSLD, 100 YSLDa and    

100 YSLDb sites, respectively.  These figures revealed that brigalow PAWC primarily 

occurred in the top half of the soil profile.  This result is understandable, given that soil 

pH levels underneath the brigalow stands were very low (pH ≤ 4.9) at depths of 90 cm 

and below (see Appendix 2).  Low pH levels are likely to limit the extent of plant water 

extraction at depth. 

 

PAWCs measured for the 4 YSLD, 100 YSLDa and 100 YSLDb brigalow sites were all 

greater than the 140 mm soil water deficit (which equates to PAWC) estimated for 

remnant brigalow by Thorburn et al. (1991).  Discrepancies between the PAWCs 

reported here and the soil water deficit reported by Thorburn et al. (1991) can be largely 

explained by the greater depths of brigalow water extraction measured in this study (as 

discussed above).  Differences in soil salinity levels or pH, which can potentially impact 

on depth and extent of water extraction, were not a consideration.  The sites in this 
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study were more saline and more acidic at depth than the sites in the Thorburn et al. 

(1991) study. 

 

The PAWCs calculated for wheat, to a depth of 180 cm, were 255 mm, 212 mm and 

168 mm, at the 4 YSLD, 11 YSLD/100 YSLDa and 100 YSLDb sites, respectively.  All 

of these values, except the value for the 4 YSLD site, fell within the range of wheat 

PAWCs (i.e. 150–240 mm) provided by Dalgliesh and Foale (1998) for Vertosol soils.  

An unexpected finding was that PAWCs calculated to 180 cm for wheat, exceeded 

PAWCs calculated to 180 cm for brigalow, at all sites except the 100 YSLDb site.  This 

was due to the crop drying out the soil profile to a greater extent than brigalow, between 

depths of 0–150 cm.    

 

Not surprisingly, the PAWCs calculated to 300 cm for remnant brigalow were 34 mm 

and 135 mm greater than the PAWCs calculated to 180 cm for wheat, at the 100 YSLDa 

and 100 YSLDb sites, respectively.  The larger PAWC at the 100 YSLDa site was 

principally due to the remnant brigalow extracting water to a greater depth than wheat; 

while at the 100 YSLDb site, the larger PAWC was due to both the remnant brigalow 

extracting water to a greater depth than wheat and the brigalow stand drying out the soil 

to a greater degree than wheat, from a depth of 60 cm onwards.  In contrast, the PAWCs 

measured to 300 cm at the 4 YSLD and 11 YSLD sites, were respectively 18 mm and 

83 mm less than corresponding PAWCs measured to 180 cm for wheat.  These latter 

results can be explained by the crop drying out the soil to a greater degree than regrowth 

brigalow, especially in the top half of the soil profile.   

 

Based on data from Paddock 2, where the soil type was relatively uniform, the PAWC 

for 100 YSLDa brigalow was 117 mm greater than the PAWC for 11 YSLD brigalow.  

This result reflects the lower BLL values measured for the remnant stand, at all depths 

of the soil profile.  In line with the volumetric water findings, it demonstrates that the 

root system of the remnant vegetation was more developed and active than the root 

system of the regrowth vegetation.  Indeed, tree roots at the remnant site were possibly 

exploring the soil profile with greater intensity and to a greater extent than at the 

regrowth site, due to higher tree density at the former (4214 stems/ha, 100 YSLDa site), 

compared with the latter (750 stems/ha, 11 YSLD site), as reported in section 2.6.2.   
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At those sites where PAWC is larger, deep drainage rates would generally be expected 

to be lower.  This is due to a combination of two factors: (1) the soil can store a greater 

amount of water during wet times until it is used by the plants, and (2) the plants have a 

greater ability to take up soil water when it is available (Yee Yet and Silburn 2003).  

However, although the PAWCs measured for the regrowth sites were less than the 

corresponding PAWCs measured for wheat, this does not necessarily mean that annual 

rates of deep drainage will be greater under regrowth brigalow.  Indeed, given that 

wheat is an annual crop whereas regrowth brigalow is perennial, the latter vegetation 

type will actively transpire for much longer (Walker et al. 1999) and over the course of 

a year, its total water use is likely to be greater than that of an annual crop.   

 

Another consideration is that the water use demands, and accordingly, the PAWC of 

regrowth, are likely to be increasing until it reaches maturity.  Hence, rates of deep 

drainage under regrowth brigalow will vary not only with episodic climatic conditions 

but also with its physiological development.  Simulation modelling would be useful in 

such a situation, to account for the complex interactions between growing vegetation, 

soils and climate (Keating et al. 2002, Paydar et al. 2005), and on this basis, to 

investigate changes in deep drainage under regrowth brigalow over time.  A modelling 

exercise would be particularly useful for evaluating the degree to which regrowth 

vegetation might assist with secondary salinity mitigation and/or prevention. 

  

It is important to highlight that the estimates of depths of water extraction and PAWCs 

for brigalow vegetation reported in this study, were based on measures of BLL obtained 

after four years of below average annual rainfall (see section 2.4).  Hence, these 

estimates are likely to reflect some of the driest conditions that can occur under the 

native vegetation and should provide a good indication of the maximum extent of 

brigalow root activity.  Given that to date, there have been few attempts to measure 

depths of water extraction and PAWCs for brigalow, particularly regrowth, the findings 

reported here will have important applications beyond this study, being especially 

useful for the parameterisation of simulation models used to estimate deep drainage.   

 

It is acknowledged however, that the BLL values, having being measured on the edge of 

the brigalow stands (i.e. at 0 m), reflect conditions on the boundary of the tree-crop 

interface.  As mentioned earlier, brigalow water use characteristics at this point in the 

landscape could possibly be different to brigalow water use characteristics in a stand’s 



 136

interior, due to the vegetation being able to access additional resources from the 

neighbouring cropping area, with a lesser degree of competition from other trees 

(Stirzaker et al. 2002b).  It is thus recommended that future studies sample both on the 

edges of and inside brigalow stands.  This will help to ensure that the various drainage 

dynamics in brigalow-cropping systems are adequately accounted for.  

 

3.6.4 Soil chloride levels under annual cropping and brigalow stands of different 

years since last disturbance 

The soil chloride data measured at 0 m, immediately adjacent to the brigalow 

vegetation, represented soil chloride status given the presence of trees and in some 

cases, a history of tree clearing (e.g. the regrowth sites).  In contrast, soil chloride data 

collected beyond the edge of the brigalow stands, out to the ‘open paddock’, represented 

soil chloride status given a history of tree clearing and a change in land-use to annual 

cropping.  These datasets, presented as soil chloride profiles (mg/kg), cumulative 

chloride profiles (t/ha) and total chloride to 180 cm (t/ha), were assessed for evidence of 

chloride leaching and hence, increased deep drainage following land-use change. 

 

In the case of the 11 YSLD and 100 YSLDa sites in Paddock 2, the soil chloride 

profiles, cumulative chloride profiles and total soil chloride values (to 180 cm), revealed 

that chloride leaching had occurred following the clearing of brigalow and a period of 

annual cropping.  At both sites, the ‘open paddock’ soil chloride profile generally 

displayed lower chloride values (mg/kg) than the 0 m profiles.  However, overall, a 

significant difference between profiles was only found at the 11 YSLD site.  In the case 

of the 100 YSLDa site, inherent variability in the data probably prevented the detection 

of a significant difference.   

 

The cumulative chloride profiles (to 150 cm) for the 11 YSLD and 100 YSLDa sites, 

showed that chloride losses of 31 t/ha (46%) and 26 t/ha (41%) respectively, had 

occurred in the ‘open paddock’, relative to the corresponding native vegetation.  

Unfortunately, it was not practicable to use these chloride loss figures to directly 

calculate an average annual drainage rate under annual cropping, as Paddock 2 had been 

subject to a variable management history, with different sections of the paddock being 

cleared at different times (see section 2.4).  However, given that magnitudes of chloride 

loss reported here were comparable to those reported by Tolmie et al. (2004), for the 
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same soil type and soil depth, it was reasoned that drainage estimates from the latter 

study could be used to inform this study.   

 

Using the transient chloride mass-balance method, Tolmie et al. (2004) calculated an 

average annual drainage rate of 9.7 mm/year (at a depth of 150 cm) for a site that had 

lost 23.9 t/ha (84%) of soil chloride, following 70 years of annual cropping.  At a 

second site, where 12.5 t/ha (33%) of soil chloride had been lost following 10 years of 

annual cropping, the researchers calculated an average annual drainage rate of          

16.8 mm/year (at a depth of 150 cm).  On the basis of these figures, it is not 

unreasonable to propose that the average annual rate of drainage occurring under annual 

cropping in Paddock 2 in this study, might be somewhere in the order of 10 to             

15 mm/year.  These values are considerably greater than ≤ 0.3 mm/year, the average 

annual rate of drainage estimated to be occurring at 150 cm under remnant brigalow on 

grey Vertosols (Tolmie et al. 2004). 

 

The soil chloride patterns observed in Paddock 1 (4 YSLD and 100 YSLDb sites) were 

markedly different to those observed in Paddock 2.  Significant differences were not 

detected between the 0 m and ‘open paddock’ chloride profiles at either of the 4 YSLD 

or 100 YSLDb sites.  Similarly, based on the cumulative chloride profiles (to 150 cm), 

only relatively minor chloride losses had occurred in the ‘open paddock’ relative to the 

0 m position; 9 t/ha (21%) and 3 t/ha (12%), at the 4 YSLD and 100 YSLDb sites, 

respectively.  These observations are understandable, given Paddock 1 was completely 

cleared of vegetation and converted to annual cropping just four years prior to sampling 

(see section 2.4).  Moreover, since the development of the paddock for agricultural 

production, there had been four years of below-average annual rainfall (see section 2.4).  

Hence, there may have been few opportunities for the soil profile to have filled up with 

water, this being necessary for deep drainage and chloride leaching to occur. 

 

Comparing soil chloride levels under regrowth and remnant brigalow within each 

paddock, it was found that they were similarly high at both the 11 YSLD and             

100 YSLDa sites in Paddock 2.  Peak values observed with the soil chloride profiles 

were approximately 4300 mg/kg and 3700 mg/kg for 11 YSLD and 100 YSLDa, 

respectively.  To a depth of 150 cm, cumulative chloride levels were correspondingly  

68 t/ha and 63 t/ha, for 11 YSLD and 100 YSLDa.  These chloride values are relatively 

large in comparison to values reported in other studies for similar soil types              
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(e.g. Thorburn et al. 1991, Tolmie et al. 2004, Poulton et al. 2005), thus these sites can 

be regarded as highly saline sites.   

 

In Paddock 1, soil chloride levels at the 4 YSLD site were higher than those recorded at 

the 100 YSLDb site.  Peak values observed with the soil chloride profiles were 

approximately 2400 mg/kg and 1900 mg/kg for 4 YSLD and 100 YSLDb, respectively.  

Cumulative chloride values, to a depth of 150 cm, were correspondingly 42 t/ha and    

26 t/ha, for 4 YSLD and 100 YSLDb.  These values are lower than the values measured 

for the Paddock 2 brigalow sites but are in line with values measured in other studies for 

similar soil types (e.g. Thorburn et al. 1991, Tolmie et al. 2004, Poulton et al. 2005).  

Hence, the Paddock 1 sites can be regarded as moderately saline.  

 

The inherent differences between the paddocks, with respect to soil chloride levels, help 

to explain why the PAWCs for the brigalow sites in Paddock 1 were greater than those 

measured for the brigalow sites in Paddock 2, despite Paddock 1 having lower DUL 

values.  More specifically, high soil chloride levels tend to inhibit plant root activity, 

which means that less water can be extracted from the soil profile and consequently, 

plant lower limits will be higher than what they might otherwise be.  In other words, in 

the case of Paddock 2, relatively high soil chloride levels possibly limited brigalow root 

activity, which led to comparatively high BLL values that offset the paddock’s 

relatively high DUL values, and meant that overall, PAWCs for the Paddock 2 sites 

were less than those measured for the Paddock 1 sites.  It is also likely that BLL values 

at the Paddock 2 sites were comparatively greater than corresponding CLL values, due 

to the higher soil chloride levels measured under the brigalow vegetation, in comparison 

to those measured under annual cropping. 

 

It was particularly interesting to note that at all four brigalow sites, the 0 m and ‘open 

paddock’ cumulative chloride profiles were approximately parallel beyond a depth of 

180 cm.  This can be seen as indicating that soil chloride changes in the ‘open paddock’, 

relative to underneath the brigalow stands, were primarily occurring in the top half of 

the soil profile, particularly at the 4 YSLD, 11 YSLD and 100 YSLDa sites.  In other 

words, underneath annual cropping, excess water was accumulating in the upper zone, 

leading to drainage and downward movement of salt.  Based on these cumulative 

profiles, wheat roots appeared to be having minimal impact below the 180 cm depth.  

Thus, 180 cm seems to be a reasonable estimate of depth of water extraction for wheat.   
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3.6.5 Changes in total soil chloride values with distance from brigalow stands of 

different years since last disturbance 

Total soil chloride values (t/ha), measured to a depth of 180cm, were examined at 

different distances from the brigalow stands, to investigate the extent of the 

hydrological zone of influence exerted by the trees in the adjacent cropping area.  In 

general, this particular zone of influence will reflect longer-term trends, rather than 

seasonal trends, given that chloride values at each distance result from drainage and 

leaching patterns over time.   

 

It was expected that total soil chloride values would be relatively high at 0 m, on the 

edges of the brigalow stands, gradually decreasing with distance from the trees; this 

decrease being due to a decline in the extent of lateral tree root activity, and hence, a 

progressive increase in deep drainage and chloride leaching.  Such a pattern was not 

observed at the Paddock 1 sites (4 YSLD, 100 YSLDb) but it was apparent at the 

Paddock 2 sites (11 YSLD, 100 YSLDa).   

 

As explained above, Paddock 1 had only been converted to cropping in recent times, 

and since the development of the paddock for agriculture, there had been four years of 

below-average annual rainfall.  Thus, substantial changes in drainage rates are unlikely 

to have occurred, and accordingly, hydrological zones of influence were yet to become 

evident at the 4 YSLD and 100 YSLDb sites.  It is anticipated, nonetheless, that over 

time, hydrological zones of influence will become apparent.  This is especially so, given 

that total soil water values measured at the start of the 2004 season (see section 2.6.3) 

were increasing with distance, from the 100 YSLDb stand in particular, indicating 

potential for different rates of deep drainage at different positions from the trees. 

 

In contrast to Paddock 1, Paddock 2 had been cropped for approximately a decade.  In 

this second paddock it was observed that total soil chloride values fell markedly 

between 0–20 m at both the 11 YSLD site and 100 YSLDa sites, stabilising thereafter.  

These chloride trends generally agreed with the trends observed for total soil water 

values in 2004.  These latter values increased with distance from the Paddock 2 stands, 

suggesting that deep drainage and hence, chloride leaching, potentially increased with 

distance too.   
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Despite the noticeable downward trend in soil chloride values with distance from the  

11 YSLD and 100 YSLDa sites, significant differences in total soil chloride were not 

detected between any of the positions beyond 0 m, probably due to inherent variability 

in the datasets.  This variability also precluded the fitting of curves to the data for the 

calculation of hydrological zones of influence.  Thus, these zones were simply 

determined on the basis of visual assessment of the data, with 20 m being 

conservatively estimated to be the lateral extent of the hydrological zones of influence 

at both the 11 YSLD and 100 YSLDa sites.   

 

Comparisons can be made between hydrological zones of influence and agronomic (i.e. 

tree-crop competition) zones of influence, to assess the degree of complementarity 

between native vegetation and agricultural production (Stirzaker et al. 2002b, Oliver et 

al. 2005).  For example, if the lateral distance over which deep drainage is reduced is 

greater than the lateral distance over which crop yield is reduced, then the tree-crop 

combination can be regarded as a lose-win, positive trade-off case.  If, however, the 

lateral distance over which deep drainage is reduced is less than the lateral distance over 

which crop yield is reduced, then the tree-crop combination can be regarded as a lose-

win, negative trade-off case (Oliver et al. 2005).   

 

At the 11 YSLD site in 2003, the tree-crop competition zone was effectively zero, while 

in 2004 it was 21 m (see section 2.6.3).  Given that the hydrological zone of influence 

was approximately 20 m, this suggests that in the former season, there was a lose-win, 

positive trade-off scenario while in the latter season, there was a lose-win, negative 

trade-off scenario.  In the case of the 100 YSLDa site, tree-crop competition zones were 

38 m in 2003 and 40 m in 2004 (see section 2.6.3); while the hydrological zone of 

influence was approximately 20 m.  Hence, at the remnant site, lose-win, negative trade-

off scenarios occurred in both years. 

 

As explained in chapter 2, it is important to remember that agronomic zones of 

influence are likely to change from one year to the next, depending on seasonal 

conditions.  In the case of regrowth vegetation, agronomic zones of influence will also 

vary with the stage of tree development and the ensuing extent of lateral root activity.  

Similarly, hydrological zones of influence at regrowth brigalow sites will change with 

the extent of lateral rooting too; and in the case of sites recently converted to 

agricultural production, hydrological zones are likely to become more apparent after 
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several years of cropping.  Based on these considerations, it is advisable, when 

assessing the degree of complementarity between trees and cropping, to look at 

competition and drainage outcomes over a number of years (Stirzaker et al. 2002b).  

While this may be difficult to do via field-based studies, it can potentially be done using 

simulation modelling (e.g. Keating et al. 2002, Paydar et al. 2005).  Simulation 

modelling of tree-crop interactions over a number of years can account for seasonal 

variability in tree-crop competition as well as cumulative deep drainage effects.  

Accordingly, this approach can allow for the calculation of long-term average zones of 

hydrological/agronomic influence, and thus provide the means for an overall assessment 

of complementarity or competition in brigalow-cropping systems. 

 

3.6.6 Deep drainage considerations 

It is important to note that although this study has provided evidence for increased deep 

drainage and chloride leaching from the rooting zone of annual crops, particularly in the 

case of Paddock 2, this finding does not, by itself, clearly indicate salinity risk.  Indeed, 

the chloride leaching might be perceived as being beneficial from an agricultural 

production perspective, particularly if downward chloride movement increases the 

potential rooting depth for crops such as wheat.  On the other hand, excessive deep 

drainage under cropping represents inefficient use of water, which is a limiting resource 

in semi-arid agricultural areas such as the Tara Shire.  Moreover, the fate of the 

downward moving salt is of concern, even if it is difficult to gauge, at this stage of 

salinity risk research in southern Queensland, where the salt will ultimately end up in 

the landscape (Tolmie and Silburn 2004). 

 

Tolmie et al. (2004) have explained that ideally, the ‘new’ drainage rates under annual 

cropping and the equilibrium drainage rates under brigalow vegetation should be 

quantified, to determine how much the former is in excess of the latter.  After 

calculating rates of drainage, an effort then needs to be made to determine the time lag 

involved in drainage arriving at the groundwater surface, as well as an acceptable 

recharge rate for the groundwater.  With knowledge of these additional factors, the 

likely impacts of excess drainage on the groundwater system, and the likelihood of the 

salt moving further throughout the landscape, can be better understood.  In the interim, 

the deep drainage evidence from this study presents a case for reassessing current 

agricultural practices in order to improve water-use efficiency, and in turn, the 

productivity and hydrological functioning of brigalow-cropping systems. 
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3.6.7 Experimental design and sampling issues 

The experimental design and sampling issues discussed in section 2.7.4, especially in 

relation to gilgai microtopography, also apply to this study.  The error bars associated 

with many of the volumetric water and soil chloride profiles illustrated the inherent 

variability that is characteristic of deep gilgaied clay soils.  Even with a well-replicated 

experimental design, it can still be difficult to detect significant differences in 

volumetric water or soil chloride, measured at different distances from a stand of trees 

on this soil type.  Arguably, the most appropriate method for detecting overall trends 

will involve sampling across a large number of sites, rather than conducting intensive 

sampling at a small number of sites.  It was certainly encouraging to see that at a general 

level, the results from this study agreed with results from other studies done on the same 

soil type, particularly with respect to soil chloride movement following land-use 

change. 

 

3.7 Conclusions 
This study investigated both determinants of deep drainage and evidence of increased 

deep drainage in brigalow-cropping systems.  The specific determinants considered 

were depth of plant water extraction, extent of plant water extraction and PAWC.  

Depths of water extraction for regrowth and remnant brigalow were approximately       

≥ 300 cm, while depths of water extraction for wheat were comparatively less, being 

approximately 180–210 cm.  In terms of extent of plant water extraction, remnant 

brigalow dried out the soil profile to a greater degree than regrowth brigalow.   

 

PAWCs determined for the remnant brigalow sites were greater than PAWCs 

determined for adjacent wheat sites.  In contrast, PAWCs for the regrowth brigalow 

sites were less than those calculated for adjacent wheat sites.  However, it was reasoned 

that the perennial nature of regrowth brigalow probably helps to counter its relatively 

lower PAWC.  Based on plant water extraction patterns, PAWCs, and the temporal 

distribution of active green leaf material for the different vegetation types, it was 

concluded that highest rates of deep drainage are likely to occur under annual cropping, 

followed by regrowth brigalow and remnant brigalow.   

 

Evidence for relative differences in deep drainage rates was found in the soil chloride 

data.  The Paddock 2 sites (11 YSLD and 100 YSLDa), in particular, showed that 

chloride leaching had occurred following the clearing of brigalow vegetation and a 
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period of annual cropping.  On this basis it was inferred that rates of deep drainage 

under cropping were greater than those occurring under adjacent regrowth and remnant 

brigalow.   

 

Total soil chloride values, supported by soil water measurements, suggested that 

hydrological zones of influence adjacent to the 11 YSLD and 100 YSLDa sites were 

approximately 20 m.  Hydrological zones of influence can be compared with agronomic 

(i.e. tree-crop competition) zones of influence, to assess the degree of complementarity 

or competition between native vegetation and cropping.  It was concluded however, that 

because tree-crop interactions can vary from one season to the next, and also with the 

growth and development of regrowth vegetation, simulation modelling of brigalow-

cropping systems will be necessary for the calculation of long-term average rates of 

deep drainage and yield reduction, and accordingly, long-term average zones of 

hydrological/agronomic influence. 
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Chapter 4. Integration of brigalow vegetation with       
dryland cropping: an ecological perspective 

 

When I started [work] conservation was the last thing [on my mind].  It was just a 

menace, brigalow, because it occupied six million hectares and was virtually 

unproductive.  It was sitting on some of the best country in Australia…The initial 

thought [was] ‘How can we use this to feed Australia and get better 

production?’…And having released that potential, nobody was worried about 

conservation, there was so much of it around and it had been there for all that 

time…So conservation wasn’t an issue then and it’s only become an issue in the last 

twenty years…When you get a resource at the beginning you think it’s endless and 

then you realise halfway through that it isn’t endless and that you’d better do 

something about conserving the resource. 
             B. Johnson, pers. comm. 13 November 2002 

  

4.1 Introduction 
Expansive clearing of native vegetation has seen ecological values in the landscapes of 

the Brigalow Belt decline considerably over the last century (Webb 1984b, Johnson 

1997).  This decline can be viewed not only in terms of loss of the native vegetation 

itself (Sattler and Webster 1984), but also in terms of associated loss of habitat for fauna 

(Cogger et al. 2003); extinction of, or threatened extinction of, various bird, mammalian 

and reptilian species (Gordon 1984, Evans and Jarman 1999, Woinarski and Catterall 

2004); and distortion or impairment of key ecological processes e.g. hydrological flows, 

nutrient cycling, soil erosion control (Gasteen 1985, Johnson 1997).  In line with this 

decline in ecological values, the landscapes of the Brigalow Belt are now best described 

as fragmented (McIntyre et al. 1996).  This means that they are dominated by 

agricultural production, with patchy brigalow vegetation cover that occupies just a small 

proportion of the landscape (McIntyre and Hobbs 2000).   

 

Indeed, brigalow vegetation coverage in Queensland is now in the order of 660 000 ha, 

which is less than 10% of its original extent of approximately 7 million ha.  As a result, 

brigalow ecological communities (Acacia harpophylla dominant and co-dominant) have 

been listed as endangered under the Commonwealth Environment Protection and 

Biodiversity Conservation Act 1999 (EPBC Act) and the Queensland Vegetation 

Management Act 1999. 
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In response to the listing of brigalow communities under both State and Commonwealth 

legislation, as well as concerns about the decline in ecological values in the Brigalow 

Belt, various policy and planning activities are being undertaken for the protection of 

brigalow vegetation.  Consideration is being given to ways of increasing the level of 

brigalow vegetation coverage in the landscape, and in particular, feasible options for 

retaining remnant (i.e. mature or virgin) brigalow stands, or allowing a place for 

brigalow regrowth (i.e. stands that are regrowing following disturbance), alongside 

areas of agricultural production.  In seeking to do this effectively, however, in a way 

that actually improves ecological values in the landscape, it is important to have a sound 

understanding of the ecology of both remnant and regrowth brigalow.  Key aspects of 

brigalow vegetation ecology that need to be considered include brigalow community 

floristics; brigalow community structure; brigalow community development following 

disturbance; and relationships between brigalow floristics/structure and different faunal 

groups.   

 

4.1.1 Brigalow community floristics and structure 

The floristic composition of various brigalow communities is relatively well 

documented.  In the southern region of the Queensland Brigalow Belt, the focus region 

of this study, brigalow (A. harpophylla) is commonly found with belah (Casuarina 

cristata, Miq. Casuarinaceae), however sometimes stands consist of almost pure 

brigalow (Johnson 1984).  Common understorey species in brigalow communities 

include wilga (Geijera parviflora, Lindl. Rutaceae), sandalwood (Eremophila mitchellii, 

Benth. Myoporaceae), boonaree (Heterodendrum diversifolium, F. Muell. Sapindaceae), 

lime bush (Eremocitrus glauca, [Lindl] Swingle. Rutaceae), broom brush (Apophyllum 

anomalum, F. Muell. Capparaceae), peach bush (Ehretia membranifolia, R. Br. 

Ehretiaceae), Ellangowan poison bush (Myoporum deserti, A. Cunn. ex Benth. 

Lentibulariaceae), berry saltbush (Rhagodia spinescens, R. Br. Chenopodiaceae), 

western tea-tree (Melaleuca pubescens, Schauer. Myrtaceae) and black tea-tree (M. 

bracteata, F. Muell. Myrtaceae) (Johnson 1964, Johnson 1984, Sattler and Webster 

1984)1. 

 

In mature brigalow stands the grass/herbaceous layer is sparse and ephemeral, due to the 

trees out-competing the ground vegetation for light, moisture and nutrients (Johnson 

1964, 1997).  Where present, the ground layer is characterised by genera such as 

                                                 
1 Plant authorities and families sourced from Stanley and Ross (1989) 
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Atriplex, Bassia, Chloris, Leptochloa, Paspalidium and Sporobolus, which tend to be 

more prominent in years when rainfall equals or exceeds the mean (Isbell 1962, 

Coaldrake 1970).  In general, brigalow communities contain few, if any, rare plant 

species.   

 

With respect to brigalow community structure, Isbell (1962) observed four distinct 

forms: (1) layered forests, (2) low layered forests, (3) low layered woodlands and (4) 

savannah woodlands.  A more descriptive account of brigalow structure has been 

provided by Johnson (1964), who identified three potential developmental stages, or 

growth forms, as summarised in Table 4.1. 

 

 

Table 4.1: Three main growth forms of brigalow (Johnson 1964) 

Brigalow form Characteristics 

Sucker brigalow • Brigalow regrowth following disturbance 
• Produced from adventitious buds on lateral roots, following damage 

to the roots or to other above ground parts of the plant 
• Usually < 3.5 m in height but can grow to approximately 5 m 
• Low branching habit 
• Tends to grow in scattered or dense clumps 

 
Whipstick brigalow • Brigalow regrowth with a straight, slender trunk, branched only in the 

upper half 
• Usually between 3.5–9 m in height 
• Patches of whipstick brigalow can contain between 5000 to 22 000 

stems/ha 
• Often formed from dense patches of sucker brigalow after 

approximately 30 years 
• Whipstick form can be retained for over 50 years 

 
Tall or virgin brigalow • Tall mature trees with a straight, erect trunk, branched near the top 

• Trunk may be branched lower to the ground if the trees have been 
growing in the open 

• Usually 12–18 m in height 
• It is unknown how long it might take sucker or whipstick brigalow to 

develop the form of tall brigalow 
 

 

West et al. (1999) and House and Cook (2000) surveyed both regrowth and remnant 

brigalow stands in the southern Brigalow Belt, identifying differences in floristics, 

structure and ecological health of the stands.  West et al. (1999) found that narrow 

stands tended to have short, dense tree and shrub layers, with an understorey dominated 

by edge species (≥ 50% of all species).  In contrast, wider stands displayed more open 

tree and shrub layers, as well as greater spatial variation in species and structure; the 

latter measured in terms of vegetation height, diameter at breast height and density.  In 
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some cases, species richness decreased with distance from the edge of the stands.  

House and Cook (2000) similarly found brigalow remnant stands to show diverse 

structures, although unlike West et al. (1999), they did not observe stand edges to be 

more floristically diverse than stand interiors.  In this latter study it was thought that 

because the stands were relatively wide and adjacent to low intensity agricultural 

practices, there may have been fewer opportunities for weed establishment, and 

accordingly, a lesser edge effect. 

 

4.1.2 Brigalow community development following disturbance 

Johnson (1964) is the main authority on brigalow community response to different types 

of disturbance practices (defined in Table 4.2).  He describes the distinctive capacity of 

brigalow vegetation to sprout or sucker freely from an extensive system of shallow, 

lateral roots.  These roots store large quantities of starch as reserve food material, with 

the reserves being used to develop adventitious suckering buds.  Generally, suckering is 

initiated when there is damage to aerial parts of the vegetation or to the lateral roots, for 

example, from mechanical pulling, ploughing, aerial spraying, ring barking, livestock 

trampling or low intensity fires (Johnson 1964, Johnson 1981, Nix 1994).  This efficient 

means of vegetative reproduction is much more highly developed in brigalow 

vegetation than other Australian acacia species.  In some cases, suckers are joined by 

horizontal roots, forming ‘colonies’ in which it can be difficult to distinguish individual 

plants.  Sexual reproduction, in contrast to vegetative reproduction, is rare and 

unreliable.  This is due to the sporadic flowering and production of soft seeds by 

brigalow trees, with the seeds tending to lose their viability quite rapidly (Johnson 1964, 

1997). 

 

Brigalow communities are particularly susceptible to fire, with hot fires being able to 

burn mature green brigalow scrub (Johnson 1964, Butler and Fairfax 2003).  Light fires 

can also have a significant, detrimental impact on regrowth brigalow.  Johnson (1964) 

has noted that under most circumstances, the practice of burning tends to induce 

suckering from lateral brigalow roots.  Hence, if no further management is applied to a 

burnt brigalow community, it is likely to revert to brigalow scrub.  If, however, the area 

is sown to improved pasture, grain or fodder crops, this helps to reduce the density of 

sucker regrowth populations.  After an area has been cultivated for a number of 

consecutive years brigalow suckering is likely to be negligible.  On the other hand, if 
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pasture or cropping production is temporary, brigalow suckers can return to an area left 

undisturbed, even after 10 years of cultivation (Johnson 1964).    

 

 

Table 4.2: Disturbance practices commonly used for the removal or control of brigalow 
vegetation (Johnson 1964) 

Disturbance practice Description 

Blade ploughing A plough is mounted onto the front or rear of a tractor or bulldozer and 
used to push the tree stems over so they are cut off at or below ground 
level 
 

Pulling A heavy chain and/or cable is drawn by two bulldozers through a stand of 
trees, removing the trees from the ground and pulling them over 
 

Burning  This practice usually follows other disturbance practices (e.g. pulling, stick 
raking).  Often a number of months are allowed to pass before the initial 
disturbance is followed by a burn, in order to allow for a build up of grass 
fuel 
 

Ring barking Both shallow and deep ring barking are employed.  Generally, a single 
series of overlapping axe cuts is made through the bark into the surface of 
the sapwood 
 

Spraying Mixed esters of 2,4-D and 2,4,5-T have been used for chemical control of 
brigalow suckers.  These chemicals have been applied via ground spraying 
or aerial spraying 
 

Stick raking A stick rake, with cutter bars to cut tree stems below ground level, is 
attached to the bottom of bulldozer tines.  After stick raking, trees are often 
pushed into windrows for burning 

 

 

In terms of brigalow regrowth development, the average growth rate of brigalow 

suckers has been measured at approximately 30 cm (height) each year over the first     

5–10 years, with growth being particularly rapid in the early stages (Johnson 1964).  

Brigalow suckers, with their extensive lateral root systems, can compete strongly with 

surrounding grass species.  As the suckers increase in age (or years since last 

disturbance) and size, they are often surrounded by bare ground.  The growth rate of 

brigalow regrowth tends to slow down after 10–15 years, being extremely slow from 20 

years onwards.  Field observations by Johnson (1964) suggest that key factors 

influencing brigalow growth rates include seasonal conditions, competition with other 

plants, and sheep or cattle grazing intensity.  The latter factor, however, only impedes 

growth when suckers are suitable grazing fodder i.e. young, soft and palatable.   
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Johnson (1981) has considered the issue of secondary succession in brigalow 

communities from a quantitative perspective.  Following the pulling and burning of a 

stand of virgin brigalow forest, he documented changes in species presence, species 

frequency, density and canopy cover, over a period of approximately eleven years.  

Johnson found that brigalow suckers assumed dominance at a very early stage and their 

relative importance increased with time, as indicated by canopy cover measurements 

which rose from 26% to 37% over eleven years.  He concluded that canopy cover was 

especially informative for tracing brigalow community development and successional 

changes over time were strongly preconditioned by the initial floristic composition of 

the community.  This latter point has been previously recognised by Egler (1954), who 

emphasised the dominant influence of initial floristic composition on the development 

of vegetation composition in abandoned agricultural fields.    

 

A follow-up account of this single-site secondary succession study was provided by 

Johnson (1997), after a total monitoring period of 30 years.  He reported that brigalow 

sucker density had fallen from an initial density of 28 000 suckers/ha to less than 15 000 

suckers/ha.  Johnson (1997) noted a significant loss of sucker stems in the period 

between 27 and 32 years after clearing, due to an increase in intraspecific competition, 

combined with drought conditions.  He also observed that the total number of species 

for canopy trees, shrubs and herbs had not been diminished by clearing and had 

recovered to pre-clearing levels.  However, apart from brigalow itself, most other 

species were present at low densities due to extreme competition from brigalow suckers.  

While Johnson (1997) did not describe a model for the relationship between species 

richness and time since clearing, it is possible that brigalow community richness will 

show a logarithmic relationship with time, as is often the case with species colonisation 

post-disturbance (Miles 1982).   

 

Patterns identified in the above studies of secondary succession can be examined in 

relation to succession theory to assess whether brigalow communities follow similar 

trends to those observed in other ecosystems.  According to Peet (1992) there are four 

key phases of forest development:  

 

(1) An establishment phase, often characterised by low biomass, production, diversity 

and competition, and leaky nutrient cycles; 
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(2) A thinning phase, where existing trees increase in size, competition is intense and 

hence, many trees die with little regeneration occurring.  Biomass increases steadily 

and nutrient cycles are tight, with available nutrients being sequestered in the 

accumulating biomass.  Diversity is often low, due to spatial homogeneity and 

competition from the canopy trees; 

(3) A transition phase, in which tree regeneration resumes or increases, biomass 

accumulation drops and accordingly, nutrient loss increases.  Greater resource 

availability and spatial heterogeneity mean that diversity increases; and  

(4) A steady-state phase, where biomass production is relatively constant and nutrient 

influx and nutrient loss from the system is in balance. 

   

In Johnson’s (1997) study it was apparent that the brigalow communities had moved 

beyond the establishment phase and were progressing through the thinning and 

transition phases.  However, this single-site study was not conducted over a time span 

long enough to suggest when brigalow communities might start moving from a 

transition phase to a steady-state phase. 

 

With respect to actual mechanisms of succession, Connell and Slatyer (1977) have 

presented three models describing processes influencing change in species composition: 

(1) the facilitation model, (2) the tolerance model and (3) the inhibition model.  These 

models describe the net effect of early-establishing species on later ones (Connell et al. 

1987).  Given they are based on species interactions, they can be seen to reflect the 

population-based view of succession that emphasises the importance of the life-history 

attributes of component species.  This view is distinct from the ecosystem view of 

succession, which considers changes taking place at the community level as being more 

significant (McIntosh 1981).   

 

It has been suggested that the models of Connell and Slatyer (1977) are not mutually 

exclusive and their processes may, in fact, occur to varying degrees in all successions 

(Connell et al. 1987, Glenn-Lewin and van der Maarel, 1992).  However, based on 

accounts from Johnson (1981, 1997), the inhibition model appears to be the main 

determinant of floristic changes in brigalow communities undergoing secondary 

succession.   
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The inhibition model works on the basis of dominant colonists securing space and/or 

resources in a disturbed system.  The dominant colonists subsequently inhibit the 

invasion of later colonists and suppress the growth and/or reduce the survival of those 

already present.  It is only when the dominant colonists die or suffer damage, thus 

releasing space and resources, that other colonists can become established in the system.  

Horn (1981) has suggested that the inhibition model is likely to occur following a 

chronic, large scale disturbance, where subsequent regeneration is proportional to local 

abundance.  When dominant species are able to propagate vegetatively, (as is the case 

with brigalow), then it is likely that regeneration will reflect local abundance and that 

species will persist for a long time.  In some cases, a single age-class might emerge and 

establish dominance for a lengthy period (Connell and Slatyer 1977).     

 
4.1.3 Relationships between brigalow community floristics/structure and fauna 

Relationships between brigalow community floristics/structure and different faunal 

groups have been considered by a number of researchers.  With respect to bird-life, 

Chan and Augusteyn (2003) found that in the central region of the Queensland Brigalow 

Belt, ground dwelling Fairy Wrens (Malurus spp.) were particularly common in 

regrowth areas that had been recently disturbed.  It was thought that in such areas, 

brigalow shrubs provided good cover from predators and inclement weather.  Another 

study in the central Queensland Brigalow Belt by Miles and Madden (2002) 

investigated the location of Spotted Bowerbird (Chlamydera maculate) bowers and 

found them to be preferentially situated in brigalow regrowth and woodland, rather than 

Eucalypt woodland.  Within the brigalow communities, spiny, fruit-bearing bushes with 

a dense canopy (e.g. Carissa ovata) were the preferred location for bowers.  Oliver et 

al. (2003) studied the use of habitat and resources by the threatened Painted Honeyeater 

(Grantiella picta) in woodland dominated by brigalow trees in northern New South 

Wales.  The Painted Honeyeater was found to have a distinct preference for woodland 

sites with significantly more mature trees, greater tree canopy cover and more 

mistletoes per tree and per unit area, than sites not selected. 

 

Mammal studies in brigalow landscapes have focused on the endangered Bridled 

Nailtail Wallaby (Onychogalea fraenata) and Black-striped Wallaby (Macropus 

dorsalis) (Evans 1996, Hoolihan and Goldizen 1998, Evans and Jarman 1999, Pople et 

al. 2001).  Brigalow regrowth with low, dense shrubs has been found to provide day-

time shelter for Nailtail Wallabies and Black-striped Wallabies, with small clearings 
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within the scrub being important nocturnal feeding areas (Hoolihan and Goldizen 1998, 

Evans and Jarman 1999, Pople et al. 2001).  Evans (1996) observed that Black-striped 

Wallabies preferred older regrowth approximately 4–6 m in height, with a low, closed 

canopy but good visibility in the 0–1 m height range.  In contrast, Bridled Nailtail 

Wallabies preferred younger regrowth approximately 2–4 m in height, occurring as 

small, dense bushes that obscured visibility below 1 m.   

 

Invertebrate ground fauna have been investigated by House and Hardaker (2002) and 

House et al. (2006).  House and Hardaker (2002) conducted a survey of ground active 

ants at two sites with fragmented brigalow vegetation in Queensland’s southern 

Brigalow Belt.  They found that the size, status and configuration of brigalow stands all 

contributed to ant assemblage composition.  For example, at one site, a stand of 

regrowth vegetation was found to have significantly fewer species and lower diversity 

than a stand of remnant vegetation.  The regrowth stand also had very few species on its 

southern edge compared to its interior or northern edge, possibly due to variations in 

canopy structure.  At a second site, species richness was higher in a large remnant patch, 

in comparison to narrow and wide linear shadelines.  In a related study, House et al. 

(2006) studied ant fauna in two brigalow stands in each of four brigalow age classes: 4 

years since last disturbance, 15 years since last disturbance, 20 years since last 

disturbance and remnant.  They found the remnant sites had higher species richness and 

diversity, in comparison to the regrowth sites, with only minor differences observed 

between the older and younger regrowth sites.  House et al. (2006) noted that while ants 

may not be dependent on the availability of early successional brigalow communities, 

there could well be other invertebrate groups that are. 

 

Anecdotal reports (R. Johnson pers. comm.) also support the scientific literature 

addressing relationships between brigalow communities and fauna.  Table 4.3 lists 

various species that have been seen to be associated with particular structural and 

floristic features of regrowth and remnant brigalow. 
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Table 4.3: Fauna associated with particular structural and floristic features of regrowth 
and remnant brigalow (R. Johnson pers. comm.) 

Brigalow community features Associated fauna 
Short shrubby brigalow regrowth & 
dense limebush  

• Small shrub- and ground-foraging bird species e.g. Fairy Wrens, 
Yellow-rumped Thornbill (Acanthiza chrysorrhoa), Southern 
Whiteface (Aphelocephala leucopsis leucopsis), Zebra Finch 
(Taeniopygia guttata castanotis), Double-barred Finch 
(Taeniopygia bichenovii), Crested Bellbird (Oreoica gutturalis 
gutturalis), Grey-crowned Babbler (Pomatostomus temporalis) 

• Red-necked Wallaby, Black-striped Wallaby (day shelter) 
• Feral pig (Sus scrofa) 
 

Taller brigalow regrowth • Canopy foraging bird species e.g. Yellow Thornbill (Acanthiza 
nana), Grey-crowned Babbler  

 
Relatively greater spacing between 
regrowth stems (providing open areas 
for foraging) 
 

• Perch and pounce insectivore bird species e.g. Eastern Yellow 
Robin (Eopsaltria australis), and Red-capped Robin (Petroica 
goodenovii) 

Mistletoe in brigalow regrowth > 2 m 
in height 

• Frugivore bird species e.g. Painted Honeyeater, Spiny-cheeked 
Honeyeater (Acanthagenys rufogularis) and Mistletoebird 
(Diacaeum hirundinaceum) 

 
Fallen timber and substantial 
groundcover 

• Reptiles (e.g. Brigalow Scalyfoot, Paradelma orientalis) 
 
 

Dead standing timber with loose bark 
and some hollows 

• Arboreal reptiles (e.g. Golden-tailed Gecko, Diplodactylus 
taenicauda) 

• Arboreal frogs e.g. Litoria peronii, L. caerulea and L. rubella 
 

Gilgais • Terrestrial (burrowing) frog species e.g. Cyclorana, 
Limnodynastes, Uperoleia, Crinia, Notaden, Neobatrachus 

 

 

4.1.4 What do we really know about the ecological values of brigalow 

communities? 

The legislative and policy framework dealing with brigalow communities suggests that 

there is limited application of what we do know, and also some critical gaps in our 

knowledge about, this vegetation type.  For example, under the Vegetation Management 

Act 1999, Queensland’s legislation for freehold land, a clear distinction is made between 

remnant and regrowth vegetation.  Remnant vegetation (at least 50% of the cover, at 

least 70% of the height, and typical predominant species, of undisturbed vegetation) is 

afforded protection from land clearing but regrowth is not protected, unless it is found 

in areas declared to be of high nature conservation value or vulnerable to land 

degradation.  Essentially this implies that regrowth brigalow vegetation is generally 

regarded as being of lesser ecological value than remnant vegetation, despite the 

apparent preference of certain fauna species for regrowth habitat (Evans 1996, Hoolihan 
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and Goldizen 1998, Evans and Jarman 1999, Pople et al. 2001, Miles and Madden 2002, 

Chan and Augusteyn 2003). 

 

In contrast to the Vegetation Management Act 1999, the Commonwealth Environment 

Protection and Biodiversity Conservation Act 1999 (EPBC Act) did not, initially, make 

a distinction between regrowth and remnant vegetation.  This subsequently led to 

confusion about practical application of the two pieces of legislation, particularly with 

respect to the management of regrowth brigalow communities in Queensland.  In an 

attempt to clarify the situation and avoid legislative inconsistencies, Environment 

Australia issued special guidelines for Queensland landholders in December 2001 

(Environment Australia 2001).  These guidelines stipulated that: 

 

…a proposal to clear regrowth should be referred for approval under the EPBC 

Act where: clearing of the regrowth brigalow requires a permit under 

Queensland legislation (for example, because it is in a declared area of high 

conservation); or the regrowth brigalow is more than 15 years old. 

 

Effectively, Environment Australia (2001) has deemed that regrowth less than 15 years 

old is unlikely to have regained the structure and species composition typical of remnant 

brigalow, and thus, does not qualify as the listed endangered brigalow ecological 

community.  However, in reality, this ‘benchmark’ for ecological value is completely 

arbitrary with it yet to be clearly demonstrated at what age(s) (or years since last 

disturbance) brigalow regrowth reverts to remnant status, or indeed if regrowth sites 

eventually achieve the structure, composition and condition of relatively undisturbed 

sites.  At best, there are only speculations from Johnson (1964, 1997), who believes that 

regrowth stands will eventually return to similar structure and floristics as virgin 

brigalow communities but he suggests that this transition may take more than 50 years. 

 

Another shortcoming in the development of legislation and policy for brigalow 

communities is that only a few small-scale studies have examined faunal and floristic 

diversity in both remnant and regrowth stands (e.g. Johnson 1997, West et al. 1999, 

House and Cook 2000, House and Hardaker 2002, House et al. 2006), and thus, our 

understanding of their respective ecological values is limited.  Nonetheless, despite the 

lack of quantitative information, it is reasonable to suggest that regrowth communities 

are likely to have considerable ecological value.  Studies cited above (Evans 1996, 
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Hoolihan and Goldizen 1998, Evans and Jarman 1999, Pople et al. 2001, Miles and 

Madden 2002, Chan and Augusteyn 2003), showed that regrowth communities in the 

early stages of succession can provide habitat conditions, and hence, ecological values, 

that are unavailable in remnant stands (Doherty 1998, Eldridge et al. 2003).  In line with 

these studies, Richards et al. (1999) emphasise the importance of maintaining a mosaic 

of successional states in the landscape, in order to ensure that the preferences of 

different species are adequately met.  Furthermore, Johnson (1997) argues that the 

conservation of large patches of sucker regrowth is likely to be critical for addressing 

the inadequate conservation of brigalow communities in national parks and for re-

establishing a network of brigalow communities in the heavily cleared Brigalow Belt.   

 

Key factors that are likely to have a bearing on the ecological value of regrowth 

brigalow stands include: (1) their disturbance history, and (2) the landscape context in 

which they are located (Doherty 1998, Eldridge et al. 2003).  Yet apart from a limited 

number of small-scale studies, (e.g. West et al. 1999, House and Cook 2000, House and 

Hardaker 2002 and House et al. 2006), few attempts have been made to investigate the 

degree to which these factors influence brigalow community ecological value.   

 

An important aspect of the first factor, disturbance history, is time (years) since last 

disturbance.  This is likely to provide an indication of what stage a regrowth stand is at 

with respect to its successional development, and in turn, what ecological value it holds.  

Other aspects of disturbance history that are likely to influence the ecological value of 

regrowth brigalow include the type and number of disturbance events that a stand has 

been subjected to.  It may be difficult to rigorously investigate the relative impacts of 

different types of disturbance events, given that most areas of regrowth vegetation are 

historically unique (Doherty 1998); but number of disturbance events, on the other 

hand, is relatively easy to account for.  Franklin et al. (2002) emphasise the importance 

of understanding how different disturbance frequencies create different structural or 

biological legacies that become key elements of the post-disturbance stands.  These 

researchers explain that forests subject to frequent, light to moderate disturbance events 

tend to develop a heterogeneous mosaic of structural units, which could lead to the 

establishment of different sets of species, in comparison to forests that are subject to one 

major disturbance event only.  It has also been recognised that if disturbance events 

occur regularly, they can interrupt or redirect the course of vegetation succession 
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(Glenn-Lewin and van der Maarel 1992) and in some cases, prevent the attainment of a 

compositional equilibrium (Veblen 1992). 
 

In terms of the second factor, namely landscape context, proximity to other stands of 

vegetation and the total amount of native vegetation that remains in the area of concern 

will be particularly important considerations.  These issues have been discussed 

elsewhere and will not be addressed here (e.g. Doherty 1998, Boulter et al. 2000, 

Eldridge et al. 2003, Vesk and Mac Nally 2006).  However, closely related to these 

considerations will be the spatial characteristics of a brigalow stand itself.  Presently, 

there are a large number of stands throughout the southern Brigalow Belt that are 

narrow, linear patches of remnant or regrowth vegetation (West et al. 1999).  As a 

consequence of their shape, these stands have relatively large perimeter-area ratios.  

Such patches of vegetation are often situated along roadsides or around paddock 

perimeters, and are effectively all ‘edge’ habitat – strongly influenced by surrounding 

land-uses (Deckers et al. 2004) and subject to different physical conditions than those 

faced by patches that have both ‘edge’ and ‘interior’ habitat (Beer and Fox 1997).  As a 

result, these narrow, linear patches could possibly display different structural 

characteristics and host a different number or a different suite of species, in comparison 

to patches with smaller perimeter-area ratios.  As mentioned earlier, such differences 

have been observed by West et al. (1999) who questioned the habitat value of narrow 

linear patches, given they tend to be dominated by edge species and lack the structural 

diversity of larger patches.   

 

To summarise what is and what is not known about brigalow community ecology, on 

the one hand, there is a reasonable appreciation of the typical floristic and structural 

composition of brigalow communities at particular stages of development; there is 

general understanding of brigalow community response to disturbance; and some 

understanding of relationships between brigalow community floristics/structure and 

different faunal groups.  On the other hand, few explicit, quantitative assessments have 

been made of changes in brigalow ecological values over time.  Therefore, relatively 

little is known about how the ecological values of regrowth brigalow compare to the 

ecological values of remnant brigalow, or how to manage the development of brigalow 

stands in order to promote the establishment of diverse, resilient communities.  

Moreover, the degree to which ecological values might be restored in landscapes of the 

Brigalow Belt by integrating agricultural production areas with regrowth and remnant 
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stands of various shapes and sizes, is open to question.  Overall, there is limited 

understanding of the impact of factors such as time (years) since last disturbance, 

number of disturbance events and perimeter-area ratio, on the ecological value of 

brigalow communities.  

 

4.1.5 Addressing gaps in our knowledge about brigalow vegetation ecology 

In recognition of current knowledge gaps with respect to the ecological values of 

regrowth and remnant brigalow stands in landscapes dominated by agricultural 

production, this study sought to compile some important baseline ecological data.  The 

aim was to assemble information that will assist deliberations surrounding vegetation 

planning and management, and guide land managers in their attempts to integrate 

ecological and economic objectives.   

 

Brigalow community floristics and structure were the basis for assessing the ecological 

values of brigalow stands at different times (years) since last disturbance, subject to 

different numbers of disturbance events, and with different perimeter-area ratios.  

Floristic and structural variables were also used to determine the length of time it might 

take for regrowth brigalow to develop the characteristics of remnant brigalow.  

Floristics is defined here as the species richness, abundance and diversity of brigalow 

community components.  Structure is defined as the range of forms shown by individual 

components (e.g. trees, shrubs, logs) within a stand of brigalow vegetation, as well as 

the spatial arrangement of these components (McElhinny et al. 2005).   

 

Floristic and structural features have been examined by a number of researchers seeking 

to define or understand the ecological values of forest and woodland ecosystems 

(Ribichich and Protomastro 1998, Palomares 2001, McElhinny 2002, Sekercioglu 2002, 

Corbacho et al. 2003, Kanowski et al. 2003, Payer and Harrison 2003).  Franklin et al. 

(2002), McElhinny (2002) and Lindenmayer et al. (2000) suggest that these features are 

useful for a number of reasons:  

 

(1) They are considered a practical surrogate measure for faunal components of 

biodiversity (e.g. birds, arboreal marsupials, reptiles, ground dwelling mammals, 

amphibians, invertebrates); 

(2) They provide insight into sources of biodiversity (i.e. the resources upon which 

various flora and fauna depend); 
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(3) They encompass a range of characteristic variables (e.g. vegetation height, density, 

canopy cover, species composition, richness and relative abundance), which relate 

to structural, functional and compositional aspects of biodiversity; 

(4) They can help to inform the development of appropriate management practices for 

maintaining or enhancing biodiversity; 

(5) They allow for assessment of habitat heterogeneity; 

(6) They can be efficiently and effectively measured in the field; and  

(7) They tend to be the attribute most often manipulated in order to achieve 

management objectives.   

 

The floristic and structural variables focused upon in this study, were chosen in light of 

key variables identified in the secondary succession studies of Johnson (1981, 1997) 

and other studies that have considered relationships between brigalow communities and 

different faunal groups (e.g. Evans 1996, Hoolihan and Goldizen 1998, Evans and 

Jarman 1999, Pople et al. 2001, Miles and Madden 2002, Chan and Augusteyn 2003). 

 

4.2 Aims and research questions 
The aims of this study, for surveyed stands of remnant and regrowth brigalow of 

varying years since last disturbance, were: 

(1) To describe, in qualitative and quantitative terms, their floristic and structural 

characteristics.  

(2) To assess their degree of homogeneity or heterogeneity, with respect to floristic and 

structural characteristics. 

(3) To collect qualitative and quantitative information describing vegetation disturbance 

and management histories as well as site characteristics and environmental 

conditions. 

(4) To assess the relative usefulness of years since last disturbance, number of 

disturbance events and perimeter-area ratio as indicators of the floristic and 

structural development of brigalow stands. 

(5) To predict how long it might take regrowth brigalow to assume the floristic and 

structural characteristics of remnant brigalow. 

(6) Based on the above qualitative and quantitative information, to critically assess 

whether the 15 year old ‘cut-off’ specified for the clearing of regrowth under the 

Environment Protection and Biodiversity Conservation Act 1999, is relevant with 

respect to the meeting of ecological objectives in Brigalow Belt landscapes. 
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In line with the above aims, the following research questions were investigated: 

(1) How do brigalow woody species richness, abundance and diversity change with 

respect to (i) years since last disturbance, (ii) number of disturbance events and    

(iii) perimeter-area ratio? 

(2) How does brigalow stand structure change with respect to (i) years since last 

disturbance, (ii) number of disturbance events and (iii) perimeter-area ratio? 

(3) What relationships exist between brigalow floristic and structural variables? 

 

4.3 Study design and data collection 
Due to the timeframe constraints associated with this study, the vegetation surveys 

were, of necessity, based on a space-for-time approach to studying floristic and 

structural trends in brigalow communities.  This approach was used with the assumption 

that all brigalow stands had similar floristic and structural composition prior to 

disturbance (Pickett 1989).  This is not an unreasonable assumption to make for 

brigalow stands occurring on deep gilgaied clay soils and in reasonably close proximity 

to each other (see Figure 4.1 and text below), given the soil-vegetation associations 

noted in the Brigalow Belt by Isbell (1962).   

 

While it is recognised that long-term monitoring studies (e.g. Johnson 1981, 1997) will 

be more accurate than space-for-time studies for the identification of successional trends 

(Pickett 1989), one disadvantage of the former approach is that it tends to focus on a 

single site or a small number of sites only.  This means that long-term studies, in 

general, do not account for the great range of vegetation disturbance practices occurring 

in the landscape.  The space-for-time approach, on the other hand, can assess a large 

number of sites subject to a variety of disturbance practices.  It needs to be borne in 

mind, however, that the latter approach does not reveal a true successional sequence as 

such, but it is, nevertheless, a means for identifying general qualitative trends (Pickett 

1989) or basic patterns of successional change (Foster and Tilman 2000).  In the case of 

this study, space-for-time was deemed to be particularly useful for identifying different 

forms of brigalow, at various times since last disturbance, given diverse disturbance 

histories. 

 

Selection and subsequent surveying of brigalow sites for the space-for-time study took 

place in spring 2004 in the Tara Shire.  The study site selection process involved visits 
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to eleven properties across the region, assessing the nature and condition of stands of 

regrowth and remnant brigalow.  For the purpose of the vegetation surveys, a stand was 

defined as a discrete area of brigalow-dominant vegetation with relatively uniform 

structure.  For each potential study site notes were made of brigalow stand dimensions, 

vegetation condition, soil type, grazing history, disturbance history and years since last 

disturbance event.  Details about the latter three characteristics were obtained directly 

from landholders (see Appendix 3 for the sheet used to collect information from 

landholders).   

 

The initial study design aimed to assess 5 sites in each of 4 years since last disturbance 

categories: (1) 0–7 years, (2) 8–14 years, (3) 15–25 years and (4) 25+ years.  The 

motivations behind this design were firstly, to ensure that a range of stands were 

surveyed at various stages of development; and secondly, to assess the appropriateness 

of the ‘15 years’ benchmark for brigalow, as stipulated under the Environment 

Protection and Biodiversity Conservation Act 1999.  However, given the nature of 

brigalow clearing across the Tara Shire, equal replication across these particular 

categories was difficult to achieve.  It was found that regrowth stands between 10–20 

years since last disturbance were often in relatively poor condition, being narrow 

shadelines positioned around paddock borders.  Additionally, there were few stands of 

older regrowth (i.e. ≥ 30 years since last disturbance) in the landscape.   

 

Therefore, the initial categories were abandoned and instead, 18 brigalow stands at 

varying years since last disturbance, were systematically selected for study (Table 4.4).  

In selecting the study sites, every attempt was made to minimise the influence of 

potential confounding variables such as soil type and markedly different grazing 

regimes.  Generally, stands were included in the study if they were at least 30 m in 

width, occurred on deep gilgaied clay soils (Isbell 1962), and had been subject to low-

medium levels of grazing disturbance as indicated by landholders and/or visual 

assessment of dung and hoof-prints.  The study sites varied markedly in perimeter-area 

ratios and they each had a unique disturbance history in terms of both timing and types 

of disturbance (Table 4.4).  The sites occurred across eight properties in the Tara Shire, 

with one group of stands situated approximately 40 km west of the town of Tara and a 

second group of stands situated approximately 65 km south-west of Tara (Figure 4.1).  

The ‘Property A’ 4 YSLD and 100 YSLDa stands from the agronomic and hydrological 

studies were amongst the stands surveyed. 
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A plot design was used for conducting surveys of structural and floristic features within 

each brigalow stand.  Generally, 5 plots of 20 m x 10 m in dimension were surveyed.  

However, in one stand of regrowth brigalow, 16 years since last disturbance, only 3 

plots were examined.  This particular stand was dominated by dense, whipstick 

brigalow trees that displayed uniform height and density, and as such, it was reasoned 

that surveying two additional stands would add no new information to the data set.   

 

Within each vegetation stand, plot number one was placed randomly within a subsection 

that was generally representative of the entire stand.  The remaining plots were aligned 

parallel to the stand edge, with each plot being spaced approximately 20 m apart.  Given 

this study was concerned with sampling average floristic and structural features, rather 

than investigating floristic and structural gradients, all plots were sited towards the 

middle of the stands. 

 

Key features surveyed at each study site are listed in Table 4.5, along with methodology 

notes.  These features were chosen because (a) they assisted with the characterisation of 

each brigalow stand in terms of floristic and structural complexity (Mueller-Dombois 

and Ellenberg 1974), (b) many of the features have been associated with the presence 

and/or abundance of major faunal groupings in forests and woodlands (McElhinny 

2002), and (c) they allowed for an efficient and effective survey of various forms of 

regrowth and remnant brigalow.  Values for all brigalow stand features were generally 

measured or counted across the entire plot.  However, fallen logs were only counted if 

they intercepted a line running through the middle of the plot.  To improve the accuracy 

of visual estimates of tree, shrub, grass, litter and gilgai cover, plots were divided into 

four 10 m x 5 m sub-plots and a separate estimate was made for each of these smaller 

areas.  An average of the individual sub-plot estimates was subsequently calculated, to 

obtain an overall value for percentage cover.  
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This study followed the style of vegetation ecology described by Mueller-Dombois and 

Ellenberg (1974).  That is, emphasis was placed on characterising brigalow 

communities in terms of the key species that contributed most to community structure, 

rather than attempting to identify and list all species present.  Thus, the focus was on 

measuring and recording woody plants in the overstorey and shrub layers, rather than 

detailing grass, herb and forb species present in the ground layer.  Species in the former 

layers are relatively consistent between seasons, whereas species in the ground layer 

tend to be sparse and ephemeral (Isbell 1962, Coaldrake 1970) and can vary 

considerably from one year to the next, due to the erratic climatic patterns in the region 

(Tothill 1976).   

 

In addition to collecting information about vegetation features, measurements were 

taken of stand dimensions (width and length) and a note was made of surrounding land-

uses.  Pilot surveys of select regrowth and remnant sites were conducted prior to the 

surveys proper.  This ensured that the survey methods were appropriate for 

characterising brigalow communities of different configuration and different years since 

last disturbance. 

 
4.4 Data analyses  
An important consideration prior to conducting the analyses was determining the scale 

at which data should be aggregated, for each of the various features surveyed within the 

brigalow stands.  Tree and shrub densities; number of logs; number of woody species; 

and tree, shrub, grass, litter and gilgai cover data; were all aggregated at the plot scale.  

This scale of aggregation was deemed appropriate because the values for these datasets 

largely reflected, or were dependent on, estimates or measurements made at the plot 

scale.  On the other hand, tree height and shrub height data were aggregated at the site 

scale, as these latter datasets were largely independent of scale of measurement. 

 

Q. 1: How do brigalow woody species richness, abundance and diversity change 

with respect to (i) years since last disturbance, (ii) number of disturbance events 

and (iii) perimeter-area ratio? 

The non-metric Multi-Dimensional Scaling (NMDS) ordination technique was used to 

explore woody species floristic patterns with respect to years since last disturbance, 

number of disturbance events and perimeter-area ratio.  NMDS is regarded as an 

important technique for studying vegetation diversity at a general level, producing an 
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ordination space in which vegetation stands with a similar species composition are 

grouped close together (Clarke and Warwick 1994, Pitkänen 2000). 

 

A series of ordinations were performed on the basis of species abundance data for the 

following datasets: (1) all woody species (i.e. trees and shrubs), (2) all shrubs, (3) 

shrubs > 1m and (4) shrubs < 1 m.  A separate NMDS was not investigated for tree 

species only, as there were only two tree types found across the study sites, these being 

Acacia harpophylla and Casuarina cristata.  Raw data were square-root transformed 

prior to analysis.  The Bray-Curtis similarity measure was used to calculate distances 

between the samples for the MDS similarity matrix which formed the basis of the 

ordination.  NMDS ordinations were performed using Primer 5 for Windows (v. 5.2.4).   

   

In addition to NMDS, graphs were produced of the independent variables years since 

last disturbance, number of disturbance events and perimeter-area ratio, versus the 

dependent variables total number of species, species frequency and the Shannon-Weiner 

Index.  The Shannon-Weiner Index (H) is a measure of diversity that takes into account 

both the number of species and the relative frequency of each species in a stand.  A 

single H value was calculated for each site, based on the relative abundance data, in 

accordance with the formula: 

 

H = - ∑ (Pi * ln [Pi]) 

 

Where: 

Pi = the number of a given species divided by the total number of individuals across all 

species 

 

SigmaPlot (v. 9.0) was used for graph production and it was also used for fitting linear 

models (y = a*x + b) to the datasets to quantify changes in brigalow floristics with years 

since last disturbance, number of disturbance events or perimeter-area ratio.  

Exponential and logistic models were also fitted to the datasets, however linear models 

were found to provide the best fit overall. 

 

The variables years since last disturbance and number of disturbance events were 

subject to log and log(x+1) transformations, respectively, to improve linear model fits 
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and to ensure that the assumptions of linear regression were upheld, as evident in 

analysis of the residuals.  However, the tick labels along the transformed x axes were 

displayed as linear values, to allow for easier interpretation of the data. 

 

Importantly, the model-fitting allowed mean number of species and Shannon-Weiner 

index values to be interpolated for stands 15 years since last disturbance, given that no 

stands at this exact stage of development were surveyed (see Table 4.4).  

 

Q. 2: How does brigalow stand structure change with respect to (i) years since last 

disturbance, (ii) number of disturbance events and (iii) perimeter-area ratio? 

The Principal Components Analysis (PCA) ordination technique, which allows for the 

examination of environmental or structural data (Clarke and Warwick 1994), was used 

to examine woody species structural patterns at a general level, with respect to years 

since last disturbance, number of disturbance events and perimeter-area ratio.  Similar to 

MDS, PCA results in an ordination space in which the placement of the samples (or 

vegetation stands), reflects their relative similarities in community structure, with 

nearby samples tending to be more similar than samples further away.  Unlike MDS, 

however, the starting point for PCA is the original data matrix rather than a derived 

similarity matrix (Clarke and Warwick 1994). 

 

PCA ordinations were performed using Primer 5 for Windows (v. 5.2.4).  The initial 

PCA data matrix contained the following variables: perimeter-area ratio, gilgai lowland 

(%), density of < 1 m shrubs (stems/ha), density of 1 m to < 5 m shrubs (stems/ha), tree 

density (stems/ha), stag density (stems/ha), mean height of 1 m to < 5 m shrubs (m), 

mean tree height (m), cover of 1 m to < 5 m shrubs (%), tree cover (%), grass cover (%), 

litter cover (%) and mean number of logs.  On the basis of this matrix, a series of PCA 

iterations were run, with different combinations of the variables and with both 

transformed and untransformed data.  With respect to data transformation, percentage 

data were arcsin(√x) transformed while all other data were natural log transformed.  

Prior to the ordinations, all data were normalised to a common scale.  A maximum of 

five principal components axes were computed for each PCA.   

 

To assess how well the PCA iterations succeeded in representing the relationships 

between the various brigalow stands, reference was made to the percentage of total 

variance explained by the first two axes.  More specifically, plots that accounted for 
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around 70–75% of the original variation, were thought to describe the overall structure 

well (Clarke and Warwick 1994).  In the case of the iteration that produced the highest 

value for total variance explained, bubbles were super-imposed over the data points, 

representing the relative magnitude of different structural variables.  These bubbles 

illustrated the most important gradients, with respect to vegetation structure, amongst 

the brigalow stands.  Genstat (v. 7.2) was used to calculate correlation co-efficients for 

relationships between the principal components axes and the structural variables 

highlighted in the bubble plots, and also between the principal components axes and the 

independent variables (years since last disturbance, number of disturbance events and 

perimeter-area ratio). 

 

In addition to PCA, years since last disturbance, number of disturbance events and 

perimeter-area ratio were plotted against the dependent structural variables that revealed 

the most important gradients in the PCA plots.  SigmaPlot (v. 9.0) was used to plot the 

data and it was also used for fitting linear models (y = a*x + b) to the datasets.  All 

structural variables recorded as percentage data were arcsin(√x) transformed.  The 

variables years since last disturbance and number of disturbance events were subject to 

log and log(x+1) transformations, respectively, to improve model fits and to ensure that 

the assumptions of linear regression were upheld, as evident in analysis of the residuals.  

Tick labels along the transformed x and y axes were displayed as linear values, to allow 

for easier interpretation of the data. 

 

Q. 3: What relationships exist between brigalow floristic and structural variables? 

There are a large number of relationships that could potentially be examined between 

brigalow floristic and structural variables.  However, data analyses for this question 

were restricted by focusing on relationships between total number of species and the 

Shannon-Weiner index, and key structural variables identified with the PCA.  

Relationships were also examined between the key structural variables only.  Where 

appropriate, SigmaPlot (v. 9.0) was used to fit linear models (y = a*x + b) to the 

datasets.  All percentage data were arcsin(√x) transformed and where necessary, total 

number of species was log transformed.  Tick labels along the transformed x and y axes 

were displayed as linear values, to allow for easier interpretation of the data. 
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4.5 Results 
Q. 1: How do brigalow woody species richness, abundance and diversity change 

with respect to (i) years since last disturbance, (ii) number of disturbance events 

and (iii) perimeter-area ratio? 

The NMDS ordination for the all woody species dataset is presented, as it produced the 

most informative results.  When this ordination was labelled with respect to years since 

last disturbance, it suggested a development trajectory for brigalow floristics (Figure 

4.2).  There was a group of young regrowth stands (< 10 years since last disturbance) 

clustered together at the bottom of the plot and then a second group of middle-aged 

regrowth stands (11–24 years since last disturbance) clustered together above the first 

group.  To the right of the middle-aged group was a third group consisting of two old 

regrowth stands (35 and 46 years since last disturbance).  This latter group was closely 

associated with the remnant stands featured together on the right side of the plot.  It is 

recognised that there was an anomaly in the group of middle-aged stands, i.e. a stand of 

regrowth 3 years since last disturbance.  This young stand had been subject to 8 

disturbance events, the greatest number out of all surveyed sites (Figure 4.3).  Removal 

of the anomalous stand from the analysis did not improve site groupings. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 4.2: NMDS ordination of all woody species (i.e. both trees and shrubs) data.  Data labels 
represent years since last disturbance.  The dotted circles and dotted line highlight site groupings 
and the arrows suggest a development trajectory for brigalow floristics.  Note that the anomalous 
stand within the grouping of middle-aged regrowth sites (labelled ‘3’) had been subject to the 
greatest number of disturbance events out of all surveyed sites (see Figure 4.3) 
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Figure 4.3: NMDS ordination of all woody species (i.e. both trees and shrubs) data.  Data labels 
represent number of disturbance events.  The dotted line highlights the distinction between the 
remnant sites and the regrowth sites 

 

 

When the NMDS ordination was labelled with respect to number of disturbance events 

it did not show clear groupings for this particular variable, apart from the remnant sites 

on the right side of the plot, which had not been subject to any (known) disturbance 

(Figure 4.3).  Labelling the NMDS ordination with respect to perimeter-area ratio 

revealed one main grouping of sites with perimeter-area ratios > 400 (Figure 4.4).  This 

grouping was in accord with the grouping of middle-aged regrowth stands identified 

above.  Again, the anomaly within this group was the stand of young regrowth, 3 years 

since last disturbance, with a perimeter-area ratio of 43. 

 

Overall, the NMDS ordination appeared to suggest that young regrowth is relatively 

similar to remnant vegetation in terms of species composition, then as regrowth 

develops, it undergoes a floristic change, before moving back towards remnant species 

abundance patterns in maturity.  However, these NMDS results need to be considered 

alongside the relative abundance data to determine whether this is a suitable 

interpretation of brigalow floristic development. 

3

4

8

5

2

4

4 3

6
6

7

3

1
1

3

0

0

0

Stress: 0.15



 172

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.4: NMDS ordination of all woody species (i.e. both trees and shrubs) data.  Data labels 
represent perimeter-area ratios.  The dotted circle groups stands with relatively large perimeter-
area ratios.  Note that the anomalous stand within this group, with a perimeter-area ratio of 43, had 
been subject to the greatest number of disturbance events out of all surveyed sites (see Figure 4.3) 

 

 

Acacia harpophylla (AH) was found to be the dominant woody vegetation type across 

all sites, followed by Eremocitrus glauca (EG), Casuarina cristata (CC) and Geijera 

parviflora (GP) (Figure 4.5).  Other woody species were relatively insignificant.  A. 

harpophylla was particularly dominant in young regrowth and middle-aged regrowth 

stands and E. glauca was also more abundant in these stands, in comparison to the 

remnant stands.  Heterodendrm diversifolium and Eremophila mitchellii were not 

present at a significant level (i.e. recorded species frequency ≥ 5) in young regrowth but 

they were present in middle-aged, older regrowth and remnant stands.  Geijera 

parviflora and Casuarina cristata were present at a significant level in the remnant 

stands only.  In general, the relative abundance data did not support the floristic 

development pattern proposed on the basis of the NMDS ordination (Figure 4.2).  There 

were considerable differences in species abundance between the young regrowth sites 

and the remnant sites, with young regrowth tending to be more closely aligned with 

middle-aged regrowth. 
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Considering the floristics data in more detail, in total, 23 woody species (2 tree species, 

21 shrub species) were identified across the 18 study sites (Table 4.6).  There was a 

trend of increasing species richness with years since last disturbance, with total number 

of species ranging from 3 for a regrowth stand 2 years since last disturbance, to 11 for 

both a remnant stand and an older regrowth stand 35 years since last disturbance (Figure 

4.6 a).  This trend was explained well by a linear model (r2 = 0.62, P < 0.001) (Table 

4.7).  Based on the model, the total number of woody species estimated for stands 15 

years since last disturbance was approximately 7, which represents 71% of the number 

of woody species expected for remnant stands.  It was estimated that it would take 

approximately 4 years and 52 years respectively, for a disturbed brigalow stand to reach 

50% and 90% of the total number of woody species found in remnant stands. 

 

 

Table 4.6: Woody species (trees# and shrubs) identified across the 18 study sites 

Scientific name (abbreviation) Common name  
Acacia harpophylla (AH)# brigalow 
Anthobolus leptomerioides (AL) leafless bush 
Apophyllum anomalum warrior bush 
Capparis lasiantha nipan 
Casuarina cristata (CC)# belah 
Enchylaena tomentosa ruby saltbush 
Eremocitrus glauca (EG) lime bush 
Eremophila deserti ellengowan poison bush 
Eremophila maculata spotted emu bush 
Eremophila mitchellii (EM) false sandalwood 
Geijera parviflora (GP) wilga 
Heterodendrum diversifolium (HD) holly bush 
Jasminum didymum native jasmine 
Maireana microphylla cottonbush 
Maireana tomentosa felty bluebush 
Melaleuca lanceolata moonah 
Melaleuca spp. N.A.* 

Opuntia spp. prickly pear 
Pimelea microcephala mallee riceflower 
Pittosporum phylliraeoides weeping pittosporum 
Rhagodia spinescens saltbush 
Santalum lanceolatum  true sandalwood 
Sclerolaena birchii galvanised burr 
* The level of species identification did not allow for a common name to be listed 
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The Shannon-Weiner indices calculated for the study sites ranged from 0.03 for a stand 

16 years since last disturbance to 1.95 for a stand of remnant brigalow (Figure 4.6 b).  

There was a trend of increasing floristic diversity with years since last disturbance and 

this was well explained by a linear model (r2 = 0.64, P < 0.0001) (Table 4.7).  The value 

of the Shannon-Weiner index for stands 15 years since last disturbance was 0.70, as 

determined by the model.  This value was 52% of the Shannon-Weiner index value 

expected for a remnant stand.  It was further estimated that it would take approximately 

14 and 68 years respectively, for a disturbed brigalow stand to reach 50% and 90% of 

the Shannon-Weiner index value of a remnant stand. 

 

Inverse relationships were found between number of disturbance events and both total 

number of woody species and the Shannon-Weiner index (Figure 4.6 c, d).  These 

relationships were accounted for by linear models: r2 = 0.39, P = 0.006 and r2 = 0.66,   

P < 0.0001, for total number of woody species and the Shannon-Weiner index, 

respectively (Table 4.7).  According to the first model, 8 disturbance events would 

result in less than 50% of the total number of woody species found in undisturbed 

stands.  The second model suggested that 2 disturbance events would result in Shannon-

Weiner index values less than 50% of the value estimated for undisturbed stands.  No 

relationships were found between perimeter-area ratio and total number of woody 

species or the Shannon-Weiner index. 

 

Q. 2: How does brigalow stand structure change with respect to (i) years since last 

disturbance, (ii) number of disturbance events and (iii) perimeter-area ratio?  

The PCA ordination which best explained the relationships between the brigalow stands 

was based on the following set of transformed data: < 1 m woody species density, shrub 

density, tree density, stag density, mean shrub height, mean tree height, shrub cover, 

tree cover, grass cover and litter cover.  The first axis of the PCA explained 58.4% of 

the total variation, while the second explained 23.4%.  Therefore, together, both axes 1 

and 2 accounted for 81.8% of the total variation (Figures 4.7 to 4.9).  Further axes were 

not considered given the first two accounted for a major proportion of the total variation 

and were most important in terms of delineating overall patterns in the dataset.   
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Figure 4.7: PCA plot based on brigalow structural data.  81.8% of total variance explained 
by the first two principal components.  Data labels represent years since last disturbance 
for each brigalow stand.  Text boxes show overlapping numbers  

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 4.8: PCA plot based on brigalow structural data.  81.8% of total variance explained 
by the first two principal components.  Data labels represent number of disturbance events 
for each brigalow stand.  Text boxes show overlapping numbers 
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Figure 4.9: PCA plot based on brigalow structural data.  81.8% of total variance explained 
by the first two principal components.  Data labels represent perimeter-area ratios for each 
brigalow stand.  Text boxes show overlapping numbers 

 

 

The first axis showed a very high positive correlation with years since last disturbance   

(r = 0.92), a moderate negative correlation with number of disturbance events               

(r = -0.62) but no correlation with perimeter-area ratio (Table 4.8).  The second axis 

showed a moderate negative correlation with perimeter-area ratio (r = -0.57) but of 

course did not show significant correlations with either years since last disturbance or 

number of disturbance events (Table 4.8).  Overall, the dominant gradient in the PCA 

plot, with respect to the three independent variables, was an increase in values along 

PC1 with years since last disturbance.   
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Table 4.8: Relationships between the principal components axes and years since last 
disturbance, number of disturbance events, perimeter-area ratio and brigalow structural 
attributes.  Presented are correlation co-efficients (r) and levels of significance (P) 
 PC1 PC2 
 r P r P 
Independent variables     
      Years since last disturbance 0.92 *** 0.08 n.s. 
      No. of disturbance events -0.62 ** -0.36 n.s. 
      Perimeter-area ratio 0.00 n.s. -0.57 * 
Dependent variables     
      Tree cover 0.95 *** 0.17 n.s. 
      Shrub cover -0.24 n.s. -0.94 *** 
      Grass cover -0.65 ** 0.66 ** 
      Litter cover 0.78 *** -0.45 n.s. 
* P < 0.05, ** P < 0.01, *** P < 0.00 1, n.s. not significant 

 

 

The dependent structural variables that revealed the most instructive gradients in the 

PCA plot were tree cover, shrub cover, grass cover and litter cover (Figures 4.10 to 

4.13).  The first axis showed very high positive correlations with tree cover (r = 0.95) 

and litter cover (r = 0.78) and a moderate negative correlation with grass cover             

(r = -0.65) (Table 4.8).  The second axis showed a very high negative correlation with 

shrub cover (r = -0.94) and a moderate positive correlation with grass cover (r = 0.66) 

(Table 4.8).  Thus, in terms of the dependent structural variables, the dominant gradients 

in the PCA plot were defined by an increase in values along PC1 with an increase in 

tree cover and a decrease in values along PC2 with an increase in shrub cover. 
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Figure 4.10: PCA based on brigalow structural data.  Data labels represent years since last 
disturbance for each brigalow stand.  Tree cover (arcsin %) data have been super-imposed 
as bubbles 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.11: PCA based on brigalow structural data.  Data labels represent years since last 
disturbance for each brigalow stand.  Shrub cover (arcsin %) data have been super-
imposed as bubbles 
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Figure 4.12: PCA based on brigalow structural data.  Data labels represent years since last 
disturbance for each brigalow stand.  Grass cover (arcsin %) data have been super-
imposed as bubbles 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.13: PCA based on brigalow structural data.  Data labels represent years since last 
disturbance for each brigalow stand.  Litter cover (arcsin %) data have been super-
imposed as bubbles 
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Relationships were examined between the three independent variables (years since last 

disturbance, number of disturbance events, perimeter-area ratio) and the four dependent 

structural variables that showed the strongest gradients in the PCA plot (tree cover, 

shrub cover, grass cover, litter cover).  It is important to note that trees (defined as 

vegetation ≥ 5 m in height) were only found in 10 of the surveyed stands (all ≥ 11 years 

since last disturbance).  Brigalow stands without trees were not included in the analyses 

as they tended to obscure relationships with the independent variables. 

 

There were trends of increasing tree cover (arcsin %) and litter cover (arcsin %) with 

years since last disturbance (log) (Figure 4.14 a, b).  These trends were accounted for by 

linear models: r2 = 0.77, P = 0.0009 and r2 = 0.54, P = 0.0005 for tree cover and litter 

cover, respectively (Table 4.9).  In contrast, an inverse linear relationship was found 

between years since last disturbance (log) and grass cover (arcsin %) (r2 = 0.43,             

P = 0.003) (Figure 4.14 c, Table 4.9).  No relationship was detected between shrub 

cover (arcsin %) and years since last disturbance (log).  Based on the linear models it 

was calculated that a stand of regrowth 15 years since last disturbance will have 

approximately 7%, 53% and 398%, respectively, of the tree cover, litter cover and grass 

cover of a remnant stand.  It was further estimated that it would take a stand of regrowth 

46 years and 87 years to reach 50% and 90%, respectively, of the tree cover found in a 

stand of remnant brigalow.  In terms of litter cover it was calculated that it would take 

13 years and 67 years, respectively, for a regrowth stand to obtain 50% and 90% of the 

litter cover found in a remnant stand. 
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Inverse linear relationships were observed between number of disturbance events 

[log(x+1)] and both tree cover (arcsin %) (r2 = 0.48, P = 0.03) and litter cover       

(arcsin %) (r2 = 0.34, P = 0.01) (Figure 4.15 a, b; Table 4.9).  According to the linear 

models, 1 disturbance event and 3 disturbance events will respectively lead to 50% of 

the tree cover and 50% of the litter cover found in remnant (undisturbed) stands of 

brigalow.  No relationships were found between number of disturbance events 

[log(x+1)] and either shrub cover (arcsin %) or grass cover (arcsin %). 

 

Between perimeter-area ratio and tree cover (arcsin %) there was an inverse linear 

relationship (r2 = 0.77, P = 0.0009), while perimeter-area ratio and shrub cover      

(arcsin %) showed an increasing linear trend (r2 = 0.27, P = 0.03) (Figure 4.16 a, b; 

Table 4.9).  No relationships were detected between perimeter-area ratio and grass cover 

(arcsin %) or litter cover (arcsin %). 
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Q. 3: What relationships exist between brigalow floristic and structural variables? 

Relationships were examined between total number of species, the Shannon-Weiner 

index and the four key structural variables identified with PCA, namely, tree cover, 

shrub cover, grass cover and litter cover.  Only results for significant relationships are 

reported.  Total number of species showed a positive relationship with tree cover  

(arcsin %) (r2 = 0.71, P = 0.0001) and litter cover (arcsin %) (r2 = 0.40, P = 0.005), and 

total number of species (log) revealed a negative relationship with grass cover      

(arcsin %) (r2 = 0.45, P = 0.002) (Figure 4.17; Table 4.10).  Both tree cover (arcsin %)     

(r2 = 0.82, P < 0.0001) and litter cover (arcsin %) (r2 = 0.36, P = 0.009) were found to 

be increasing with the Shannon-Weiner index (Figure 4.18; Table 4.10). 

 

 

Table 4.10: Relationships between floristic variables and structural variables.  Presented 
are degrees of freedom (d.f.), regression co-efficients (reg. co-eff.), y-intercepts (y-int.),     
r-squared values (r2) and levels of significance (P) 

 Total number of species* Shannon-Weiner index 
 d.f. reg.  

co-eff. 
y-int. r2 P d.f. reg. 

co-eff. 
y-int. r2 P 

Tree 
cover# 

 
17 

 
0.06 

 
-0.27 

 
0.71 

 
<0.0001 

 
17 

 
0.29 

 
-0.05 

 
0.82 

 
<0.0001 

Litter 
cover# 

 
17 

 
0.07 

 
0.14 

 
0.40 

 
0.0052 

 
17 

 
0.27 

 
0.39 

 
0.36 

 
0.0087 

Grass 
cover# 

 
17 

 
-1.28 

 
1.56 

 
0.45 

 
0.0024 

 
17 

   
0.086 

 
n.s. 

* Log values used for investigating the relationship with grass cover (arcsin %) 
# arcsin % 
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Figure 4.18: Relationships between the Shannon-Weiner index and (a) tree cover (arcsin %) and 
(b) litter cover (arcsin %).  The dotted lines represent 95% confidence bands.  Linear model 
parameters, regression co-efficients and significance values are listed in Table 4.10 

 

 



 192

Examination of relationships between the structural variables only, revealed inverse 

relationships between tree cover (arcsin %) and grass cover (arcsin %) (r2 = 0.30,          

P = 0.02) and between litter cover (arcsin %) and grass cover (arcsin %) (r2 = 0.60,       

P = 0.0002) (Figure 4.19 a, b; Table 4.11).  There was a positive relationship between 

tree cover (arcsin %) and litter cover (arcsin %) (r2 = 0.50, P = 0.001) (Figure 4.19 c; 

Table 4.11). 

 

 

Table 4.11: Relationships between structural variables.  Presented are degrees of freedom 
(d.f.), regression co-efficients (reg. co-eff.), y-intercepts (y-int.), r-squared values (r2) and 
levels of significance (P) 

 Tree cover Litter cover 
 d.f. reg.  

co-eff. 
y-int. r2 P d.f. reg. 

co-eff. 
y-int. r2 P 

Grass cover  17 -0.90 0.69 0.30 0.02 17 -0.91 1.08 0.60 0.0002 
Litter cover 17 1.004 0.43 0.50 0.001      
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4.6 Discussion 
4.6.1 Floristic characteristics of regrowth and remnant brigalow stands 

The types of woody species observed in the brigalow stands were typical of those noted 

by other researchers (e.g. Johnson 1964, Johnson 1984, Sattler and Webster 1984).  

Brigalow community species richness increased more or less linearly with the logarithm 

of years since last disturbance, reflecting the findings of other studies that have 

examined species colonisation post-disturbance (Miles 1982).  It was evident that once 

regrowth brigalow had moved through the thinning phase and into the transition phase 

(Peet 1992) as older regrowth, other woody species were able to find a place in the 

system and the floristic complexity of remnant brigalow started to reappear.  The shrub 

understorey was more prominent in middle-aged and older regrowth stands, however, 

there was still a considerable difference in floristic composition between these older 

regrowth stands and remnant stands.  Accordingly, it was estimated that it would take 

only 4 years since last disturbance for a stand to reach 50% of the total number of 

woody species found in remnant stands, but then a further 48 years for a stand to reach 

90% of the total woody species of a remnant stand. 

 

The relative abundance data, from the young regrowth and middle-aged regrowth sites 

in particular, demonstrated the tendency of brigalow suckers to quickly assume 

dominance following site disturbance via vegetative reproduction.  Brigalow then 

exerted control over the system, competing strongly with other species for space and 

growth resources.  These findings reflect observations made by Johnson (1964, 1981) in 

his studies of brigalow communities post-disturbance.  They are also in line with 

Connell and Slatyer’s (1977) inhibition model of succession.   

 

Similar to the species richness dataset, the Shannon-Weiner index increased with the 

logarithm of years since last disturbance.  However, it was found that it would take a 

stand longer to recover its pre-clearing diversity than what it would take to recover pre-

clearing total number of woody species – 14 and 68 years respectively, for a stand to 

reach 50% and 90% of the Shannon-Weiner index value of a remnant stand.  This 

finding supports the results from Johnson’s (1997) secondary succession study where he 

found that at 30 years since last disturbance, his stand had recovered the same number 

of species as was present prior to clearing but most species, other than brigalow, were 

present at low densities due to competition from brigalow suckers. 
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Inverse relationships were found between number of disturbance events and both total 

number of woody species and the Shannon-Weiner index.  These findings support the 

observation by Glenn-Lewin and van der Maarel (1992) that the greater the number of 

disturbance events a stand of vegetation is subject to, the greater the interference with, 

or interruption of, its recovery of floristic complexity.  Veblen (1992) has similarly 

noted that a high frequency of exogenous disturbance events can sometimes prevent the 

attainment of a compositional equilibrium. 

 

It was interesting to find that with the NMDS ordination, the relative positioning or 

grouping of the sites did not relate to number of disturbance events.  It was thought that 

this factor may have had a bearing on species abundance, following the observation by 

Franklin et al. (2002) that forests subject to frequent, light to moderate disturbance 

events tend to develop a heterogeneous mosaic of structural units, which can lead to the 

establishment of different sets of species, in comparison to forests that are subject to one 

major disturbance event only.   

 

It was also surprising to find that there were no relationships between perimeter-area 

ratio and total number of woody species or the Shannon-Weiner index.  Given that 

larger stands of brigalow vegetation with relatively small perimeter-area ratios have 

both ‘edge’ and ‘interior’ habitat (Beer and Fox 1997), it was thought that such stands 

might host a greater number of species and perhaps reveal a different diversity of 

species, in comparison to stands with larger perimeter-area ratios, as observed by West 

et al. (1999).  However, given that in this study, there were only 4 stands with 

perimeter-area ratios < 100 and only 2 stands with perimeter-area ratios > 500, with the 

rest falling somewhere in between, there may not have been enough stands at the high 

and low ends of the perimeter-area scale to discern clear trends in brigalow community 

floristics. 

 

A particular limitation of this study was that it focused on woody species only, and 

hence, did not record changes in ground layer floristics (i.e. grasses, herbs and forbs) 

over time.  Although Johnson’s (1981, 1997) brigalow secondary succession studies 

have looked at changes in ground layer species composition, they do not report floristic 

changes in great detail.  Future studies should assess and document the dynamics of this 

layer of the system to provide for a more complete understanding of brigalow 

community development. 
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4.6.2 Structural characteristics of regrowth and remnant brigalow stands 

The structural variables that defined the most prominent gradients in the PCA 

ordination space were tree cover, shrub cover, grass cover and litter cover.  The 

secondary succession study of Johnson (1981) similarly found measurements of cover 

to be especially informative for tracing brigalow community development.  The 

independent variables (years since last disturbance, number of disturbance events and 

perimeter-area ratio) revealed significant gradients in the PCA ordination space too, 

which indicates that they had some degree of influence on the development of brigalow 

community structure. 

 

Formal investigation of relationships between the independent and dependent structural 

variables revealed that both tree cover and litter cover increased with years since last 

disturbance.  As brigalow trees grow over time and develop their canopy structure, one 

would expect their level of cover to increase.  One would also expect the level of litter 

cover to increase in brigalow communities with time, as trees grow and die, and lose 

branches, bark and leaf material throughout the course of their development.  In light of 

these results, it was not surprising to find a positive relationship between tree cover and 

litter cover.   

 

The inverse relationship observed between grass cover and years since last disturbance 

is understandable, as grass species are likely to be subject to more intensive competition 

for growth resources over time, with development of the overstorey.  Moreover, an 

increase in litter cover with years since last disturbance will act to limit the ground area 

available for grass species establishment.  The inverse relationships found between tree 

cover and grass cover, and between litter cover and grass cover, lend support to these 

explanations. 

 

Number of disturbance events was inversely related to both tree cover and litter cover.  

This result is in agreement with observations by Glenn-Lewin and van der Maarel 

(1992) who note that disturbance events tend to interrupt or redirect the course of 

vegetation succession.  In this study, tree cover was more heavily impacted than litter 

cover, with only 1 disturbance event resulting in 50% of the tree cover of a remnant 

stand, while 3 disturbance events led to 50% of the litter cover found in a remnant 

stand.  It is possible that type of disturbance, rather than number of disturbance events, 

will be more important in determining percentage litter cover.  For example, a 
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disturbance practice such as burning might completely remove litter cover from a stand, 

whereas a disturbance practice such as pulling could possibly increase the level of litter 

cover at a site.  The absence of a relationship between number of disturbance events and 

shrub cover possibly reflects the ability of brigalow to quickly colonise a site through 

the initiation of suckering, following any type and any number of disturbance events 

(Johnson 1964).  These suckers will effectively form new shrub cover. 

 

An inverse relationship was observed between perimeter-area ratio and tree cover.  In 

contrast, a positive relationship was found between perimeter-area ratio and shrub 

cover.  In agricultural landscapes, narrow linear stands with higher perimeter-area ratios 

tend to be subject to more frequent and intense interference from exogenous influences 

than stands with smaller perimeter-area ratios.  This may interfere with the development 

of vegetation structure and lead to the predominance of a shrub layer in such stands.  On 

the other hand, larger patches of vegetation, with a smaller perimeter-area ratio, are 

likely to support more diverse vegetation structures, and hence, greater tree cover.  

Indeed, West et al. (1999) found that narrow stands of brigalow vegetation tended to 

have short, dense tree and shrub layers, while wider stands displayed greater variation in 

species and structure. 

 

4.6.3 Relationships between brigalow floristic and structural variables 

Total number of woody (tree and shrub) species showed a positive relationship with tree 

cover and litter cover, and a negative relationship with grass cover.  Similarly, both tree 

cover and litter cover were found to increase with the Shannon-Weiner index.  It is 

important to point out that increasing values for total number of species and the 

Shannon-Weiner index did not reflect an increasing number and/or diversity of tree 

species, and hence, a concomitant increase in tree cover, as there were only two tree 

species observed across all study sites.  Instead, an increase in the values of the floristic 

variables tended to reflect brigalow community development over time.  It was 

mentioned earlier that with time, both tree cover and litter cover tended to increase 

while grass cover tended to decrease. 

 

4.6.4 Indicators of brigalow community development 

The linear models describing relationships between the independent and dependent 

variables revealed that years since last disturbance was the best predictor of total 

number of species, grass cover and litter cover; number of disturbance events was the 
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best predictor of Shannon-Weiner index values; while perimeter-area ratio was the best 

predictor of tree cover and shrub cover.  It is important to note though, that years since 

last disturbance was also a very good predictor of Shannon-Weiner index values and 

tree cover.  Thus, overall, years since last disturbance was considered the best indicator 

of floristic and structural development, followed by perimeter-area ratio and number of 

disturbance events.  This finding was also reflected in the PCA results.  With the PCA 

ordinations, the first axis, which explained the greatest proportion of the overall 

variation, showed the greatest correlation with years since last disturbance. 

 

While the relationships identified between the independent and dependent variables are 

sufficiently strong to inform vegetation management planning and policy development, 

these results should, however, be viewed with some degree of caution, especially given 

this study only sampled a small number of stands, based on what was actually present in 

the landscape.  As a result, limited combinations of years since last disturbance, number 

of disturbance events and perimeter-area ratio were captured.  Indeed, this particular 

limitation of the study meant that it was difficult to rigorously assess the relative effects 

of the three independent variables on brigalow floristics and structure. 

 

4.6.5 Brigalow community ecological value 

Overall, it was found that it takes longer for a regrowth stand to develop the structural 

characteristics of an undisturbed community in comparison to resuming original 

floristic composition.  More specifically, it was estimated that it would take 87, 67, 109, 

52 and 68 years, respectively, for a regrowth stand to reach 90% of the tree cover, litter 

cover, grass cover, total number of species and Shannon-Weiner index value of a 

remnant stand.  On the basis of these estimations it could be suggested that it is likely to 

take a brigalow stand at least 100 years to move from the transition phase to the steady-

state phase of succession (as defined by Peet 1992).  This supports the speculations of 

Johnson (1964, 1997), who, based on his own field observations, thought that it would 

take more than 50 years for regrowth brigalow stands to resume the structure and 

floristics of mature brigalow stands.  Importantly, these results also justify the use of 

‘100’ years since last disturbance as a nominal categorising criterion for the remnant 

stands in this study. 

   

Despite regrowth communities displaying different form and composition to remnant 

brigalow communities, this does not necessarily mean that they have low ecological 
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value.  Eldridge et al. (2003) explain that whatever the nature of woody regrowth, it is 

usually dominated by native species, so it will effectively extend the range of habitat for 

native fauna in landscapes dominated by agricultural production.  It is also important to 

recognise that different floristic and structural features will suit different sets of faunal 

species (Richards et al. 1999), therefore probably the best way to maximise ecological 

values in the landscape, with respect to both flora and fauna, will involve retention of a 

range of regrowth and remnant brigalow stands.  Indeed, the survival of some species is 

likely to depend on the existence of regrowth vegetation in Brigalow Belt landscapes 

(Evans 1996, Hoolihan and Goldizen 1998, Evans and Jarman 1999, Pople et al. 2001, 

Miles and Madden 2002, Chan and Augusteyn 2003).  Furthermore, as argued by 

Johnson (1997), the conservation of large patches of sucker regrowth is likely to be 

critical for addressing the inadequate conservation of brigalow communities in national 

parks and for re-establishing a network of brigalow communities in the heavily cleared 

Brigalow Belt, which importantly, will reduce the isolation between areas of remnant 

habitat (Eldridge et al. 2003).  It will also be important to ensure that patches of 

regrowth are retained in the landscape to replace remnant stands that suffer catastrophic 

disturbances such as disease, pest outbreaks and fire.  

 

While the ecological values of regrowth brigalow communities are apparent for a 

number of reasons, it is important to recognise, nonetheless, that some regrowth stands 

will have greater habitat or ecological value than others, depending on their condition, 

structure and quality (Eldridge et al. 2003).  For example, wider stands have been 

observed to show greater floristic and structural complexity than narrow stands (West et 

al. 1999), and hence, are likely to support a greater range of habitat types.  Management 

activities within and around regrowth communities will also be important, with factors 

such as grazing and intensity of adjacent agricultural production having a strong 

influence on community diversity and structure (House and Cook 2000).   

 

Connell and Slatyer (1977) have emphasised the importance of having knowledge about 

the likely succession model pathway that will be followed by a community, in order to 

ensure that management actions promote a desired outcome.  In the case of regrowth 

brigalow communities, which appear to follow the inhibition model, it may be 

necessary to consider practices such as thinning or selective tree removal, to speed up 

the process of floristic development and to also promote greater structural 
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heterogeneity. Other practices such as allowing for accumulation of logs and litter, or 

deliberate killing of trees to create stags, could be beneficial too (Franklin et al. 2002).   

 

While this study has provided information about the floristic and structural dynamics of 

regrowth brigalow, uncertainty still surrounds the ecological dynamics of remnant 

brigalow, and in particular, ways of maintaining the structural and floristic integrity of 

existing, fragmentary stands.  Johnson (1997) has suggested that it may, in fact, be 

necessary for humans to intervene and promote low level suckering in mature 

fragmentary stands, in order to prevent them from reverting to open shrub land.  Such 

intervention could help to ensure that canopy trees are replaced, and in turn, that the 

integrity of mature stands is retained.  Johnson (1997) has emphasised, however, that 

adequate maintenance of remnant areas will require improved understanding of their 

dynamics and of how they interact with the surrounding landscape.  This will be an 

important direction for future brigalow community research. 

 

This study focused on community structure and composition within stands of brigalow 

vegetation.  Spatial issues such as the landscape context or the regional context within 

which the stands occurred, were not explicitly analysed.  It is acknowledged, however, 

that landscape context may significantly influence brigalow community structure and 

composition.  Furthermore, for any stand of vegetation, its importance with respect to 

the recovery or maintenance of ecological value in the landscape will be related to the 

amount of that particular vegetation type that is still present (Doherty 1998).  Future 

research into the ecological values of brigalow communities would benefit from a 

consideration of broader contextual issues e.g. contribution of interpatch dispersal to 

floristic and faunal diversity (van Langevelde 1994), the significance of landscape 

connectivity (Ahern 1994), the influence of the surrounding landscape matrix on 

ecological value (Forman and Godron 1986), and the role of buffer zones in minimising 

or eliminating negative impacts on ecological value (Forman 1995). 

 

Ideally, in order to produce sound guidelines for maximising ecological values in 

landscapes dominated by agricultural production, it will be important to have 

knowledge of both vegetation structure/composition and how this specifically relates to 

the presence/abundance of different faunal groups such as birds, mammals, reptiles and 

invertebrates.  From an agricultural production perspective, it will also be important for 

future studies to assess the degree to which brigalow microhabitats might produce 
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favourable ecological outcomes for agriculture.  Little is known, for example, about the 

degree to which regrowth and remnant brigalow might provide refugia for beneficial 

insect predators and parasitoids.  It should be kept in mind, however, that brigalow 

stands may have the potential to support or enhance the activities of certain animal 

species regarded as agricultural ‘pests’ such as kangaroos, wallabies, foxes, feral pigs 

and feral cats.  Disadvantages like this need to be considered in any holistic assessment 

of the value of regrowth and remnant brigalow. 

 

It would also be useful to formally consider the impact that different types of 

disturbance practices have on brigalow composition and structure, and in turn, brigalow 

community ecological value.  Unfortunately it was not feasible to investigate this in the 

present study, due to the unique disturbance histories that each study site had been 

subject to.  Indeed, given the variable nature of brigalow vegetation management in the 

landscapes of the Brigalow Belt, it is likely to be problematic using a comparative 

mensurative experimental approach to address this issue and it will probably be 

necessary to set up a manipulative experiment. 

 

4.6.6 Floristic and structural characteristics of stands 15 years since last 

disturbance 

Stands 15 years since last disturbance were estimated to have 71%, 52%, 7%, and 53%, 

respectively, of the total number of woody species, Shannon-Weiner index value, tree 

cover and litter cover of a remnant stand.  These results suggest that stands 15 years 

since last disturbance recover the floristic characteristics of remnant vegetation 

comparatively better than the structural characteristics.  However, they also suggest that 

it may take many more years before these stands reach ‘remnant’ status, especially 

given the current definition of remnant vegetation under the Queensland Vegetation 

Management Act 1999: at least 50% of the cover, at least 70% of the height, and typical 

predominant species of undisturbed vegetation.   

 

Based on results from this study, it appears that it is too simplistic to develop legislation 

and policy guidelines primarily on the basis of stand age, or even years since last 

disturbance, given the considerable ecological value of regrowth vegetation.  A number 

of other factors need to be taken into account when determining a stand’s ecological 

value such as stand width or patch size, percentage of brigalow community cover 

remaining in the area of concern, the distance to remaining remnant stands and reserves, 
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the ability to re-establish a network of brigalow communities in the landscape, and the 

specific habitat requirements of different faunal groups.  Moreover, in the agricultural 

production landscapes of the Brigalow Belt, there are other factors that may potentially 

add to, or subtract from, the ‘value’ of brigalow stands, including the degree to which 

they minimise deep drainage (chapter 3) or the extent to which they impact on adjacent 

crop yields (chapter 2).  The final chapter of this thesis will consider a broad range of 

factors, looking at the ‘values’ that arise under different brigalow-cropping scenarios. 

 
4.7 Conclusions 
Floristic and structural characteristics of regrowth and remnant brigalow stands were 

focused on in this study, to develop understanding of brigalow community development 

and brigalow ecological value, in landscapes dominated by agricultural production.  

Brigalow communities undergoing secondary succession tend to follow the inhibition 

model with respect to their floristic development, with Acacia harpophylla being the 

dominant woody species in both young and middle-aged regrowth stands.  Structural 

development in these communities is best characterised by changes in tree cover, shrub 

cover, grass cover and litter cover, with these changes largely dictated by the growth of 

Acacia harpophylla. 

 

A considerable difference in both floristics and structure was observed between 

regrowth and remnant brigalow stands, with at least 100 years of post-disturbance 

development required before 90% of the floristic and structural characteristics of 

remnant stands will be resumed.  Nonetheless, the ecological values of regrowth stands 

at various stages of development should not be discounted, with these stands providing 

important habitat for both flora and fauna and being a key means for increasing native 

vegetation coverage in fragmented Brigalow Belt landscapes. 

 

Years since last disturbance is a useful indicator of brigalow floristic and structural 

development.  However, legislation and policy for vegetation management should 

consider factors other than brigalow stand age, or years since last disturbance, in order 

to effectively recover and maintain ecological values in fragmented landscapes.  Other 

factors that need to be taken into account include stand dimensions, the specific habitat 

requirements of different faunal groups and the particular landscape context within 

which stands occur. 

 
 



 203

Chapter 5. Integration of brigalow vegetation with       
dryland cropping: a Goethean perspective 

 

As far as I can see, most people who are drawn to Goethe’s approach to science 

recognize in it a way of understanding nature that can take them beyond the 

boundaries of what has developed as mainstream science.           
  Holdrege (2005: 46) 

 

How sad it would be, I thought, if we humans ultimately were to lose all sense of 

mystery, all sense of awe, if our left brains were utterly to dominate the right so 

that logic and reason triumphed over intuition and alienated us absolutely from 

our innermost being, from our hearts, from our souls. 
      Goodall (1999: 177) 

 

5.1 Introduction 
This chapter views brigalow-cropping systems from the perspective of the Goethean 

method, which is a qualitative approach to investigation of phenomena.  This method is 

used to develop holistic understanding of a brigalow-cropping system in Paddock 2 on 

‘Property A’, and on the basis of this understanding, to contemplate the redesign of the 

system, in a manner that is in accord with the ‘character’ of the landscape.  

 

5.1.1 The Goethean method: its relevance to the Brigalow Belt  

Land-use in the Queensland Brigalow Belt over the last century has largely been 

characterised by a desire to ‘control and conquer’ native brigalow communities in order 

to utilise the landscape for agricultural production.  This historical antagonism towards 

brigalow vegetation is captured by Johnson (1997: 359):   

 

At the time of the post-war clearing of brigalow communities…Graziers and 

farmers who had for years lived with low productivity and major management 

problems associated with the utilisation of brigalow lands and who had fought 

to clear brigalow communities with the axe, saw brigalow as the enemy and 

quite a few became passionate about getting rid of every brigalow tree.  If they 

found they needed trees at a later stage they believed they could plant them.  

This philosophy became all pervasive.      
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In recent years, however, as outlined in chapter 4, the realisation has dawned that 

brigalow vegetation has been ‘conquered’ all too successfully; resulting in 

environmental degradation and a decline in ecological values throughout the Brigalow 

Belt.  There is now a recognised need to re-think the way that we manage land and 

relate to landscapes in this region, in order to preserve their unique natural features and 

to ensure that agricultural productivity can be maintained. 

 

There exists a vast array of ideas and literature concerned with developing new 

relationships with landscapes and ecologically-sensitive styles of land management (e.g. 

Lefroy and Hobbs 1998, Passioura 1999, Sinatra and Murphy 1999, Saunders and 

Briggs 2002).  Many important lessons and insights can certainly be drawn from 

Australian Aboriginal culture: 

 

Aboriginal culture is based on country.  For highly respected places the 

Aboriginal people are that country, the Dreaming is them and that Dreaming is 

their ancestors.  You cut through it, you cut them, they feel sick, they feel sad.  

Their whole clan is affected.  That’s where all of them belong, it’s their home 

and their spirit. 
           Kajai Frank Sebastian (cited in Lennox 1998: 176) 

 

[Aboriginal] People talk about country in the same way that they would talk 

about a person: they speak to country, sing to country, visit country, worry 

about country, feel sorry for country and long for country…country knows, 

hears, smells, takes notice, takes care, is sorry or happy.  Country is not a 

generalised or undifferentiated type of place…Rather, country is a living entity 

with a yesterday, today and tomorrow, with a consciousness, and a will toward 

life.                     
          Rose (1996: 7) 

 

It is, however, beyond the scope of this science-based thesis to discuss at length socio-

cultural or anthropological aspects of natural resource management.  Hence, this 

Introduction is confined to the scientific domain.  Encouragingly though, an approach 

can be found within this domain that provides for new ways of relating to landscapes 

and nature.  This approach was developed by the German poet, playwright and natural 

scientist Johann Wolfgang von Goethe (1749-1832) and is termed ‘delicate empiricism’ 
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after the phrase that Goethe himself used to describe his unique method (Bywater 2005, 

Robbins 2005). 

 

Goethe’s scientific achievements, although largely unrecognised by mainstream science, 

were considerable (Robbins 2005).  He developed a theory of colour based on the 

observation “that colours are new formations that develop through the dialectical action 

between darkness and light” (Seamon 2005: 95).  This theory contrasted sharply with 

Newton’s theory of colour, which suggested that colours are merely entities arising out 

of light (i.e. through refraction in a prism).  Goethe also investigated anatomy, geology 

and meteorology; and paid considerable attention to plant development, coining the 

term ‘morphology’ (Magnus 1949, Seamon 2005, Simms 2005).   

 

However, many believe that it is Goethe’s unique approach to scientific investigation, 

rather than his actual discoveries, that will ensure his lasting legacy as a scientist (Wahl 

2005).  Henri Bortoft (cited in Hoffmann 1994: 80) points towards the potential 

significance of Goethe’s scientific endeavours: 

 

Instead of mastery over Nature, the scientist’s knowledge would become the 

synergy of man and Nature.  The historical value of Goethe’s work, in the wider 

sense, may be that he provides us with an instance of how this can be done.  If 

this should turn out to be the historical significance of Goethe, then our present 

science will be only a phase in the development of science. 

 

Over the last two centuries a considerable amount has been written about the Goethean 

method both in German and English (Hoffmann 1994); predominantly outside the 

mainstream scientific press.  This literature is not explored in depth in this Introduction.  

However, reference is made to key papers and texts that provide an overview of the 

nature and intent of the Goethean method; while in section 5.3, the Goethean approach 

used in this study is outlined.  The latter section provides a detailed account of the 

practical application of Goethe’s ‘delicate empiricism’.   

 

5.1.2 The nature and intent of the Goethean method 

Presently, there is a growing interest in the Goethean method, particularly amongst 

scientists who are seeking to progress beyond the mechanistic metaphors, dualistic 

rationalism and materialism that defines the Cartesian-Newtonian methodology of 
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conventional science (Wahl 2005).  In essence, the Cartesian-Newtonian approach can 

be described as one in which scientists act as detached controllers, manipulators and 

predictors of nature; think objectively on the basis of their fundamental separation from 

nature; and set about discovering knowledge of the world through quantitative analysis 

of phenomena under artificial experimental conditions, where the world of human 

experience is reduced in meaning to simple cause and effect relations (Robbins 2005).  

According to Shotter (2005: 147), conventional science “can work to separate us from 

our surroundings in such a way that we cease to experience them directly and must 

cognitively ‘work out’ what is happening around us”.  

 

While Goethe recognised the importance and power of the quantifying, analytical, 

rational approach to science used by his contemporaries (e.g. Newton), he questioned 

whether this approach was the only way to gain meaningful knowledge and insights 

about nature.  Goethe felt that in many cases, conventional science overlooked, 

obscured or even destroyed what was most precious about a living entity (Hoffmann 

1994).  Moreover, in direct contrast to Cartesian-Newtonian philosophy, Goethe did not 

perceive a dichotomy between individuals and the outer world (Robbins 2005).  He also 

tried to avoid fitting phenomena into preconceived thought categories; a tendency which 

he found all too prevalent in the domain of conventional science (Hoffmann 1994).  

Guided then, by his alternate views, he sought to think objectively on the basis of 

experiencing fundamental unity with nature.   

 

Essentially, Goethe’s approach to science, or to investigating phenomena, was 

characterised by ‘conscious-process-participation’ (Seamon 2005).  This means that he 

focused directly on the processes revealed in space and time by objects or phenomena, 

and also the relationships between these objects or phenomena and himself as the 

observer.  He sought knowledge of the world through direct experiential contact and 

used this as the basis for descriptive generalisation and synthetic understanding.  In 

practice, Goethe worked by paying focused and sustained attention to phenomena; using 

empathy, intuition and imagination as the basis for realising scientific insights (Wahl 

2005).   

 

While the conventional scientists of Goethe’s day focused on the primary qualities of 

objects and phenomena, i.e. qualities that can be measured and quantified and thereby 

transformed into mathematical models; Goethe sought awareness of secondary qualities, 
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i.e. qualities registered by our senses of sight, touch, taste and smell (Bortoft 1996, 

Bywater 2005, Seamon 2005).  It was through giving primacy to perception and by 

focusing on secondary qualities that he found objects and phenomena to become 

intelligible within themselves, without the use of external explanatory agencies (Robbins 

2005, Seamon 2005).  In essence then, Goethe sought to awaken his holistic 

consciousness through an appreciative, qualitative, meaningful and participatory 

engagement with the natural world (Seamon 2005, Wahl 2005).   

 

Given the intuitive nature of the Goethean method, and given that Goethe himself did 

not describe it in a systematic, detailed manner, there are, understandably, a number of 

interpretations of his approach (Hoffmann 1994, Wahl 2005).  One of the main 

authorities with respect to the Goethean method is the biologist and Goethean Scientist, 

Jochen Bockemühl, who developed Goethe’s approach at the Research Laboratory of 

the Goetheanum in Dornach, Switzerland (Bockemühl 1986).  Bockemühl’s methods 

have been subsequently followed and/or adapted by Hoffmann (1994) in his study of 

four Australian native plant species; by Colquhoun (1997), Vereijken et al. (1997) and 

Brook (1998) in Goethean landscape studies; and described by Seamon (2005).   

 

The Goethean method used in this chapter, to redesign land-use in a single paddock, 

was developed on the basis of Goethean approaches amenable to the analysis and design 

of landscapes.  For example, Vereijken et al. (1997) have described their approach as a 

means for understanding the ‘individuality’ of a farm as ‘a whole’, and then using this 

‘individuality’ to identify an appropriate direction for future development.   

 

In summary, the Goethean method is regarded as being complementary to, but 

incommensurable with, the Cartesian-Newtonian methodology that defines 

conventional science (Bortoft 1996, Peroff 2003).  These two different investigative 

approaches can be seen to reveal different aspects of nature; with neither approach 

being comprehensive (Bortoft 1996).  Hence, both styles of investigation are necessary 

for developing our understanding of the natural world; as is acknowledged by bringing 

them together in this thesis.  The Goethean method is, however, considered to be an 

approach that will lead to the development of a greater openness toward and more 

holistic awareness of nature, and in turn, an attitude of concern and respect (Hoffmann 

1994, Robbins 2005).   
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Hoffmann (1994: 9) suggests that “Goethe’s way of ‘nature study’ fulfils the 

contemporary need for a participatory way of knowing which is responsible for the 

thing being researched”.  It is a way of investigation that not only deepens intellectual 

understanding but also strengthens our empathy and emotional sense towards objects of 

interest (Seamon 2005).  Indeed, it is largely because of these features of the Goethean 

approach that it was deemed appropriate to trial it in the design of a brigalow-cropping 

system.  It was thought that the Goethean method might provide a foundation for 

ecologically-sensitive land-use in a landscape that has been subject to considerable 

human disturbance.  In other words, the Goethean approach was seen as a means for 

moving beyond the status quo, which has arisen through a desire to ‘conquer and 

control’ brigalow vegetation; to new land-use considerations, where native vegetation is 

appreciated as an integral feature of the landscape.  

 

5.1.3 Land-use assessment and redesign: conventional and Goethean approaches  

Often, researchers seeking to assess and redesign land-use in an area of interest, conduct 

general survey work and data collection in the usual quantitative manner of 

conventional science and then proceed to develop and model various land-use options 

on a desktop basis (Herrmann et. al. 2003, Oppermann 2003, Steiner and Köhler 2003, 

Wilson and Lowe 2003).  The options investigated are sometimes determined by what 

researchers think might produce the most ecologically or agriculturally ‘sound’ 

outcomes (Smeding and Joenje 1999); they can arise from discussions held with 

different stakeholder groups (e.g. landholders, local catchment bodies or government 

planning authorities); or they might be based on specific land-use policies, including 

targets for individual elements or features of the landscape (e.g. reducing the 

hydrological ‘leakiness’ of farming systems, retention of 30% native vegetation cover 

etc.) (Keating et al. 2002, Hessel et al. 2003, Wilson and Lowe 2003).   

 

This conventional approach to land-use redesign can be highly efficient and effective in 

terms of addressing and finding solutions for single issues, (e.g. minimisation of deep 

drainage, retention of habitat for fauna and flora) (Keating et al. 2002, Hessel et al. 

2003, Steiner and Köhler 2003, Wilson and Lowe 2003); and in some cases, it can 

tackle a range of economic, bio-physical and ecological concerns (Herrmann et al. 

2003, Oppermann 2003, Sankhayan et al. 2003, Shogren et al. 2003, Stoorvogel et al. 

2004).  However, a drawback of the conventional approach is that even though data 

collection is often undertaken within the landscape of interest, land-use redesign tends 
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to be formulated remotely (e.g. Keating et al. 2002, Steiner and Köhler 2003), rooted in 

the mechanistic, dualistic, rationalistic approach of Cartesian-Newtonian science.  When 

land-use redesign is done remotely, there is a clear dichotomy between researchers and 

the landscape.  Accordingly, there is likely to be a lesser appreciation of whether 

proposed land-use scenarios fit appropriately with the evolutionary and socio-cultural 

history of a particular area, and perhaps even, with its ecological context.  Bockemühl 

(1986: 89) reflects on limitations of the conventional approach in the following: 

 

The individual quality – and with it the effective idea of the landscape – is 

extinguished if a preconceived idea is transferred from the drawing board to 

nature.  Procedures of this kind erase the past while attempting to fix the future. 

 

Moreover, even though some conventional approaches to land-use redesign account for 

a range of economic, bio-physical, ecological and aesthetic variables, they are 

sometimes employed in a compartmentalised manner.  A compartmentalised approach 

tends to consider individual elements of the landscape as separate pieces of a puzzle that 

need to be ‘fitted together’ so as to arrive at ‘optimal’ solutions.  This process is 

arguably framed by neoclassical economic thinking, which concerns itself with the 

allocation of scarce resources amongst alternative ends, balancing benefits against costs 

in a process of optimisation (McTaggart et al. 1992).  While focusing on the attainment 

of ‘optimal’ solutions, (e.g. for production and habitat conservation), leads to the 

generation of clear, rational goals that can be easily understood and pursued by 

landholders and politicians alike; it is, necessarily, a limiting approach that restricts our 

understanding of landscapes.  The pursuit of ‘optimal’ solutions can sometimes 

overlook the enormous range of qualitative values that landscapes hold, and it can fail to 

comprehend them in dynamic, living terms. 

 

Seeking to address the personally perceived limitations of the conventional approach, 

this chapter investigated the potential for employing the Goethean method for land-use 

assessment and redesign, within the landscape of interest.  This method sought to 

consider and understand Paddock 2 (which constituted a brigalow-cropping system) as a 

‘whole’, rather than focusing on its individual elements one-by-one, or on a small sub-

set of its elements.  Moreover, it went radically beyond the usual circle of stakeholders 

who might be consulted about land-use redesign, seeking to question and discover what 

the paddock itself would ‘reveal’ as being a suitable future brigalow-cropping scenario.  
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The idea was to approach the task of landscape redesign with as few preconceived ideas 

as possible, in line with the following reflection from Bockemühl (1986: 89): 

 

The development of an individual character [for a land-use design] can be 

encouraged when one seeks its features in the present landscape scene and tries 

to discover what [the landscape] would like to happen.  In this way one is not 

working with a finished picture, but one begins to participate in the creative 

working of the idea in the context of life.   

 

Importantly, the Goethean method was employed so as to arrive at a ‘whole-of-

paddock’ understanding of the brigalow-cropping system in Paddock 2.  It was 

envisaged that the qualitative Goethean perspective would complement the quantitative 

perspectives (of agronomic, hydrological and ecological aspects of the system) obtained 

in earlier chapters.   

 

5.2 Aims 
The aims of this chapter were: 

(1) To develop an understanding and appreciation of the Goethean method;  

(2) To apply the Goethean method and arrive at a brigalow-cropping design for 

Paddock 2 on ‘Property A’; on the basis of a ‘whole-of-paddock’ perspective; 

(3) To assess the suitability of the Goethean method for landscape redesign in 

agricultural landscapes, particularly in an Australian context; and 

(4) To assess whether the Goethean method might allow landscape ecologists to 

develop greater sensitivity towards, and a greater awareness of, the landscapes they 

are working in. 
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5.3 The Goethean method 
The Goethean method was used to assess and redesign a brigalow-cropping system in 

Paddock 2 on ‘Property A’ (Figure 5.1; see chapter 2, Tables 2.3 and 2.4 for site 

details).  The method comprised a preparatory phase followed by a seven step process, 

conducted over four days in April 2006, towards the end of a summer fallow period.  

The preparatory phase and seven steps, detailed below, can be viewed as an engagement 

in different modes of perception in order to dissolve the boundary between place and 

person (Brook 1998).  The idea was to develop a deep understanding and awareness of 

Paddock 2, and on this basis, to arrive at a brigalow-cropping scenario that was 

ecologically-sensitive and relevant to the landscape under consideration.    

   

Preferably, the Goethean method should be applied to the landscape of interest several 

times throughout the year, in order to capture landscape variations with changing 

seasonal conditions.  It is also the case that the method is often employed by a group of 

people working together, rather than an individual practitioner (Seamon 2005).  A group 

approach allows for dialogue and consensus, and accordingly, verification of 

experiences and findings arising from application of the method (Cameron 2005, Wahl 

2005).   
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In this study, resource and time constraints meant that only a one-off application of the 

Goethean method was possible, it was done by an individual, and restricted to the scale 

of a single paddock.  The individualistic approach and limited temporal and spatial 

scope of the study was, however, deemed appropriate given that the key aims of this 

chapter were firstly, to develop an understanding and appreciation of the Goethean 

method and secondly, to trial its application in an Australian agricultural landscape. 

 

To ensure, as far as possible, that findings from the earlier chapters and any previous 

conceptions about potential brigalow-cropping scenarios did not influence the 

application of the Goethean method, in the weeks leading up to its use in Paddock 2, I 

immersed myself in Goethean literature.  I made a concerted effort to focus on the 

practice of the Goethean approach but without thinking specifically about the paddock 

of interest.  A trial of the Goethean method was also done in a local park in Brisbane to 

get a feel for its application.  In addition, when the method was actually used in 

Paddock 2, meditation exercises were performed where necessary, to clear and still the 

mind. 

 

Method details 

Day one 

Preparatory phase: The ‘first impression’  

The aims of the preparatory phase were to develop a ‘fresh vision’ (Hoffmann 1994) of 

Paddock 2 and to establish a foundation for detailing and then redesigning the paddock 

at later stages of the Goethean process.  The preparatory phase involved walking slowly 

around the whole paddock; being completely open to and aware of the forms, colours, 

sounds and sensations arising from the landscape.  It was important to be aware of the 

paddock as ‘a whole’ but also the differentiated areas and boundaries within the 

‘whole’.  After the walk, the paddock experience was recorded from memory in 

whatever medium seemed most appropriate at the time (e.g. simple descriptive 

statements, colour ‘mood map’ representing the inner mood of the place) (Colquhoun 

1997).  Essentially, the aim was to record a naïve description of what was seen, smelt, 

heard or otherwise experienced when encountering the paddock as ‘a whole’ (Hoffmann 

1994, Vereijken et al. 1997).  Importantly, 14 months had passed between the last 

experimental work done in Paddock 2 and the use of the Goethean method in the same 

place.  This helped me to look at the landscape anew and arrive at a qualitatively-based 

‘first impression’. 
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Day two 

Step 1: Detailed description – the present and past 

This step involved assembling and contemplating a detailed dataset about the present 

and past character of Paddock 2, based on personal observation, conversations with the 

landholder and historical aerial photographs.  Data collection based on personal 

observation was done on day two, while data collection from other sources had been 

done prior to the application of the Goethean method.  These various sources 

contributed to building up a ‘picture’ of the place.     

 

Personal observation involved ‘exact sense perception’.  This meant that anything that 

could be experienced with the senses (e.g. sounds, smells, hot/cold air currents) was 

recorded but without the use of personal judgement or evaluation (Hoffmann 1994, 

Colquhoun 1997, Wahl 2005).  The idea with using ‘exact sense perception’ was to 

bring about greater engagement with the landscape and effectively let it ‘speak for 

itself’ (Brook 1998).   

 

Bortoft (1996) and Seamon (2005) have emphasised that in working in the manner of 

Goethe, a person must be active in their seeing; they must not simply observe a visual 

impression but literally pay attention, so they see with intention.  Similarly, Cameron 

(2005) has highlighted that it is important that one does not simply record details about 

the object of interest, but rather, records details from actual experience of the object.  In 

order to do this effectively, Seamon (2005) recommends that the following questions be 

kept in mind when applying the Goethean approach: 

 

• What do I see? 

• What is happening? 

• What is this saying? 

• How is this coming to be? 

• What belongs together? 

• What remains apart? 

• How does this belong together with itself? 

• Is it itself? 

• Can I read this in itself? 
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One technique that can be used to improve the effectiveness of Goethean observation is 

to momentarily ignore prior knowledge and avoid the use of scientific language in one’s 

descriptions.  Seamon (2005) has argued that this technique is quite important as 

scientific concepts cannot be directly experienced.  Brook (1998) has suggested that by 

momentarily letting go of learned classifications we can free ourselves to discover new 

elements in the relationships held between different aspects of the landscape.  This does 

not mean that conventional scientific knowledge is eschewed altogether, but rather, that 

it is viewed as one type of understanding; it is not regarded as being superior to direct 

experience, which Goethe considered to be an equally valid approach to developing 

insights about phenomena.  Ultimately, all interpretations, both conventional and 

unconventional, can be considered useful in building up a picture of a landscape (Brook 

1998). 

 

Information collected during step 1 was recorded as field notes and photographs.  

Hoffmann (1994) has pointed out that in principle, there is no limit to the amount of 

data that can be collected.  He advises, however, that a vast accumulation of data is 

unnecessary, with it being more important to be as precise and systematic as possible in 

detailing the object of interest.  The goal is to move from an inchoate ‘first impression’ 

to an appreciation of the object that is more established and firm.   

 

Step 2: Exact sensorial imagination 

This step involved using one’s imagination in a systematic manner in order to develop 

awareness and understanding of the dynamic temporal dimension of Paddock 2.  In 

particular, imagination was used to perceive the paddock moving through its history, to 

its present, and then into its future.  Seamon (2005: 92) has described this step as being 

“simultaneously outer and inner as well as perceptual and cognitive…[re-experiencing] 

perceptual seeing but [doing] it in my mind’s eye”.  According to Robbins (2005: 120) 

exact sensorial imagination can be regarded as “a refinement of the natural process of 

perception, which is already infused with memory and the imaginative projection of 

future possibilities”. 

 

The idea behind using exact sensorial imagination was to try and experience the 

landscape as if living in its flowing processes or changing forms, rather than simply 

observing its present-day static representation (Brook 1998).  By connecting within 

ourselves what is already connected within an object or landscape, we can increase our 
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understanding of the relationships between its different qualities or components 

(Hoffmann 1994), and hence, deepen our connection with what we are observing 

(Bortoft 1996, Holdrege 2005).  Based on data collected in step 1, Paddock 2 was 

visualised in as much detail as possible.  Given that this was an inner cognitive process, 

it was not formally recorded.   The significance of step 2 was that it promoted the 

development of a receptive and intuitive space within the mind that would allow the 

paddock to reveal its ‘essential nature’ in the steps that followed (Cameron 2005). 

 

Day three 

Step 3: Seeing in beholding 

The aim with this step was to “suspend active perception and, as much as possible, only 

receive” (Wahl 2005: 64), in order to encounter Paddock 2 with a completely open 

mind.  Effectively, this meant that the landscape was given an active role whereby it 

could articulate its own gesture to the observer without becoming the subject of 

theoretical manipulations (Hoffmann 1994, Brook 1998).  Allowing a landscape or 

object to reveal itself in this way can often provide for a sudden flash of insight, as one 

encounters its identity or ‘essential nature’ (Vereijken et al. 1997, Brook 1998, Wahl 

2005).  Hoffmann (1994) has explained that this step allows for a vague, undefined 

‘first impression’ to become meaningful and to take on a more formed expression.  

Essentially, this step invites inspiration to reveal the ‘gesture’ of an object or landscape 

(Brook 1998).  The outcome of this step was expressed in whatever medium seemed 

most appropriate at the time and which sounded forth Paddock 2’s ‘expression’ (e.g. 

words or ‘gesture’ drawing). 

 

Step 4: Being one with the object 

Don’t look for anything behind the phenomena; they themselves are the theory. 
             Goethe (cited in Bortoft 1996: 71) 

 

This step directly flowed from the previous ones and involved holistic appreciation of 

the form of Paddock 2.  More specifically, the idea was to combine perception (step 1), 

imagination (step 2) and inspiration (step 3), and use one’s intuition so as to come to 

know the paddock ‘from the inside’, and on this basis, to feel responsibility for its future 

land-use direction (Hoffmann 1994, Cameron 2005).  According to Brook (1998), 

‘being one with the object’ allows a person to appreciate the content or meaning of the 

object’s form as well as the form itself.  Hoffmann (1994) has explained that step 4 
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corresponds with what Goethe called the ‘pure phenomenon’; it reveals the ‘creative 

potency’ or ‘theory’ of the object of interest.  Thus, the intuitive perception arising from 

this step was recorded in whatever medium of human creativity best captured the potent 

meaning of the paddock (e.g. words or abstract drawing).   

 

On the basis of the steps outlined above it can be understood that the Goethean method 

involves moving through different ways of thinking, i.e. active perception, imagination, 

inspiration and intuition; with steps 2, 3 and 4 being dependent on those that precede 

them.  Many Goethean studies often end with step 4, after arriving at the ‘theory’ of 

their object of interest.  However, Goethean landscape studies such as this one, which 

seek not only to comprehend the expression and understand the nature of a particular 

landscape, but to use this qualitative awareness for landscape redesign, entail further 

steps.   

 

In this study, the approaches of Colquhoun (1997) and Brook (1998) were followed and 

three additional steps were worked through in order to produce a brigalow-cropping 

design for Paddock 2.  These steps mirrored the third, second and first steps of the 

Goethean method, as outlined below.     

 

Day four 

Step 5: Seeing in beholding 

Active perception was once again suspended to allow Paddock 2 to articulate how its 

brigalow-cropping pattern could be potentially redesigned.  The outcomes of this step 

were recorded in words that captured the key elements of what the paddock was 

‘expressing’.  

 

Step 6: Exact sensorial imagination 

Imagination was used for a second time, to perceive Paddock 2 moving through its 

history; from its past, into the present and through to the future.  Particular attention was 

paid to the future, with different brigalow-cropping designs tried out in the imagination 

in order to determine which of these could ‘grow’ most suitably in the paddock, given 

its preceding development.  Basically, the purpose of this step was to get a sense of 

what may or may not be suitable land-use change (Colquhoun 1997). 
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Step 7: Detailed description – the future 

The last step was concerned with finalising a new brigalow-cropping design for 

Paddock 2.  It involved arriving at exact specifications for the paddock’s various land-

use elements. 

 

5.4 Results 
The outcomes of each step of the Goethean method are presented below; revealing the 

thoughts, feelings, impressions and expressions that led to the development of the 

Goethean brigalow-cropping scenario. 

 

Day one 

Preparatory phase: The ‘first impression’  

The ‘first impression’ of Paddock 2 was recorded in words (below) and also as a mood 

map (Figure 5.2): 

 

Paddock waiting with stoic solemnity – 

Anticipation whispered through the trees. 

 

A biospheric dome of non-angularity  

Revealing spatial and temporal transition. 

 

A wounded, tired, grieving Heart – 

Surrounding resounding stillness… 

 

And yet – pulses of Life emerge  

Projecting strength beyond their form. 
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When gathering the ‘first impression’ my mind moved forward, at times, to later steps 

of the Goethean process.  I had to consciously hold the mind back and keep reminding 

myself what this part of the process was about.  In practice, this preparatory phase 

proved to be a demanding cognitive exercise as it involved engaging the senses in a 

heightened manner for 3–4 hours in order to gather a strong ‘first impression’ of 

Paddock 2.   

 

The overwhelming impression was of the paddock ‘waiting’ with ‘stoic solemnity’, as 

illustrated by the large grey-blue area in the mood map.  It also seemed to be ‘waiting’ 

with ‘anticipation’, as ‘whispered through the trees’, perhaps for future clearing of the 

brigalow vegetation or the planting of the next agricultural crop.  A machine used for 

clearing native vegetation was heard operating in the distance and this noise lent an 

eerie feeling to the landscape scene.   

 

Despite the fact that Paddock 2’s boundaries are quite angular, curved, organic lines 

rather than straight, angular lines were revealed to the eye, as depicted in Figure 5.2.  

My eyes were frequently drawn towards the sky and the paddock almost seemed like it 

was held in a ‘dome’, encasing a little ‘biosphere’.   

 

A number of transitions were observed in Paddock 2, for example, brigalow stands at 

various stages of development; a change in soil and vegetation composition moving 

from west to east; and differences in the ‘liveliness’ and ‘mood’ of the vegetation stands 

forming boundaries around the paddock’s perimeter.  In particular, the eastern 

vegetation boundary had a much lighter, happier, livelier mood than the other vegetation 

boundaries.  The southern boundary, with its eastern end jutting into the paddock and its 

western end set back slightly, revealed an abrupt change in mood.  The eastern end of 

the southern boundary was perceived as being quite lively, however the western section 

was relatively quiet and still.  The northern boundary was somewhat lively, while the 

western boundary had little pockets of liveliness but also a sense of quietness and 

stillness.  These characteristics were conveyed through differential colouring of the 

vegetation stands in the mood map (Figure 5.2).   

 

The remnant stand in the middle of Paddock 2 revealed itself as the ‘Heart’ of this 

particular landscape.  Although this stand looked strong and healthy from a distance, at 

close range the ‘Heart’ projected a sense of being ‘wounded’ and ‘tired’, with its life 
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beat gradually slowing down.  It also seemed to be ‘grieving’, perhaps experiencing a 

sense of loss in terms of the vegetation that had once surrounded it.   

 

There was an over-riding impression of ‘stillness’ over most of the paddock, 

particularly in the cultivation area.  However, ‘pulses of life’ were also evident.  These 

‘pulses’ were apparent in the regrowth stands that defined Paddock 2’s boundary and 

also in the young brigalow suckers that had emerged in the cultivation area. 

 
Day two 

Step 1: Detailed description – the present and past 

The detailed description process took approximately 6.5 hours, beginning early morning 

and working through until late afternoon, with a few short breaks taken throughout this 

time period to rest the mind and re-sharpen the senses.  Data was collected for each 

vegetation stand in Paddock 2 and also for the cultivation area as a whole.  It was found 

that when one ‘looks with intention’ at a landscape, an incredibly extensive and 

descriptive dataset can be collated.  Indeed, a consequence of this step was easy recall 

of the different features of the paddock the following day, even at a fine scale.  The 

sizeable dataset collected for this step is documented in Appendix 4. 

 
Step 2: Exact sensorial imagination 

At the end of day two, approximately 15 minutes were devoted to exact sensorial 

imagination.  Temporal change was firstly visualised for Paddock 2 as a whole, based 

on memories of historical aerial photographs.  Temporal change was then visualised for 

separate sections and individual elements of the paddock (e.g. changes in the cultivation 

area with fallow and cropping cycles, patterns of growth and development in the 

brigalow stands).   

 

This step was challenging, not only because it involved using the mind in an 

unconventional manner but also because the brain was tired after a day of intense field 

observation and data collection.  In addition, visualising temporal change over the 95 ha 

area of Paddock 2, with its different land-use elements, proved to be a demanding task.   
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Day three 

Exact sensorial imagination was practiced again for approximately 10 minutes at the 

start of day three.  This allowed for a smoother transition into steps 3 and 4 of the 

Goethean method.  

 

Step 3: Seeing in beholding 

Before undertaking steps 3 and 4, I was somewhat apprehensive as to whether these 

stages of the Goethean process would produce meaningful outcomes.  However, in 

practice, I was delightfully surprised by the relative ease with which inspiration 

emerged (step 3) and intuition came to the fore (step 4). 

 

I began step 3 positioned by the stand of remnant brigalow in the middle of Paddock 2 

(i.e. the ‘Heart’).  From this stand I slowly walked out to, and around the cultivation 

area, allowing myself to be an empty receptacle into which inspiration from the 

landscape could freely pour.  The following thoughts were jotted down as I wandered 

around: 

 

Old, undulating Bed of Soil 

Carrying the vegetative memory 

Open, bare, grey, exposed –  

Lying in state – as it awaits –  

The next disturbance. 

 

Profound silence in this open space 

Save the buzzing of persistent flies – 

They that linger ‘round corpses 

Their activity – heartless contrast 

To Death Bed’s stillness. 

 

Young trees – respectful mourners – 

Surrounding the solemn scene. 

With vitality and strength beyond their years 

‘Tis their duty – 

To mark the Brigalow legacy. 
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And there’s a lively rabble of spectators 

Gathered at the bottom of the site. 

Down by the watering hole 

They seek light relief 

And reminisce about old times. 

 

But spare a thought for the Landscape’s Heart 

Oh such aching and pain – 

Dishevelled and weary, losing form, 

Wondering how to survive 

The great land-use change. 

 

Yes, the machinery and exotic plants – 

Come winter, will drive and thrive again. 

And stake their claim on foreign soil – 

Another nail  

In the Brigalow coffin? 

 

No – grieve but for a moment, 

To new life, the Landscape gives rise. 

Bold suckers push through – 

Reclaiming, while exclaiming: 

“We want co-existence!” 
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Step 4: Being one with the object 

I deliberately took a break between steps 3 and 4 and visited another part of ‘Property 

A’.  This break allowed for a change in focus and facilitated a shift from the 

inspirational mode of perception used for step 3, to the intuitive mode of perception that 

was required for step 4.   

 

Step 4 was begun by positioning myself adjacent to the ‘Heart’ stand.  Then I slowly 

walked out to and around the cultivation area, writing down an intuitively-derived 

response as I went: 

 

Lying open, exposed 

In vast Body of Land – 

Heart needs repair. 

 

Draw forth young veins 

Reinstate old circuitry – 

Let Native rhythms 

Pulse through Landscape 

Again. 

  

After recording the above, I returned to and sat in the ‘Heart’ stand, where I completed 

step 4 with an abstract drawing (Figure 5.3).  This drawing sought to capture the wishes 

of the ‘Heart’.  
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Day four 

Step 5: Seeing in beholding 

I entered Paddock 2 at its south-west corner and walked around its entire area slowly, 

relying on inspiration to produce the following: 

 

Shroud my western entrances 

Let my secrets unravel slowly, 

May one catch their breath –  

As they behold my Heart. 

 

Extend arm of south-eastern border 

Let it meet and greet the south-western, 

And in areas vast and bare – 

Let organic organs arise. 

 

Number of organs? Let’s see… 

A dozen would do just fine, 

For Heart to beat to borders 

And borders to bounce energy back. 

 

My playful eastern foot-end 

That dangles by the creek, 

Wants more space to splash about 

Let it be to the watering point. 

 

Unusual northern boundary 

With soil and vegetation change –  

Extend its width, either side, 

Recognising its diversity. 

 

And Heart – beautiful yet worn – 

Requires strength and fortification, 

Encase behind a generous boundary 

So no intruders venture past. 
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Step 6: Exact sensorial imagination 

The ideas for brigalow-cropping redesign, expressed fluidly during step 5, were ‘tried 

out’ for Paddock 2 using exact sensorial imagination.  On the basis of this exercise it 

was determined that one western access/entrance to the paddock should be for small 

vehicles and the other for larger agricultural machinery.  It was difficult, however, to 

visualise exactly where the ‘organic organs’ (i.e. patches of brigalow regrowth) should 

be positioned in the paddock, and whether twelve ‘organic organs’ would be 

appropriate.  The other ideas for brigalow-cropping redesign, namely: increasing the 

width of the southern vegetation stand at its western end, increasing the width of the 

eastern vegetation stand, increasing the width of the northern vegetation stand, and 

establishing a fenced buffer around the ‘Heart’ stand, seemed to fit appropriately with 

the temporal evolution of the paddock. 

 

Step 7: Detailed description – the future 

Paddock 2 was surveyed for a final time in order to arrive at exact specifications for the 

Goethean brigalow-cropping scenario (Table 5.1).  In particular, specific widths were 

determined for the access areas on the western side of the paddock, for the extension of 

the vegetation stands, and for a boundary around the ‘Heart’ stand.  It was also 

determined that six ‘organic organs’ would be more appropriate than twelve.  The 

‘organic organs’ were sited and sized according to where groups of young brigalow 

suckers were already regrowing in the cultivation area.  A map of the Goethean 

brigalow-cropping scenario (termed ‘Goethean now’) is provided in chapter 6, Figure 

6.7. 

 

 

Table 5.1: Land-use specifications for the Goethean brigalow-cropping scenario 

Land-use feature Adjustment/specifications 
South-western access  Make 10 m in width 
North-western access  Make 30 m in width 
Southern vegetation stand Increase the width of the western end of the stand so that it aligns with 

the eastern end  
Eastern vegetation stand Extend width by 70 m 
Northern vegetation stand Extend width by 20 m 
‘Heart’ stand Establish a 10 m fenced buffer 
‘Organic organs’ Establish 6 new patches of brigalow regrowth in the cultivation area, 

with areas between 0.05–0.08 ha 
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5.5 Discussion 
The Goethean method used in this study for landscape assessment and redesign aimed 

to arrive at holistic, qualitative understanding of a brigalow-cropping system within a 

defined space, i.e. Paddock 2.  Working as an individual, I found it to be a demanding 

task applying the method over the 95 ha area of the paddock.  The scale of agricultural 

practice in Australia is markedly different to that of Europe – where the Goethean 

method has been principally developed.  In European agriculture, 10–100 ha is regarded 

as farm scale and 100–1000 ha is considered landscape scale (Smeding and Joenje 

1999).  In contrast, the total area of ‘Property A’ was approximately 4410 ha, and as 

mentioned above, Paddock 2 alone was 95 ha.  Accordingly, when applying the 

Goethean method to larger landscape scales in Australia, it is advisable to work with a 

team of people rather than as an individual.   

 

Given that the Goethean approach relies heavily on direct experience of objects or 

landscapes in order to develop knowledge and understanding, it is certainly possible for 

a diverse group of people to use it, with these people coming from both scientific and 

non-scientific backgrounds.  If people from a range of backgrounds are assembled to 

work through the method, this is likely to enrich and strengthen the qualitative insights 

that can be gained.  This has been the case with Goethean landscape studies reported by 

Colquhoun (1997), Vereijken et al. (1997) and Brook (1998).  Furthermore, Wahl 

(2005) has suggested that people who work in the manner of Goethe, using imagination, 

direct insight and intuition in scientific enquiry, must be willing to put their findings 

through a peer or community review system in order to establish the validity of their 

approach.  This review system should aim to reach consensus with respect to qualitative 

insights in the same way that those practicing conventional science attempt to arrive at 

consensus with respect to their quantitative findings.   

 

An example of how such a review process might work has been provided by Brook 

(1998) who worked with a group of people in applying the Goethean method to a     

24.3 ha parcel of land near Edinburgh, Scotland.  This group, from a range of 

disciplinary backgrounds, shared their experiences and insights following key steps of 

the Goethean process.  Group sharing of ideas helped to uncover generalisations about 

the character of the landscape and how it could be developed for human use.  Brook 

(1998) notes, however, that conformity pressures and the adoption of habitual roles by 

different people, can sometimes meddle with the attainment of group consensus. 
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A particularly important consideration when applying the Goethean approach in 

agricultural landscapes is the inclusion of landholders in the process.  Vereijken et al. 

(1997) emphasise that landholders have both contributed to the present ‘identity’ of 

their property and they will need to accept and work with any new ‘identity’ that might 

emerge.  Thus, gathering their input and allowing them to freely express their ideas, 

feelings and future plans, should be seen as an important part of landscape redesign 

(Colquhoun 1997).  Unfortunately, in this study, time constraints did not allow the 

Goethean-based brigalow-cropping design to be developed in conjunction with the 

landholder.  The design for Paddock 2 was based on an individual researcher’s 

understanding of what the paddock itself ‘revealed’ as being a suitable future land-use 

scenario.  Interactive, participatory land-use redesign should certainly be encouraged 

with future applications of the Goethean method.   

 

It is acknowledged, however, that some landholders and indeed, many scientists, may 

not feel comfortable with the Goethean approach, given its unusual nature.  In such 

cases it may be useful to consider introducing or applying it in a modified form.  For 

example, although the names for the steps of the Goethean process have been carefully 

developed so as to accurately summarise what takes place; they could, perhaps, be 

expressed in plain-spoken language that reflects the type of thinking or mode of 

cognition that is used.  ‘Seeing in beholding’ and ‘being one with the object’, could be 

respectively titled ‘using inspiration for understanding’ and ‘using intuition for 

understanding’, for instance. 

 

One advantage of landholder participation that was noted in this study, (despite the 

landholder not being involved with land-use redesign per se), is that landholders can be 

an important source of local knowledge regarding the landscape of interest.  In 

particular, they can provide information about original vegetation types, major natural 

disturbance events, as well as land development and land-use history.  Such details can 

support the practice of ‘exact sensorial imagination’, thus enabling Goethean 

practitioners to more easily assess what land-uses and land developments are likely to 

fit appropriately within the landscape. 

 

When applying the Goethean method in agricultural landscapes one should also bear in 

mind that individual paddocks are part of a broader property landscape, and individual 

properties are part of a broader catchment landscape.  This study, because it was 
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primarily focused on trialling the Goethean method, did not account for landscape 

scales beyond Paddock 2.  However, Goethean practitioners should be aware of human 

management and ecological influences that come from higher landscape scales, and 

account for these influences in land-use redesign where appropriate.   

 

It is also important that the Goethean method is applied in a relatively fluid manner, 

depending on the problems presented by a particular landscape, the issues that 

landholders might be seeking to address, and the challenges encountered when 

implementing the approach.  For instance, in this study it was found that step 2, which 

involved ‘exact sensorial imagination’, needed to be practised twice in order to lay an 

appropriate foundation for steps 3 and 4 of the process.  Brook (1998) suggests that one 

should avoid slavish adherence to a particular Goethean approach, using the Goethean 

method more as a framework within which it is possible to respond to whatever the 

nature or needs of a landscape might be.  The aim should be to redesign a farm or 

paddock so that it is, as far as possible, agreeable to both the landscape of interest and 

the landholders who live and work there (Vereijken et al. 1997). 

 

Another important consideration is the seasonality of landscapes.  In this study, the 

Goethean method was only employed once in the landscape of interest, at the end of a 

summer fallow period.  Certainly, Paddock 2 would look quite different during the 

middle of a winter cropping period.  Moreover, dry and wet seasons will respectively 

accentuate different landscape features or aspects.  These different ‘faces’ of Paddock 2 

could potentially give rise to different results. 

 

Ideally then, in seeking to arrive at a land-use design that best fits with the ‘character’ of 

a particular landscape, one should ‘sample’ the landscape’s temporal variability.  In 

other words, the Goethean method should be applied at different times throughout the 

year and under different seasonal conditions.  The information collected on a number of 

different occasions could be amalgamated in a multi-layered land-use map, with the 

different map layers showing the different land-use design proposals arising from each 

application of the Goethean approach.  This map could be used to determine which 

land-use elements are likely to fit appropriately within the landscape of interest, in both 

time and space. 
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The psychological and philosophical aspects of the Goethean approach are certainly 

interesting but cannot be explored in depth here.  Indeed, these topics would form the 

basis of an entire thesis!  A few brief comments will be made, nonetheless, particularly 

in light of application of the Goethean method in this chapter.   

 

When working alone, without an opportunity for using group consensus, it is difficult to 

determine the extent to which the practice of the Goethean method actually reveals the 

‘character’ of a landscape, rather than simply bringing to the fore preconceived ideas, as 

held by the sub-conscious mind.  For example, in the Goethean study in this chapter, the 

landscape was described in an anthropomorphic manner (see Results for ‘first 

impression’ and steps 3, 4 and 5).  This anthropomorphic portrayal leads to a 

consideration of the paradox central to the Goethean method, as identified by Brook 

(1998: 67):  “Either the phenomenon is socially/culturally constructed and there is no 

firm ground, no one correct interpretation beyond that, or there is a reality which our 

flawed human interpretations can never accurately reach.” 

 

It is difficult to evaluate the application of the Goethean approach with respect to this 

paradox, as it is near impossible to discern personal or arbitrary interpretations of 

phenomena from more fundamental interpretations or meanings.  In other words, there 

is no way of ‘knowing’ whether the anthropomorphic portrayal of a landscape, as done 

in this study and also studies by Vereijken et al. (1997 and Colquhoun (1997), actually 

reflects the landscape’s true ‘character’.   

 

Undoubtedly, one’s education and training, life experiences and personal interests will 

influence which aspects of a landscape are identified and focused on, and how these 

aspects are subsequently portrayed.  What the Goethean method offers, nonetheless, is a 

systematic means for deautomatising the intellectual mind and transforming one’s 

consciousness (Bortoft 1996).  In this way, a person can arguably engage with a 

landscape and understand it in a holistic sense that is not ordinarily accessible using 

conventional scientific methods. 

    

The usefulness of the Goethean method for landscape assessment and redesign can, 

however, be questioned, in the sense that if one of the aims of the approach is to deepen 

an individual’s understanding and appreciation of a particular area, it can be difficult to 

see how this might have practical outcomes or application.  Hoffmann (1994) has 
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considered such issues and notes that although deep understanding and appreciation are 

often personal matters, they are vital in terms of enriching our relationship with nature 

and leading us to more responsible land-use decision-making.  Indeed, in this study it 

was found that the Goethean method allowed for a richer qualitative awareness of a 

brigalow-cropping system, than obtained through using conventional scientific methods.  

This level of awareness gave rise to brigalow-cropping design ideas for Paddock 2 that 

may not have emerged through using a conventional approach to land-use redesign.    

 

In an agricultural context, arguably the greatest assets of the Goethean approach are that 

firstly, it can allow individuals to become aware of a parcel of land as ‘a whole’ that has 

a sense of ‘individuality’ (Vereijken et al. 1997); secondly, it can lead individuals to 

more creative ideas about future land-use possibilities (Hoffmann 1994, Colquhoun 

1997); and thirdly, it can help to engender a more ecologically-sensitive attitude 

towards land management; the latter being particularly important in fragmented 

agricultural landscapes where ‘natural’ areas need to be actively maintained.  In 

summary, the Goethean approach can allow researchers to step outside the bounds of 

conventional science and arrive at land-use designs based on a fluid manner of thinking 

and a qualitative ‘whole-of-landscape’ perspective that is not habitually utilised in the 

practice of conventional scientific research. 

 

However, despite the unique features of the Goethean method employed in this chapter, 

it was uncertain how a brigalow-cropping scenario arising from its application might 

differ to brigalow-cropping scenarios derived from a more conventional approach.  

Furthermore, it was open to question whether the Goethean scenario was likely to be 

‘better’, ‘worse’ or indifferent to the status quo or to brigalow-cropping scenarios 

formulated in a more conventional manner, in terms of realising economic and 

ecological objectives.   

 

To address the above questions, in chapter 6, the potential impact of the Goethean 

scenario is evaluated with respect to agronomic, hydrological and ecological outcomes.  

These outcomes are compared to similar outcomes arising from the status quo and four 

conventionally-derived land-use scenarios.  The degree to which the Goethean scenario 

arrived at here is in accord with current agronomic/hydrological/ecological knowledge, 

and the extent to which it might be considered acceptable by landholders, is also 

considered in the next chapter. 
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5.6 Conclusions 
The Goethean method is cognitively demanding and complex, with many nuances to its 

application.  Quite possibly, it will appear odd, and perhaps ambiguous, to many 

scientists who have undergone strict schooling in conventional science.  Such 

perceptions are likely to be due to the reliance on imagination, inspiration and intuition, 

as a basis for arriving at new insights and developing greater awareness of objects or 

landscapes of interest.  While the Goethean method may not appear to be a rigorous 

investigative approach, if it is employed with diligence and, where possible, makes use 

of a group consensus process, then useful and novel insights can be arrived at regarding 

the landscape as a ‘whole’. 

 

Key lessons learnt from the application of the Goethean method in this chapter, 

particularly in relation to Australian agricultural landscapes, were as follows: (1) it is 

best to apply the method with a team of people, including landholders; (2) it is advisable 

to use group consensus to validate qualitative insights; (3) human management and 

ecological influences from broader landscape scales should be acknowledged and 

accounted for, where appropriate; (4) the temporal variability of the landscape of 

interest should be ‘sampled’; and (5) the Goethean method should be employed with a 

degree of flexibility, depending on the problems presented by a particular landscape, the 

issues that landholders might be seeking to address, and the challenges encountered 

when implementing the approach. 

 

Arguably, one of the greatest advantages of the Goethean approach is that it provides 

for a sensitive approach to landscape analysis that cannot be achieved, to the same 

degree, through the application of conventional scientific methods.  The Goethean 

method should not, however, be seen as being in opposition to, or as a substitute for, 

quantitative science.  Instead, it should be viewed as an approach that is complementary 

to conventional, reductionist science, in the way that Goethe intended. 
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Chapter 6. Integration of brigalow vegetation with 
dryland cropping: land-use scenario analysis 

 

What I’m hoping is that when we find this planet that has all the vegetation on it, 

that they let no agriculturalists go there.  That they design a system of 

conservation and management, and what they’re going to do with it before they 

release anyone.  And then when they’ve got the plan you can go in. 
                       B. Johnson, pers. comm. 13 November 2002 

 

Incorporation of regrowth into the management cycle…will demand imaginative 

and novel ways of managing land...            
          Eldridge et al. (2003: 20) 

 

6.1 Introduction 
In Chapter 1, this PhD study was described as a “multidisciplinary landscape ecology 

study” (p. 2).  According to Forman and Godron (1986), landscape ecology is 

concerned firstly with understanding structure, function and change in landscapes; and 

secondly, with the application of this understanding in the forming and solving of 

landscape-related problems.  In line with this definition, chapters 2 to 5 of the thesis 

were concerned with understanding structure, function and change (or processes) with 

respect to brigalow-cropping systems in the Tara Shire.  This final chapter of the thesis 

is focused on the application of this knowledge in land-use scenario analysis, in order to 

arrive at recommendations for the design of brigalow-cropping systems that will allow 

for the pursuit of both ecological and economic values. 

 

This study can be put into further context with reference to van Langevelde (1994), 

who, in reflecting on landscape ecology, suggests that it is a field of research that 

demands contribution from, and interaction between, a range of disciplines.  He 

emphasises that a multidisciplinary approach is essential because problem solving at the 

landscape scale demands an understanding of how complex landscapes originate, how 

they currently exist and how they will change over time.  Moreover, in areas where 

there are multiple land uses, or integrated land-use systems, van Langevelde (1994) 

suggests that it is important to understand the pattern and function of each particular 

land use.  Such understanding can only come about through using a multidisciplinary 

approach.   
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In general, disciplinary integration, or multidisciplinary research, is seen as increasingly 

important in landscape ecology studies (Bastian 2001, Wu and Hobbs 2002, Tress et al. 

2003a).  Multidisciplinary research methods are favoured because they can address both 

the dynamic and multi-scale nature of landscapes (Antrop 2003); allow for simultaneous 

investigation of various environmental, social, cultural, aesthetic and economic issues 

that arise from landscape-related problems (Tress et al. 2003b); lead to more holistic 

solutions to environmental problems, as opposed to the fragmentary solutions that often 

accompany overspecialised research approaches; and assist with closing the oft-wide 

chasm between theory and practice (Bastian 2001).   

 

This thesis, in taking a multidisciplinary approach, has developed knowledge about 

agronomic (chapter 2), hydrological (chapter 3) and ecological (chapter 4) 

characteristics of brigalow-cropping systems.  It is acknowledged that the three 

disciplines: agronomy, hydrology and ecology, do not provide for, or represent, a 

complete assessment of all structures, functions and processes associated with brigalow-

cropping systems.  These three disciplines have, nonetheless, provided insight into some 

of the key components of these in-situ tree-crop configurations.   

 

Significantly, the multidisciplinary approach taken in this thesis was extended beyond 

the domain of conventional, quantitative science, to encompass the Goethean method.  

Application of the Goethean method provided for a ‘whole-of-landscape’ appreciation 

of a brigalow-cropping system (at the paddock scale) in qualitative terms.  This 

qualitative understanding allowed for a novel view or conceptualisation of the landscape 

of interest, and in turn, provided inspiration for land-use redesign. 

 

Integration of quantitative and qualitative information, as done in this thesis, and 

particularly, in this chapter, acknowledges the balance that is required between 

analytical and intuitive ways of knowing, if one’s aim is to develop a rich awareness 

and understanding of landscapes.  Peroff (2003) suggests that research activities should 

not be confined to consideration of things that can be quantified and measured, or to 

intuitive and impressionistic accounts only.  It is valuable and important to bring 

together both quantitative and qualitative scientific approaches, in order to enhance our 

understanding and appreciation of landscapes and the range of values they hold.  

Indeed, according to Wahl (2005), the integration of quantitative and qualitative 

understanding is the next great challenge in the evolution of human consciousness; a 
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prerequisite to developing our thinking about how to sensibly manage human activities 

in a complex, interconnected and unpredictable world.   

 

In the integration of quantitative and qualitative knowledge in this study, a key 

objective was to adopt an applied research focus.  This is in line with Bastian’s (2001) 

emphasis on bridging the gap between theory and practice.  The objective also resonates 

with Forman and Godron’s (1986) concept of landscape ecology as being concerned 

with the application of knowledge about landscape structure, function and change, for 

solving landscape-related problems.   

 

As mentioned above, the applied research objective was pursued in this chapter by 

bringing together knowledge from the agronomic, hydrological, ecological and 

Goethean perspectives, in a land-use scenario analysis exercise.  Ahern (1994) has 

explained that land-use scenarios provide an important basis for discussion about 

various interests and issues that need to be addressed in land-use planning.  In other 

words, they provide a basis for the evaluation of multiple land-use design criteria that 

span both ecological and economic concerns. 

 

The land-use scenarios evaluated in this chapter involved deliberate integration of 

stands of brigalow vegetation with annual cropping.  Eight scenarios were developed 

and examined for Paddock 2 on ‘Property A’.  Two scenarios were derived from the 

status quo brigalow-cropping situation; four were developed on the basis of a 

conventional approach to land-use redesign; while the final two were based on the 

application of Goethean science in chapter 5.  Importantly, all of the brigalow-cropping 

scenarios examined are a real possibility, given current vegetation management policy 

and legislation in Queensland.  

 

A simple analysis framework was developed (detailed below) to evaluate agronomic, 

hydrological and ecological outcomes arising from the different land-use scenarios.  The 

outcomes of each scenario were then compared, and on the basis of these comparisons, 

recommendations subsequently made for designing brigalow-cropping systems so as to 

improve both ecological and economic values in the agricultural landscapes of the 

Brigalow Belt.   
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An ability to readily assess the outcomes of different land-use scenarios, and their 

resultant ecological and economic trade-offs is important; particularly given questions 

are currently being asked in landholder, scientific, political and conservation circles 

about how best to manage native vegetation in Queensland’s Brigalow region.  While 

there are examples of trade-off analysis models developed for agricultural systems 

elsewhere in the world (e.g. Agrell et al. 2004, Stoorvogel et al. 2004), presently, few 

tools have been developed in the context of the Queensland Brigalow Belt.  The most 

relevant example found in the literature was a study by Sinden (2004), who developed 

an analysis framework to estimate the opportunity costs of biodiversity protection in the 

Brigalow Belt South Bio-Region, situated in New South Wales.  Sinden’s (2004) study 

looked at changes in land values and number of native species (plants and animals) with 

percentage of on-farm native vegetation.  The study also estimated, for the entire 

Brigalow Belt South Bio-Region, the benefits accruing from protection of native 

vegetation with respect to on-farm fencing, shelter and shade; on-farm land 

conservation; off-farm land salinity reduction; firewood; and biodiversity ‘existence 

value’. 

 

The land-use scenario analysis in this chapter differs from the Sinden (2004) study not 

only because it deals with a smaller landscape scale (i.e. paddock scale as opposed to 

the regional scale), but also in the sense that it directly measures and considers the 

impact of changing native vegetation cover on agricultural production values, rather 

than looking at aggregate changes in land values.  Moreover, Sinden (2004) simply 

estimates that retention of 30% native vegetation cover in his study region will help to 

prevent anywhere between 5–30% loss of annual net income that might otherwise occur 

due to salinity problems.  This study, in contrast, is able to determine the hydrological 

benefits of native vegetation retention on the basis of field measures of soil water and 

soil chloride. 

 

Despite the present land-use scenario analysis being a relatively novel study for the 

Queensland Brigalow Belt, it is acknowledged that the analysis framework developed 

and applied here is not of the scope and scale of some of the trade-offs or multi-criteria 

decision analysis frameworks that have been produced by researchers to date (see 

Mendoza and Martins, 2006, for a review).  However, the intent of this chapter was not 

to produce a complicated analysis framework, but rather, to investigate the development 

of a simple, practical tool that can provide information about the key implications of 



 239

various land-use decisions and allow for the comparison of different approaches to land-

use redesign; thus assisting with brigalow-cropping integration.  As explained in chapter 

1, this study was specifically set up so that future studies, with access to a greater range 

of data and resources, will be able to expand on the framework developed here, 

incorporating other pertinent variables and potentially increasing the scale of land-use 

scenario analysis (e.g. to the whole-farm or catchment scale). 

 

6.2 Aims 
In light of the above, the aims of this chapter were:  

(1) To develop and apply a simple analysis framework for calculating the agronomic, 

hydrological and ecological outcomes of different brigalow-cropping scenarios; 

(2) To evaluate conventional and Goethean-based approaches to land-use redesign; and 

(3) To produce recommendations for integrating brigalow vegetation with dryland 

cropping, in a way that meets both ecological and economic objectives. 

 

6.3 Brigalow-cropping scenarios 
Eight brigalow-cropping scenarios were developed and assessed for Paddock 2      

(95.16 ha in size) on ‘Property A’ (see chapter 2, Tables 2.3, and 2.4 for site 

particulars).  The eight brigalow-cropping scenarios, summarised in Table 6.1, varied in 

both spatial and temporal terms.  The ‘status quo now’, ‘production now’, 

‘hydrological/ecological now’ and ‘Goethean now’ scenarios involved different spatial 

configurations of brigalow vegetation and cropping.  Each of these scenarios was 

projected 100 years into the future to produce the ‘status quo 100’, ‘production 100’, 

‘hydrological/ecological 100’ and ‘Goethean 100’ scenarios.  The ‘status quo now’ 

scenario was regarded as the baseline against which the other scenarios could be 

assessed.   

 
 
Table 6.1: Summary of the eight brigalow-cropping scenarios 

Scenario title Derivation 
(1) ‘status quo now’ Present-day land-use in Paddock 2 
(2) ‘status quo 100’ Projection of ‘status quo now’ scenario 100 years into the future 
(3) ‘production now’ Conventional design focused on increasing agricultural production  
(4) ‘production 100’ Projection of ‘production now’ scenario 100 years into the future 
(5) ‘hydrological/ecological now’ Conventional design focused on enhancing hydrological & 

ecological outcomes 
(6) ‘hydrological/ecological 100’ Projection of ‘hydrological/ecological now’ scenario 100 years into 

the future 
(7) ‘Goethean now’ Land-use design arising from application of the Goethean method 
(8) ‘Goethean 100’ Projection of ‘Goethean now’ scenario 100 years into the future 
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The ‘production now’, ‘production 100’, ‘hydrological/ecological now’ and 

‘hydrological/ecological 100’ scenarios had their basis in a conventional approach to 

land-use redesign.   The creation of these scenarios was guided by scientific insights 

obtained from the agronomic (chapter 2), hydrological (chapter 3) and ecological 

studies (chapter 4).  In contrast, the ‘Goethean now’ and ‘Goethean 100’ scenarios had 

their basis in the application of the Goethean method (chapter 5).  This method used a 

‘whole-of-paddock’ perspective to arrive at a new land-use design.  Due to time and 

resource constraints, both the conventional and Goethean scenarios were developed 

independently of input from landholders.  

 

To construct a map of each brigalow-cropping scenario, an aerial photograph of 

Paddock 2 (see chapter 5, Figure 5.1), taken in November 2003, was imported into 

ArcMap (v. 9.1).  The ArcInfo application within ArcMap was used to specify and 

calculate the areas occupied by the different land-use types that comprised each 

scenario.  Land-use specifications are provided in Appendix 5, brigalow-cropping maps 

and scenario descriptions are presented below (Figures 6.1 to 6.8). 



 
24

1

                           
Fi

gu
re

 6
.1

: L
an

d-
us

e 
m

ap
 fo

r 
th

e 
‘s

ta
tu

s q
uo

 n
ow

’ b
ri

ga
lo

w
-c

ro
pp

in
g 

sc
en

ar
io

 

 

(1
) ‘

St
at

us
 q

uo
 n

ow
’ s

ce
na

ri
o 

Th
e 

‘s
ta

tu
s 

qu
o 

no
w

’ 
sc

en
ar

io
 

(F
ig

ur
e 

6.
1)

 w
as

 b
as

ed
 o

n 
Pa

dd
oc

k 

2’
s 

pr
es

en
t-d

ay
 

br
ig

al
ow

-c
ro

pp
in

g 

co
nf

ig
ur

at
io

n.
 

 
Th

is
 

sc
en

ar
io

 
ha

d 

hi
st

or
ic

al
ly

 a
ris

en
 f

ro
m

 a
 d

es
ire

 t
o 

ex
te

ns
iv

el
y 

cl
ea

r 
th

e 
la

nd
sc

ap
e 

of
 

br
ig

al
ow

 v
eg

et
at

io
n 

to
 m

ak
e 

w
ay

 f
or

 

ag
ric

ul
tu

ra
l 

pr
od

uc
tio

n.
 

 
It 

w
as

 

co
m

pr
is

ed
 

of
 

re
gr

ow
th

 
br

ig
al

ow
 

st
an

ds
 

(1
1 

ye
ar

s 
si

nc
e 

la
st

 

di
st

ur
ba

nc
e,

 
Y

SL
D

) 
bo

rd
er

in
g 

th
e 

no
rth

er
n,

 s
ou

th
er

n 
an

d 
w

es
te

rn
 s

id
es

 

of
 t

he
 p

ad
do

ck
; 

a 
re

m
na

nt
 b

rig
al

ow
 

st
an

d 
(1

00
 

Y
SL

D
) 

bo
rd

er
in

g 
th

e 

ea
st

er
n 

en
d 

of
 t

he
 p

ad
do

ck
; 

an
d 

a 

re
m

na
nt

 
st

an
d 

(1
00

 
Y

SL
D

) 

po
si

tio
ne

d 
in

 
th

e 
m

id
dl

e 
of

 
th

e 

pa
dd

oc
k,

 to
w

ar
ds

 it
s w

es
te

rn
 e

nd
. 



 
24

2

 
Fi

gu
re

 6
.2

: L
an

d-
us

e 
m

ap
 fo

r 
th

e 
‘s

ta
tu

s q
uo

 1
00

’ b
ri

ga
lo

w
-c

ro
pp

in
g 

sc
en

ar
io

 

 

(2
) ‘

St
at

us
 q

uo
 1

00
’ s

ce
na

ri
o 

Th
e 

‘s
ta

tu
s 

qu
o 

10
0’

 
sc

en
ar

io
  

(F
ig

ur
e 

6.
2)

 w
as

 b
as

ed
 o

n 
pr

oj
ec

tin
g 

th
e 

‘s
ta

tu
s 

qu
o 

no
w

’ 
sc

en
ar

io
 1

00
 

ye
ar

s 
in

to
 t

he
 f

ut
ur

e.
  

H
en

ce
, 

it 
ha

d 

th
e 

ex
ac

t 
sa

m
e 

br
ig

al
ow

-c
ro

pp
in

g 

co
nf

ig
ur

at
io

n 
as

 ‘
st

at
us

 q
uo

 n
ow

’, 

ho
w

ev
er

 a
ll 

of
 t

he
 v

eg
et

at
io

n 
st

an
ds

 

w
er

e 
of

 
re

m
na

nt
 

st
at

us
 

(i.
e.

   

10
0 

Y
SL

D
). 

 
R

em
na

nt
 

br
ig

al
ow

 

st
an

ds
 b

or
de

re
d 

th
e 

no
rth

er
n,

 e
as

te
rn

, 

so
ut

he
rn

 a
nd

 w
es

te
rn

 s
id

es
 o

f 
th

e 

pa
dd

oc
k;

 a
nd

 a
 r

em
na

nt
 s

ta
nd

 w
as

 

po
si

tio
ne

d 
in

 
th

e 
m

id
dl

e 
of

 
th

e 

pa
dd

oc
k,

 to
w

ar
ds

 it
s w

es
te

rn
 e

nd
. 



 
24

3

 

Fi
gu

re
 6

.3
: L

an
d-

us
e 

m
ap

 fo
r 

th
e 

'p
ro

du
ct

io
n 

no
w

' b
ri

ga
lo

w
-c

ro
pp

in
g 

sc
en

ar
io

 

 

(3
) ‘

Pr
od

uc
tio

n 
no

w
’ s

ce
na

ri
o 

Th
e 

‘p
ro

du
ct

io
n 

no
w

’ s
ce

na
rio

 (F
ig

ur
e 

6.
3)

 

w
as

 d
ev

el
op

ed
 o

n 
a 

co
nv

en
tio

na
l 

ba
si

s, 

gu
id

ed
 

by
 

kn
ow

le
dg

e 
of

 
tre

e-
cr

op
 

co
m

pe
tit

io
n 

(c
ha

pt
er

 2
). 

 I
t w

as
 d

ev
el

op
ed

 

w
ith

 
a 

sp
ec

ifi
c 

go
al

 
of

 
in

cr
ea

si
ng

 

ag
ric

ul
tu

ra
l 

pr
od

uc
tio

n 
in

 P
ad

do
ck

 2
. 

 T
o 

m
ee

t 
th

is
 

go
al

, 
th

e 
sc

en
ar

io
 

in
vo

lv
ed

 

re
m

ov
al

 
of

 
re

gr
ow

th
 

ve
ge

ta
tio

n 
st

an
ds

 

fr
om

 th
e 

no
rth

er
n 

an
d 

so
ut

he
rn

 s
id

es
 o

f t
he

 

pa
dd

oc
k,

 s
o 

th
at

 o
nl

y 
th

e 
re

m
na

nt
 s

ta
nd

 

(1
00

 
Y

SL
D

) 
at

 
th

e 
ea

st
er

n 
en

d,
 

th
e 

re
gr

ow
th

 s
ta

nd
 (

11
 Y

SL
D

) 
at

 t
he

 w
es

te
rn

 

en
d,

 a
nd

 th
e 

re
m

na
nt

 s
ta

nd
 (1

00
 Y

SL
D

) i
n 

th
e 

m
id

dl
e 

of
 t

he
 p

ad
do

ck
 r

em
ai

ne
d 

in
 

pl
ac

e.
  T

he
 re

m
na

nt
 s

ta
nd

s 
w

er
e 

re
ta

in
ed

 in
 

lin
e 

w
ith

 
cu

rr
en

t 
na

tiv
e 

ve
ge

ta
tio

n 

le
gi

sl
at

io
n.

  T
he

 w
es

te
rn

 st
an

d 
w

as
 re

ta
in

ed
 

to
 p

ro
vi

de
 sh

el
te

r f
or

 li
ve

st
oc

k.
   

   
  



 
24

4

 

Fi
gu

re
 6

.4
: L

an
d-

us
e 

m
ap

 fo
r 

th
e 

'p
ro

du
ct

io
n 

10
0'

 b
ri

ga
lo

w
-c

ro
pp

in
g 

sc
en

ar
io

 

 

(4
) ‘

Pr
od

uc
tio

n 
10

0’
 sc

en
ar

io
 

Th
e 

‘p
ro

du
ct

io
n 

10
0’

 s
ce

na
rio

 (
Fi

gu
re

 

6.
4)

 
w

as
 

ba
se

d 
on

 
pr

oj
ec

tin
g 

th
e 

‘p
ro

du
ct

io
n 

no
w

’ 
sc

en
ar

io
 1

00
 y

ea
rs

 

in
to

 th
e 

fu
tu

re
.  

H
en

ce
, i

t h
ad

 th
e 

sa
m

e 

br
ig

al
ow

-c
ro

pp
in

g 
co

nf
ig

ur
at

io
n 

as
 

‘p
ro

du
ct

io
n 

no
w

’, 
ho

w
ev

er
 a

ll 
of

 t
he

 

ve
ge

ta
tio

n 
st

an
ds

 
w

er
e 

of
 

re
m

na
nt

 

st
at

us
 

(i.
e.

 
10

0 
Y

SL
D

). 
 

R
em

na
nt

 

br
ig

al
ow

 s
ta

nd
s 

bo
rd

er
ed

 t
he

 e
as

te
rn

 

an
d 

w
es

te
rn

 s
id

es
 o

f t
he

 p
ad

do
ck

, a
nd

 a
 

re
m

na
nt

 s
ta

nd
 w

as
 p

os
iti

on
ed

 i
n 

th
e 

m
id

dl
e 

of
 

th
e 

pa
dd

oc
k,

 
to

w
ar

ds
 

its
 

w
es

te
rn

 e
nd

. 

 



 
24

5

 

Fi
gu

re
 6

.5
: L

an
d-

us
e 

m
ap

 fo
r 

th
e 

'h
yd

ro
lo

gi
ca

l/e
co

lo
gi

ca
l n

ow
' b

ri
ga

lo
w

-c
ro

pp
in

g 
sc

en
ar

io
 

  

(5
) 

‘H
yd

ro
lo

gi
ca

l/e
co

lo
gi

ca
l 

no
w

’ 

sc
en

ar
io

 

Th
e 

‘h
yd

ro
lo

gi
ca

l/e
co

lo
gi

ca
l 

no
w

’ 

sc
en

ar
io

 (F
ig

ur
e 

6.
5)

 w
as

 d
ev

el
op

ed
 o

n 
a 

co
nv

en
tio

na
l b

as
is

, g
ui

de
d 

by
 k

no
w

le
dg

e 

of
 s

oi
l 

w
at

er
 a

nd
 s

oi
l 

ch
lo

rid
e 

dy
na

m
ic

s 

(c
ha

pt
er

 
3)

 
an

d 
br

ig
al

ow
 

st
an

d 

di
m

en
si

on
s 

th
at

 e
nh

an
ce

 h
ab

ita
t q

ua
nt

ity
 

an
d 

qu
al

ity
 

fo
r 

bo
th

 
flo

ra
 

an
d 

fa
un

a 

(c
ha

pt
er

 4
). 

 T
he

 in
te

nt
io

n 
w

as
 to

 r
ed

uc
e 

de
ep

 
dr

ai
na

ge
 

an
d 

in
cr

ea
se

 
ec

ol
og

ic
al

 

va
lu

es
 i

n 
Pa

dd
oc

k 
2.

  
A

cc
or

di
ng

ly
, 

th
e 

w
id

th
s 

of
 th

e 
re

gr
ow

th
 s

ta
nd

s 
(1

1 
Y

SL
D

) 

on
 t

he
 n

or
th

er
n,

 s
ou

th
er

n 
an

d 
w

es
te

rn
 

si
de

s 
of

 t
he

 p
ad

do
ck

 w
er

e 
in

cr
ea

se
d 

to
 

10
0 

m
.  

Th
e 

re
m

na
nt

 s
ta

nd
 (

10
0 

Y
SL

D
) 

at
 th

e 
ea

st
er

n 
en

d 
an

d 
th

e 
re

m
na

nt
 s

ta
nd

 

(1
00

 Y
SL

D
) i

n 
th

e 
m

id
dl

e 
of

 th
e 

pa
dd

oc
k 

re
m

ai
ne

d 
un

ch
an

ge
d.

   



 
24

6

 

Fi
gu

re
 6

.6
: L

an
d-

us
e 

m
ap

 fo
r 

th
e 

'h
yd

ro
lo

gi
ca

l/e
co

lo
gi

ca
l 1

00
' b

ri
ga

lo
w

-c
ro

pp
in

g 
sc

en
ar

io
 

 

(6
) 

‘H
yd

ro
lo

gi
ca

l/e
co

lo
gi

ca
l 

10
0’

 

sc
en

ar
io

 

Th
e 

‘h
yd

ro
lo

gi
ca

l/e
co

lo
gi

ca
l 

10
0’

 

sc
en

ar
io

 
(F

ig
ur

e 
6.

6)
 

w
as

 
ba

se
d 

on
 

pr
oj

ec
tin

g 
th

e 
‘h

yd
ro

lo
gi

ca
l/e

co
lo

gi
ca

l 

no
w

’ 
sc

en
ar

io
 1

00
 y

ea
rs

 i
nt

o 
th

e 
fu

tu
re

.  

H
en

ce
, i

t h
ad

 th
e 

sa
m

e 
br

ig
al

ow
-c

ro
pp

in
g 

co
nf

ig
ur

at
io

n 
as

 ‘
hy

dr
ol

og
ic

al
/e

co
lo

gi
ca

l 

no
w

’, 
ho

w
ev

er
 

al
l 

of
 

th
e 

ve
ge

ta
tio

n 

st
an

ds
 

w
er

e 
of

 
re

m
na

nt
 

st
at

us
 

(i.
e.

   

10
0 

Y
SL

D
). 

 R
em

na
nt

 b
rig

al
ow

 s
ta

nd
s 

bo
rd

er
ed

 t
he

 n
or

th
er

n,
 e

as
te

rn
, 

so
ut

he
rn

 

an
d 

w
es

te
rn

 s
id

es
 o

f 
th

e 
pa

dd
oc

k,
 a

nd
 a

 

re
m

na
nt

 
st

an
d 

w
as

 
po

si
tio

ne
d 

in
 

th
e 

m
id

dl
e 

of
 

th
e 

pa
dd

oc
k,

 
to

w
ar

ds
 

its
 

w
es

te
rn

 e
nd

. 

 



 
24

7

 

Fi
gu

re
 6

.7
: L

an
d-

us
e 

m
ap

 fo
r 

th
e 

'G
oe

th
ea

n 
no

w
' b

ri
ga

lo
w

-c
ro

pp
in

g 
sc

en
ar

io
 

 

(7
) ‘

G
oe

th
ea

n 
no

w
’ s

ce
na

ri
o 

Th
e 

‘G
oe

th
ea

n 
no

w
’ 

sc
en

ar
io

 (
Fi

gu
re

 6
.7

) 

ar
os

e 
fr

om
 a

pp
ly

in
g 

th
e 

G
oe

th
ea

n 
m

et
ho

d 

in
 P

ad
do

ck
 2

 (
ch

ap
te

r 
5)

. 
 T

he
 m

et
ho

d 

so
ug

ht
 to

 u
nd

er
st

an
d 

th
e 

‘e
ss

en
tia

l n
at

ur
e’

 

of
 th

e 
pa

dd
oc

k,
 b

ef
or

e 
pr

op
os

in
g 

br
ig

al
ow

-

cr
op

pi
ng

 m
od

ifi
ca

tio
ns

.  
Th

e 
w

id
th

s 
of

 th
e 

re
gr

ow
th

 st
an

ds
 o

n 
th

e 
no

rth
er

n 
an

d 
ea

st
er

n 

si
de

s 
of

 t
he

 p
ad

do
ck

 w
er

e 
in

cr
ea

se
d 

by
   

20
 m

 a
nd

 7
0 

m
, r

es
pe

ct
iv

el
y;

 th
e 

w
id

th
 o

f 

th
e 

w
es

te
rn

 e
nd

 o
f 

th
e 

so
ut

he
rn

 r
eg

ro
w

th
 

st
an

d 
w

as
 in

cr
ea

se
d 

by
 4

1 
m

; a
 1

0 
m

 b
uf

fe
r 

zo
ne

 w
as

 p
la

ce
d 

ar
ou

nd
 th

e 
re

m
na

nt
 s

ta
nd

 

in
 

th
e 

m
id

dl
e 

of
 

th
e 

pa
dd

oc
k;

 
an

d 
6 

ad
di

tio
na

l 
re

gr
ow

th
 s

ta
nd

s 
(0

.0
5-

0.
08

 h
a)

 

w
er

e 
po

si
tio

ne
d 

in
 t

he
 c

ro
pp

in
g 

ar
ea

, 
at

 

si
te

s 
w

he
re

 
br

ig
al

ow
 

su
ck

er
s 

w
er

e 

em
er

gi
ng

.  
 

 



 
24

8

 

Fi
gu

re
 6

.8
: L

an
d-

us
e 

m
ap

 fo
r 

th
e 

'G
oe

th
ea

n 
10

0'
 b

ri
ga

lo
w

-c
ro

pp
in

g 
sc

en
ar

io
 

 

(8
) ‘

G
oe

th
ea

n 
10

0’
 sc

en
ar

io
 

Th
e 

‘G
oe

th
ea

n 
10

0’
 s

ce
na

rio
 (F

ig
ur

e 
6.

8)
 

w
as

 b
as

ed
 o

n 
pr

oj
ec

tin
g 

th
e 

‘G
oe

th
ea

n 

no
w

’ 
sc

en
ar

io
 1

00
 y

ea
rs

 i
nt

o 
th

e 
fu

tu
re

.  

H
en

ce
, i

t h
ad

 th
e 

sa
m

e 
br

ig
al

ow
-c

ro
pp

in
g 

co
nf

ig
ur

at
io

n 
as

 
‘G

oe
th

ea
n 

no
w

’, 

ho
w

ev
er

 a
ll 

of
 th

e 
ve

ge
ta

tio
n 

st
an

ds
 w

er
e 

of
 

re
m

na
nt

 
st

at
us

 
(i.

e.
 

10
0 

Y
SL

D
). 

 

R
em

na
nt

 b
rig

al
ow

 s
ta

nd
s 

bo
rd

er
ed

 t
he

 

no
rth

er
n,

 e
as

te
rn

, 
so

ut
he

rn
 a

nd
 w

es
te

rn
 

si
de

s 
of

 t
he

 p
ad

do
ck

; 
a 

la
rg

e 
re

m
na

nt
 

st
an

d 
w

as
 p

os
iti

on
ed

 in
 th

e 
m

id
dl

e 
of

 th
e 

pa
dd

oc
k,

 t
ow

ar
ds

 i
ts

 w
es

te
rn

 e
nd

; 
w

hi
le

 

sm
al

le
r 

re
m

na
nt

 
br

ig
al

ow
 

st
an

ds
 

w
er

e 

sc
at

te
re

d 
th

ro
ug

ho
ut

 th
e 

cr
op

pi
ng

 a
re

a.
 

 



 249

It is recognised that there are many other brigalow-cropping designs that could be 

potentially created for Paddock 2.  However, the eight scenarios detailed above were 

specifically chosen because they are all real possibilities given present-day native 

vegetation legislation and policy.  Moreover, the scenarios were designed so that their 

agronomic, hydrological and ecological outcomes could be assessed and compared on a 

spatial and temporal basis, as well as a conventional versus Goethean design basis. 

 

There were four underlying assumptions for the ‘100’ scenarios: (1) paddock 

productivity did not decline over time; (2) the regrowth brigalow stands had the 

capacity to develop and reach remnant form over a period of 100 years; (3) the remnant 

brigalow stands did not die or undergo significant floristic or structural change over a 

period of 100 years; and (4) the remnant stands were classified as 100 years since last 

disturbance, regardless of how old they actually were.  This classification was based on 

the approach taken in chapter 4, where it was assumed that 100 years since last 

disturbance represented a state of ecological ‘maturity’.   

 

In the case of the ‘now’ scenarios, increases in the width of the vegetation stands or new 

stand additions were based on adding regrowth vegetation, 11 years since last 

disturbance.  This was in accord with the type of regrowth present in the ‘status quo 

now’ (i.e. the baseline) scenario. 

 

6.4 Land-use scenario analysis  
Land-use scenario analysis was based on the quantitative results from the agronomic, 

hydrological and ecological studies (chapters 2, 3 and 4).  The information from these 

studies was used to guide the development and design of an analysis framework that 

involved assembling a series of functions in a Microsoft Excel spreadsheet.  These 

functions converted land-use scenario inputs into specific agronomic, hydrological and 

ecological outputs. 

 

The analysis framework, including its inputs and outputs, is shown in Figure 6.9.  It can 

be seen that the framework was conceptualised at a general level that was concerned 

with the brigalow-cropping ‘system’; and also at a specific level, which focused on 

three particular aspects of the system, namely, agronomy, hydrology and ecology.  This 

framework is described below with explanations given for how the various inputs were 

determined, and the outputs calculated, for each brigalow-cropping scenario. 
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6.4.1 Agronomic analysis 

Specific inputs 

Tree-crop competition zone widths (m) and areas (ha) for individual stands of 

vegetation 

Tree-crop competition zone widths were based on results from the 2004 winter cropping 

season, as this dataset was more comprehensive than the 2003 dataset (chapter 2, 

section 2.6.3).  Accordingly, the horizontal extent of the tree-crop competition zone for 

stands of brigalow 11 years since last disturbance and 100 years since last disturbance, 

was 21 m and 40 m, respectively (Table 6.2).  On the basis of these values, tree-crop 

competition zone areas for individual stands were calculated using the ArcInfo 

application within ArcMap. 

 

 

Table 6.2: Specific inputs for agronomic analysis of the brigalow-cropping scenarios, 
based on tree-crop competition results from chapter 2 

Land-use type Extent of tree-crop 
competition zone (m) 

Average yield for the land-use 
type (t/ha)* 

Brigalow 11 YSLD 21 0.41 
Brigalow 100 YSLD 40 1.66 
Open paddock# N.A. 3.33 
YSLD, years since last disturbance; N.A., not applicable 
# The area beyond the influence of the trees 
* Wheat yields across the entire competition zone and ‘open paddock’ were held constant, reflecting 
average values in these zones 
 

 

‘Open paddock’ area (ha) 

Total paddock cropping area was determined using ArcInfo.  The ‘open paddock’ area, 

i.e. the area beyond the influence of the trees, was subsequently calculated by 

subtracting tree-crop competition zone areas for individual stands of vegetation from the 

total paddock cropping area. 

 

Tree-crop competition zone and ‘open paddock’ yields (t) 

Yield values for the tree-crop competition zones and the ‘open paddock’ were derived 

from the long term (50 year) APSIM simulations run for wheat, at positions 8 m, 20 m 

and 180 m from the 100 YSLDa stand in Paddock 2 (chapter 2, section 2.6.3).  It was 

thought that the long term simulation results would provide a better indication of 

average yield outcomes, as opposed to using results from either the 2003 or 2004 

fieldwork seasons. 
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Cumulative probability distributions, (based on the long term simulations), were 

investigated to determine the yield values that would be expected to occur in 50% of 

years (see chapter 2, Figure 2.22).  It was found that 1.01 t/ha, 2.30 t/ha and 3.33 t/ha 

were the yields occurring in 50% of years at the 8 m, 20 m and 180 m positions, 

respectively.  The 50% value for the 180 m position, i.e. 3.33 t/ha, was regarded as the 

long term average ‘open paddock’ yield for all brigalow-cropping scenarios (Table 6.2).  

To arrive at a long term average yield for the tree-crop competition zone adjacent to 

stands 100 years since last disturbance, the mean of the 50% values for the 8 m and 20 

m positions was calculated.  This resulted in a long term average competition zone yield 

of 1.66 t/ha (Table 6.2).   

 

Due to field data limitations, long term simulations were not run for wheat growing 

alongside the 11 years since last disturbance stand in Paddock 2 (see chapter 2).  Hence, 

the following equation was used to estimate the long term average tree-crop competition 

zone yield adjacent to stands 11 years since last disturbance (YSLD): 

 

Y11_LT = Y11_04 / (Y100_04 / Y100_LT) 

 

Where: 

Y11_LT is the long term average tree-crop competition zone yield for stands 11 YSLD 

Y11_04 is the tree-crop competition zone yield that was calculated for the 11 YSLD stand 

in 2004 (i.e. 0.07 t/ha)  

Y100_04 is the tree-crop competition zone yield that was calculated for the 100 YSLD 

stand in 2004 (i.e. 0.28 t/ha)  

Y100_LT is the long term average tree-crop competition zone yield calculated for stands 

100 YSLD (i.e. 1.66 t/ha) 

 

Substituting relevant values into the above equation resulted in 0.41 t/ha as the long 

term average tree-crop competition zone yield for stands 11 years since last disturbance 

(Table 6.2). 
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Specific outputs 

Tree-crop competition zone yield (t) for individual stands of vegetation 

Tree-crop competition zone yield adjacent to individual stands of vegetation was 

calculated by multiplying the tree-crop competition zone yield value (t/ha) by the tree-

crop competition zone area (ha). 

 

‘Open paddock’ yield (t) 

‘Open paddock’ yield was determined by multiplying the ‘open paddock’ yield value 

(t/ha) by the ‘open paddock’ area (ha). 

 

6.4.2 Hydrological analysis 

Specific inputs 

Hydrological zone of influence widths (m) and areas (ha) for individual stands of 

vegetation 

In chapter 3 the width of the hydrological zone of influence was conservatively 

estimated to be 20 m for brigalow stands both 11 years since last disturbance and 100 

years since last disturbance (section 3.6.5).  Thus, this value was applied across all 

scenarios.  Hydrological zone of influence areas for individual stands of vegetation were 

subsequently calculated using ArcInfo, on the basis of the 20 m width. 

 

‘Open paddock’ area (ha) (i.e. the area beyond the influence of the trees) 

Total paddock cropping area was determined using ArcInfo.  The ‘open paddock’ area 

was then calculated by subtracting the hydrological zone of influence areas for 

individual stands of vegetation, from the total paddock cropping area. 

 

Specific output 

Deep drainage minimisation areas (ha) for individual stands of vegetation 

For individual stands of brigalow vegetation an area of ‘deep drainage minimisation’ 

was determined.  This was calculated as the area occupied by the stand itself plus the 

area of its hydrological zone of influence.   

 

The areas occupied by the brigalow stands were considered to be sites of deep drainage 

minimisation, in light of plant available water capacity (PAWC) results (chapter 3, 

Table 3.6).  It was found that the PAWC of the 100 YSLDa stand in Paddock 2 was      

34 mm greater than the PAWC of wheat.  Thus, deep drainage rates would generally be 
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expected to be lower on areas of land occupied by 100 YSLD vegetation.  In the case of 

the 11 YSLD site in Paddock 2, although its PAWC was actually 83 mm less than the 

PAWC of wheat, it was reasoned that its total water use over the course of a year is 

likely to be greater than that of an annual crop, due to the fact that it is a perennial plant 

and actively transpires for a much longer period.  Accordingly, it could be expected that 

deep drainage will be minimised under regrowth vegetation as well.   

 

Compared to the ‘open paddock’, the hydrological zone of influence was regarded as an 

area of deep drainage minimisation, given it is a space in which both brigalow roots and 

wheat roots explore the soil profile.  Total soil chloride (to 180 cm) results for the       

11 YSLD and 100 YSLDa sites in Paddock 2 (see chapter 3, Figure 3.7 b, c) revealed 

that chloride leaching and hence, deep drainage, was less in this zone.  

 

6.4.3 Ecological analysis 

Specific outputs 

Total number of species, Shannon-Weiner index values, tree/grass/litter cover (%) for 

individual stands 

Total number of species, Shannon-Weiner index values and tree/grass/litter cover for 

individual stands were calculated as a function of years since last disturbance (YSLD), 

based on relationships determined in chapter 4, section 4.5: 

 

Total number of species = 3.29*log(YSLD) + 2.71 

Shannon-Weiner index = 0.79*log(YSLD) – 0.24 

Tree cover = 0.41*log(YSLD) – 0.37 

Grass cover = – 0.35*log(YSLD) + 0.96 

Litter cover = 0.33*log(YSLD) + 0.20     

 

Shrub cover was not calculated, as no relationship was found between this variable and 

years since last disturbance.   

 

6.4.4 Brigalow-cropping system analysis 

General inputs 

Total paddock area (ha), total cropping area (ha), areas of individual vegetation stands 

(ha), paddock access areas (ha) 

All area-based inputs were calculated using ArcInfo. 
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Years since last disturbance for individual vegetation stands 

Years since last disturbance for individual brigalow stands was specified in the creation 

of each brigalow-cropping scenario (see Figures 6.1 to 6.8). 

 

General outputs 

Agronomy – total paddock yield (t) 

Total paddock yield was calculated as the sum of ‘open paddock’ yield plus the tree-

crop competition zone yields adjacent to individual stands of vegetation. 

 

Hydrology – total paddock deep drainage minimisation area (ha) and cover (%) 

In the absence of a direct measure of deep drainage, total paddock deep drainage 

minimisation area (ha) was the aggregate variable used to express the hydrological 

influence of the brigalow stands in each scenario.  This variable was calculated by 

summing the areas of all the vegetation stands plus the areas of their respective 

hydrological zones of influence.  The area value was converted to a percentage cover 

value with respect to the entire paddock. 

 

Ecology – total paddock regrowth vegetation, remnant vegetation and native habitat 

areas (ha) and cover (%) 

Total paddock regrowth and remnant vegetation areas were calculated by summing the 

areas of all relevant brigalow stands.  Total native habitat area was the sum of the total 

regrowth and remnant vegetation areas.  This aggregate variable provided an indication 

of the amount of habitat available for native flora and fauna.  Area-based values were 

converted to percentage cover (%) values with respect to the entire paddock. 

 

Ecology – weighted index values for total number of woody species, Shannon-Weiner 

index, tree/grass/litter cover 

Weighted index values were calculated for Paddock 2 for total number of woody (tree 

and shrub) species, Shannon-Weiner index, tree cover, grass cover and litter cover as 

follows: 
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Where: 

I = the weighted index value for an ecological variable (i.e. total woody species, 

Shannon-Weiner index, tree cover, grass cover, litter cover) 

n = the number of vegetation stands in Paddock 2 

i = the value of the ecological variable for an individual vegetation stand 

p = the proportion of the paddock occupied by an individual vegetation stand 

 

Economic versus ecological trade-offs 

‘Status quo now’ was considered to be the baseline brigalow-cropping scenario.  Hence, 

for the seven other scenarios, percentage change was recorded for four key general 

output variables; total paddock yield, deep drainage minimisation area, native habitat 

area and the total number of woody species (weighted index), with respect to the 

corresponding ‘status quo now’ variable.   

 

Total paddock yield was regarded as an ‘economic’ outcome, given the direct impact it 

has on landholders’ income levels.  Deep drainage minimisation area was considered an 

‘ecological’ outcome, as it can potentially promote the long-term health and 

productivity of brigalow-cropping systems, by limiting the movement of soil salt stores.  

Native habitat area and the total number of woody species (weighted index) were also 

‘ecological’ outcomes, given their importance in terms of providing habitat for flora and 

fauna and/or increasing the level of biodiversity in agricultural landscapes.  Native 

habitat area was an aggregate measure of biodiversity, while the weighted index for 

total number of woody species provided a more specific indication of the level of 

biodiversity in Paddock 2.   

 

Calculations were made to determine percentage changes in deep drainage minimisation 

area, native habitat area and the total number of woody species (weighted index), 

following a one percent change (either increase or decrease) in total paddock yield.  

These calculations allowed for the investigation of economic versus ecological trade-

offs for each land-use scenario. 

x = 1-n 
I  =  ∑  (i*p)x 
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SigmaPlot (v. 9.0) was used to create plots of total paddock yield (t) versus deep 

drainage minimisation area (ha), native habitat area (ha) and the total number of woody 

species (weighted index).  SigmaPlot was also used for fitting linear models                 

(y = a*x + b) to the datasets to quantify economic versus ecological trade-offs. 

 

6.4.5 General points about the analysis framework 

Land-use scenario creation and analysis was limited to the scale of a single paddock 

because a brigalow-cropping ‘system’ could be efficiently and effectively assessed at 

this scale by a single researcher.  It was thought that if the analysis framework proved 

useful for a single paddock, it could be easily adapted to a larger scale (e.g. whole-of-

property) in future studies. 

 

Factors that could potentially influence the development or condition of the brigalow 

stands and impact on their ecological value or the degree to which they exerted 

agronomic/hydrological influence, were discounted from the analyses or assumed to 

have no effect (e.g. number of disturbance events that each stand had been subject to, 

stand orientation/width, disease/pest attacks, differences in tree density, changes in soil 

nutrient levels across the paddock).  Furthermore, where brigalow vegetation stands 

were positioned perpendicular to each other and their agronomic/hydrological zones of 

influence overlapped, the vegetation stand with the greatest years since last disturbance 

was assumed to have the over-riding impact on the adjacent cropping area. 
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6.5 Results 
6.5.1 General outputs 

General agronomic, hydrological and ecological outputs were tabulated for the eight 

brigalow-cropping scenarios (Table 6.3).  These results provided a basis for comparing 

and contrasting the different land-use designs for Paddock 2.  Specific outputs were not 

reported, as they effectively gave rise to the general outputs. 

 

Total paddock yield was greatest for the ‘production now’ scenario (268.37 t), followed 

by the ‘production 100’ (267.61 t), ‘status quo now’ (207.74 t), ‘status quo 100’  

(206.22 t), ‘Goethean now’ (169.19 t), ‘Goethean 100’ (164.94 t), 

hydrological/ecological now’ (155.95 t) and hydrological/ecological 100’ (128.48 t) 

scenarios.  Deep drainage minimisation area and cover were greatest for the two 

‘hydrological/ecological’ scenarios (48.01 ha, 50.45%), followed by the ‘Goethean’ 

(43.82 ha, 46.05%), ‘status quo’ (33.01 ha, 34.69%) and ‘production’ scenarios (14.27 

ha, 15.00%). 

 

The ‘hydrological/ecological now’ scenario had the greatest regrowth vegetation area 

and cover (31.98 ha, 33.61%), followed by the ‘Goethean now’ (25.80 ha, 27.11%), 

‘status quo now’ (16.43 ha, 17.27%) and ‘production now’ (2.95 ha, 3.10%) scenarios.  

Highest remnant vegetation cover was seen in the ‘hydrological/ecological 100’ 

scenario (39.47 ha, 41.48%), followed by the ‘Goethean 100’ (33.29 ha, 34.98%), 

‘status quo 100’ (23.92 ha, 25.14%), ‘production 100’ (10.44 ha, 10.97%) and all of the 

‘now’ scenarios (7.40 ha, 7.87%).  In terms of native habitat area and cover, the 

‘hydrological/ecological’ scenarios showed the highest values (39.47 ha, 41.48%), 

followed by the ‘Goethean’ (33.29 ha, 34.98%), ‘status quo’ (23.92 ha, 25.14%) and 

‘production’ scenarios (10.44 ha, 10.97%). 

 

Total woody species weighted index values ranged from 3.85 for the 

‘hydrological/ecological 100’ scenario, to 3.25, 2.79, 2.39, 2.34, 1.79, 1.02 and 0.92 for 

the ‘Goethean 100’, ‘hydrological/ecological now’, ‘Goethean now’, ‘status quo 100’, 

‘status quo now’, ‘production 100’ and ‘production now’ scenarios, respectively.  The 

Shannon Weiner weighted index was highest for the ‘hydrological/ecological 100’ 

scenario (0.56), followed by the ‘Goethean 100’ (0.47), ‘status quo 100’ (0.34), 

‘hydrological/ecological now’ (0.30), ‘Goethean now’ (0.26), ‘status quo now’ (0.21), 

‘production 100’ (0.15) and ‘production now’ (0.12) scenarios. 
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Table 6.3: Brigalow-cropping scenarios for Paddock 2 – general outputs 

 ‘Status 
quo now’ 

‘Status 
quo 100’ 

‘Prod. 
now’ 

‘Prod. 
100’ 

‘Hydro/ 
Ecol now’ 

‘Hydro/ 
Ecol 100’ 

‘Goethean 
now’ 

‘Goethean 
100’ 

Total 
paddock  

        

yield (t) 207.74 206.22 268.37 267.61 155.95 128.48 169.19 164.94 
% change* N.A. -0.73 29.19 28.82 -24.93 -38.15 -18.56 -20.60 
D.D. min.          

area (ha) 33.01 33.01 14.27 14.27 48.01 48.01 43.82 43.82 
% cover 34.69 34.69 15.00 15.00 50.45 50.45 46.05 46.05 

% change* N.A. 0.00 -56.77 -56.77 45.44 45.44 32.75 32.75 
Regrowth 
vegetation 

        

 area (ha) 16.43 0.00 2.95 0.00 31.98 0.00 25.80 0.00 
% cover 17.27 0.00 3.10 0.00 33.61 0.00 27.11 0.00 

% change* N.A. -100.00 -82.05 -100.00 94.64 -100.00 57.03 -100.00 
Remnant 
vegetation 

        

 area (ha) 7.49 23.92 7.49 10.44 7.49 39.47 7.49 33.29 
% cover 7.87 25.14 7.87 10.97 7.87 41.48 7.87 34.98 

% change* N.A. 219.36 0.00 39.39 0.00 426.97 0.00 344.46 
Native 
habitat  

        

area (ha) 23.92 23.92 10.44 10.44 39.47 39.47 33.29 33.29 
% cover 25.14 25.14 10.97 10.97 41.48 41.48 34.98 34.98 

% change* N.A. 0.00 -56.35 -56.35 65.01 65.01 39.17 39.17 
Total 
woody 
species 
weighted 
index 

        

value 1.79 2.34 0.92 1.02 2.79 3.85 2.39 3.25 
% change* N.A. 30.73 -48.60 -43.02 55.87 115.08 33.52 81.56 
S-W 
weighted 
index 

        

value 0.21 0.34 0.12 0.15 0.30 0.56 0.26 0.47 
Tree cover 
weighted 
index 

        

value 1.55 4.76 1.50 2.08 1.60 7.85 1.58 6.62 
Grass 
cover 
weighted 
index 

        

value 5.95 1.66 1.50 0.73 11.09 2.74 9.05 2.31 
Litter 
cover 
weighted 
index 

        

value 9.14 14.44 5.35 6.30 13.51 23.82 11.77 20.09 
* % change calculated with respect to the ‘status quo now’ (i.e. baseline) scenario.  Note that for the 
regrowth vegetation, remnant vegetation and native habitat variables, % change was calculated with 
respect to area (ha) rather than % cover.   
N.A., not applicable 
 



 260

With respect to the tree cover weighted index, this was highest for the 

‘hydrological/ecological 100’ scenario (7.85), followed by the ‘Goethean 100’ (6.62), 

‘status quo 100’ (4.76), ‘production 100’ (2.08), ‘hydrological/ecological now’ (1.60), 

‘Goethean now’ (1.58), ‘status quo now’ (1.55) and ‘production now’ scenarios (1.50). 

Grass cover weighted index values ranged from 11.09 for the ‘hydrological/ecological 

now’ scenario, to 9.05, 5.95, 2.74, 2.31, 1.66, 1.50 and 0.73 for the ‘Goethean now’, 

‘status quo now’, ‘hydrological/ecological 100’, ‘Goethean 100’, ‘status quo 100’, 

‘production now’ and ‘production 100’ scenarios, respectively.  Litter cover weighted 

index values ranged from 23.82 for the ‘hydrological/ecological 100’ scenario, to 20.09, 

14.44, 13.51, 11.77, 9.14, 6.30 and 5.35 for the ‘Goethean 100’, ‘status quo 100’, 

‘hydrological/ecological now’, ‘Goethean now’, ‘status quo now’, ‘production 100’ and 

‘production now’ scenarios, respectively. 

 

6.5.2 Economic versus ecological trade-offs 

The ‘status quo now’ scenario provided baseline values for investigating economic 

versus ecological trade-offs with the seven other brigalow-cropping scenarios.  The 

economic variable in each scenario was total paddock yield, while the ecological 

variables were deep drainage minimisation area, native habitat area and total number of 

woody species (weighted index). 

 

Trade-off results are presented in Table 6.4.  In terms of simple numerical analysis, the 

‘production’ scenarios represented an overall loss.  In the case of the ‘production now’ 

scenario, a 1% increase in total paddock yield (the economic variable) was linked to 

1.95%, 1.93% and 1.67% reductions in the ecological variables: deep drainage 

minimisation area, native habitat area and total number of woody species (weighted 

index), respectively.  With the ‘production 100’ scenario, a 1% increase in total paddock 

yield resulted in 1.97%, 1.96% and 1.49% reductions in deep drainage minimisation 

area, native habitat area and total number of woody species (weighted index), 

respectively.  

 

In contrast, the ‘hydrological/ecological’ and ‘Goethean’ scenarios represented an 

overall gain, on a simple numerical basis.  For the ‘hydrological/ecological now’ 

scenario, a 1% decrease in total paddock yield was linked to increases in deep drainage 

minimisation area, native habitat area and total woody species (weighted index) of 

1.82%, 2.61% and 2.24%, respectively.  The ‘hydrological/ecological 100’ scenario 
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showed respective increases of 1.19%, 1.70% and 3.02% in deep drainage minimisation 

area, native habitat area and total woody species (weighted index), with a 1% decrease 

in total paddock yield.  In the case of the ‘Goethean now’ scenario, a 1% decrease  in 

total paddock yield was offset by 1.76%, 2.11% and 1.81% increases in deep drainage 

minimisation area, native habitat area and total woody species (weighted index), 

respectively.  Similarly, a 1% reduction in total paddock yield in the ‘Goethean 100’ 

scenario was linked to increases in deep drainage minimisation area, native habitat area 

and total woody species (weighted index), of 1.59%, 1.90% and 3.96%, respectively.  

The ‘status quo 100’ scenario was an interesting case, with a 1% decrease in total 

paddock yield being linked to no change in deep drainage minimisation area or native 

habitat area but a 42% increase in total woody species (weighted index). 

 

 

Table 6.4: Economic versus ecological trade-offs.  Percentage changes recorded in the 
ecological variables (D.D. minimisation area, native habitat area, total number of woody 
species) with respect to a one percent change in the economic variable (total yield) 

Percentage change in general output variables 
 

 

Brigalow-
cropping scenario Total yield D.D. minimisation 

area 
Native habitat 

area 
Total number of woody 
(tree & shrub) species* 

‘Status quo 100’ -1.00 0.00 0.00 42.0 
‘Production now’ 1.00 -1.95 -1.93 -1.67 
‘Production 100’ 1.00 -1.97 -1.96 -1.49 
‘Hydro/ Ecol now’ -1.00 1.82 2.61 2.24 
‘Hydro/ Ecol 100’ -1.00 1.19 1.70 3.02 
‘Goethean now’ -1.00 1.76 2.11 1.81 
‘Goethean 100’ -1.00 1.59 1.90 3.96 
# Percentage changes recorded with respect to the ‘status quo now’ scenario 
* Weighted index 
 

 

Viewing the scenario results altogether, there were strong inverse relationships between 

total paddock yield and the three ecological variables, deep drainage minimisation area, 

native habitat area and total number of woody species (weighted index) (Figure 6.10).  

These relationships were accounted for by linear models: r2 = 0.97, P < 0.0001;            

r2 = 0.98, P < 0.0001; and r2 = 0.92, P = 0.0002, for deep drainage minimisation area, 

native habitat area and total number of woody species (weighted index), respectively 

(Table 6.5).  Considering economic versus ecological trade-offs for Paddock 2 on this 

basis, a 1 tonne increase in total paddock yield would mean reductions in deep drainage 

minimisation area, native habitat area and total number of woody species (weighted 

index), of 0.27 ha, 0.23 ha and 0.02, respectively (Table 6.5). 
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Table 6.5: Relationships between the economic variable, total paddock yield, and the 
ecological variables deep drainage (D.D.) minimisation area, native habitat area and total 
number of woody species (weighted index).  Presented are degrees of freedom (d.f.), 
regression co-efficients, y-intercepts, r-squared values (r2), and levels of significance (P) 

 Economic variable: Total paddock yield 
 

 d.f. regression co-
efficient 

y-intercept r2 P 

Ecological variables:      
D.D. minimisation area (ha) 7 -0.27 87.24 0.97 <0.0001 

Native habitat area (ha) 7 -0.23 70.95 0.98 <0.0001 
Total number of woody species 

(weighted index) 
7 -0.02 6.05 0.92 0.0002 
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6.6 Discussion 
6.6.1 Review of brigalow-cropping scenarios and their outcomes 

The brigalow-cropping scenario analysis synthesised findings from earlier chapters of 

the thesis; bringing together measured data, modelled estimates and some simple ‘rules 

of thumb’.  The idea was to see if any emergent findings might appear about brigalow-

cropping systems based on the integration of both quantitative and qualitative data. 

  

Overall, results from the brigalow-cropping scenario analysis were relatively 

predictable, conforming with the motivations underlying each land-use design.  

Considering the scenarios in terms of spatial variability, it was not surprising to find that 

the ‘production’ scenarios had the highest total yield (t) values followed by the ‘status 

quo’, ‘Goethean’ and ‘hydrological/ecological’ scenarios; while the 

‘hydrological/ecological’ scenarios had the highest values for deep drainage 

minimisation area (ha), followed by the ‘Goethean’, ‘status quo’ and ‘production’ 

scenarios.  These results reflected the differences between the scenarios with respect to 

native habitat area (ha), i.e. total paddock native vegetation coverage.  Native habitat 

area was greatest for the ‘hydrological/ecological’ scenarios, followed by the 

‘Goethean’, ‘status quo’ and ‘production’ scenarios.  Native habitat area also influenced 

the weighted index values for total number of woody species, Shannon-Weiner index, 

tree cover, grass cover and litter cover.  Those scenarios that had the greatest vegetation 

cover, i.e. the ‘hydrological/ecological’ and ‘Goethean’ designs, tended to have the 

highest values for the weighted indices. 

 

Considering the scenarios from a temporal perspective, the ‘now’ scenarios had higher 

total paddock yield values than their corresponding ‘100’ scenarios, with no differences 

recorded for deep drainage minimisation area or native habitat area.  The yield 

reductions between the ‘now’ and ‘100’ scenarios were due to all of the native 

vegetation stands reaching remnant status, in the case of the latter.  Thus, there was 

more intense tree-crop competition.   

 

On the basis of results for total yield, deep drainage minimisation area and native 

habitat area, there was little to be gained by allowing the ‘now’ scenarios to proceed 100 

years into the future without management of the stands of regrowth vegetation.  For 

example, in the case of the ‘hydrological/ecological’ scenarios, where the difference in 

total yield between the ‘now’ and ‘100’ scenarios was relatively large (27.5 t), and there 
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was no change in deep drainage minimisation area or native habitat area, it would seem 

advisable to control the development of the regrowth brigalow stands and inhibit them 

from reaching remnant status.  This would minimise tree-crop competition and in turn, 

production losses.  

 

However, it is important to recognise that compared to the ‘now’ scenarios, the ‘100’ 

scenarios showed increases in the weighted index values for total number of woody 

species, Shannon-Weiner index, tree cover and litter cover.  Many native flora and 

fauna species are likely to benefit from these time-dependent compositional and 

structural changes in the brigalow vegetation.  Although, if enhancement of ecological 

values is a concern, then it is advisable not only to have stands of remnant brigalow, but 

rather, maintain a mixture of regrowth and remnant vegetation.  As discussed in chapter 

4, heterogeneity in the landscape with respect to the composition and structure of native 

vegetation is important to ensure a range of habitat types are available for a range of 

species (Evans and Jarman 1999, Richards et al. 1999, Miles and Madden 2002, Chan 

and Augusteyn 2003).  Benton et al. (2003) argue that habitat heterogeneity should be 

enhanced at scales ranging from individual fields (paddocks) to whole landscapes, in 

order to reverse biodiversity decline in agricultural areas. 

 

Another consideration is that the weighted index value for grass cover decreased 

between the ‘now’ and ‘100’ scenarios.  This latter result could be an issue for 

landholders who wish to retain feed for livestock in mixed cropping-grazing enterprises.  

In such cases, landholders may prefer to maintain a mixture of regrowth and remnant 

vegetation, not only to enhance ecological values but production values as well. 

 

Comparing the different approaches to brigalow-cropping redesign; agronomic, 

hydrological and ecological results for the ‘Goethean’ scenarios (which were developed 

on the basis of understanding the ‘essential nature’ or ‘character’ of Paddock 2) were 

closest to results arising from the ‘hydrological/ecological’ (conventional) scenarios.  

This arguably reflects the ecologically-sensitive nature of the Goethean approach to 

land-use redesign.   

 

In line with the intentions underlying the ‘hydrological/ecological’ and ‘Goethean’ 

scenarios, they respectively achieved 41% and 35% native vegetation cover in Paddock 

2.  This was considerably greater than 25% and 11% native vegetation cover for the 
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‘status quo’ and ‘production’ scenarios, respectively.  It is recognised that some 

landholders may not be willing to devote such large proportions of a paddock to native 

habitat retention, as per the ‘hydrological/ecological’ and ‘Goethean’ designs.  

Nonetheless, brigalow-cropping designs such as these would make a significant 

contribution towards meeting a target of 30% native vegetation cover at a broader 

landscape or catchment scale.  This particular target is generally considered to be the 

minimum benchmark for reducing land degradation (e.g. soil erosion and salinisation) 

and ensuring against substantial species loss in the longer term (Wilson et al. 2000, 

McIntyre 2002). 

 

It is important to remember, however, that it is not only percentage of native vegetation 

cover that needs to be taken into account but also the position and size of the individual 

vegetation stands that contribute to this cover (Davies et al. 2001, Parkes et al. 2003).  

In this light, it is recognised that the ‘Goethean’ scenarios had some unconventional 

features.  These features were namely the relatively small (0.05–0.08 ha) stands of 

brigalow vegetation placed throughout the cropping area.  While these stands can 

potentially provide shade and shelter for livestock, they are likely to be regarded as a 

nuisance by landholders, not only because they reduce total paddock yield but also 

because they will be an obstruction to machinery at crop sowing and harvest.  These 

native vegetation ‘obstacles’ are likely to reduce the time and energy efficiency of 

agricultural operations.  The stands could also provide refuge for fauna considered to 

agricultural pests such as feral pigs and kangaroos. 

 

Moreover, the extent to which substantial hydrological benefits can be obtained from 

the small stands in the ‘Goethean’ scenarios is open to question, given that both on an 

individual basis, and in total, they will only be minimising deep drainage over a 

relatively small area.  To determine the impact of such stands on paddock hydrology, 

their positioning would need to be considered with respect to recharge and discharge 

areas in the landscape (Hatton and Nulsen 1999, Boulter 2000).  Additionally, the native 

habitat value of these small patches is questionable, given that stands of this size and 

shape are likely to be all ‘edge’ habitat, supporting limited floristic and structural 

complexity (West et al. 1999); and their long-term viability could be easily 

compromised by disturbances such as grazing, agrichemical spray drift and weed 

invasion (Beer and Fox 1997, Wilson et al. 2000).  On the whole then, many would 
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argue that any benefits arising from these small patches will be largely aesthetic rather 

than ecological.   

 

On the other hand, Doherty (1998) points out that it is important not to dismiss the 

potential importance of small stands of native vegetation, as conservation value will 

always be a relative term, depending on the landscape context within which a stand is 

situated.  In this vein, it is important to remember that the sizes and positioning of the 

organically-shaped stands in the ‘Goethean’ scenarios were proposed on the basis of 

detailed study of Paddock 2, rather than a broader landscape study.  Thus, while these 

stands might be insignificant on a catchment or regional scale, they could have some 

value at the paddock scale.  Indeed, Eldridge et al. (2003) contend that even if the 

habitat value of a regrowth stand is questionable, its presence in the landscape will 

nonetheless help to reduce the isolation of areas of higher quality habitat.  In the case of 

the small stands in the ‘Goethean’ scenarios, for example, they could potentially be 

important in terms of breaking up the monotony of the vast cropping area and providing 

a link between the stands around the paddock perimeter and the stand positioned in the 

middle of the paddock. 

 

It is also important to remember that all of the different types of compositional, 

structural and functional value associated with native vegetation are unlikely to be 

contained within a single stand (Doherty 1998).  These values are usually spread across 

a number of sites that have been subject to varying levels or different forms of 

disturbance; and they may also change within a stand over time.  Moreover, different 

compositional, functional and structural values will have different implications for 

different species; there are no simple generalisations that can be made.  According to 

Doherty (1998), the important question then, is not whether a single site has any 

conservation value, but whether this value is of local, regional, national or global 

importance. 

 

Two other aspects of the ‘Goethean’ scenarios that were not featured in the other 

brigalow-cropping scenarios were the 10 m fenced buffer around the 100 YSLD stand 

in the middle of Paddock 2, and the 70 m extension of the width of the eastern 

vegetation stand.  The fenced buffer would help to protect the 100 YSLD stand from 

both biotic and abiotic sources of disturbance (CIE and CSIRO 2000) and thus 

contribute to restoration and maintenance of its floristic and structural complexity 
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(McIntyre and Hobbs 2000).  Given there are other brigalow stands in the paddock that 

can provide shelter for livestock, the fenced buffer around the 100 YSLD stand could 

well be acceptable from a landholder’s perspective.  Moreover, the buffer may not need 

to be a permanent feature of the paddock, in light of Johnson’s (1997) view that 

occasional disturbance to fragmentary stands of brigalow vegetation is possibly 

necessary, to ensure they maintain their structural integrity. 

 

In contrast to the fenced buffer, the 70 m extension of the width of the eastern stand 

may not be viewed as favourably by landholders, as it involves taking 3.4 ha of Paddock 

2 out of production (see Appendix 5).  However, given that the eastern stand is 

positioned adjacent to a creek (see chapter 5, Figure 5.1), increasing its width is 

certainly desirable from an ecological perspective, as it will help to further protect the 

watercourse from runoff of sediments, nutrients and other pollutants (Gliessman 1998).  

Riparian areas such as this are also significant wildlife corridors that often 

accommodate plants and animals not found in other parts of the agricultural landscape 

(Boutin et al. 2003).  Ideally, these zones should be extensively buffered from more 

intensively used agricultural areas in order to maintain their integrity (Voller and Boon 

2000). 

 

Reviewing the conventionally-derived scenarios, the ‘production’ scenarios would most 

likely be acceptable to many landholders.  As indicated in the discussion of scenario 

outcomes above, the ‘production’ scenarios were focused on increasing total paddock 

yield.  These scenarios showed an approximate yield increase of 29%, for both the 

‘now’ and ‘100’ designs, compared to the ‘status quo now’ case.  In order to achieve 

this increase in yield, the scenarios retained minimal native vegetation; the two remnant 

stands (in line with native vegetation legislation), as well as the smallest stand of 

regrowth vegetation.  Some landholders may, however, wish to clear the latter stand too, 

so as to obtain maximum production returns from the paddock.  

 

In contrast to the ‘production’ scenarios, the ‘hydrological/ecological’ scenarios are 

unlikely to be well received by many landholders.  As mentioned above, these scenarios 

involved the highest percentage of native vegetation cover (41%).  Accordingly, they 

showed the greatest reduction in total paddock yield, -25% and -38%, for 

‘hydrological/ecological now’ and ‘hydrological/ecological 100’, respectively, 

compared to ‘status quo now’.  Furthermore, although the 100 m width of the regrowth 
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stands in these scenarios might be desirable from an ecological perspective (Wilson et 

al. 2000), this width could be viewed as impractical by many landholders.  Indeed, 50–

70 m is often considered the preferred maximum width for stands of native vegetation 

because once they exceed this width, mustering of livestock can prove difficult (D. Lush 

pers. comm.). 

 

While the ‘hydrological/ecological’ scenarios were designed with an objective of 

minimising deep drainage, the extent to which these scenarios might help to reduce the 

risk of secondary salinisation was difficult to gauge.  Considering results from chapter 

3, which showed evidence of increased deep drainage in the rooting zone of annual 

crops compared to that occurring under brigalow vegetation, it is likely that total deep 

drainage levels in Paddock 2 will be reduced with greater native vegetation cover.  

However, Paddock 2 is only a relatively small area in a broader landscape that has 

inherently saline soils (Isbell 1962, Webb 1984a, Poulton et al. 2005) and has been 

extensively cleared of native vegetation (Southern Brigalow Regional Vegetation 

Management Committee 2003).  A better understanding of property-scale and regional-

scale hydrology is necessary to determine what effect, if any, native vegetation 

enhancements in Paddock 2 will have on landscape health in the longer-term.  

 

6.6.2 Economic versus ecological trade-offs 

Ultimately, whether or not a landholder will be willing to implement a particular 

brigalow-cropping scenario will depend on their perception of economic versus 

ecological trade-offs.  Such trade-offs have been discussed above in a qualitative sense, 

however this study also did quantitative trade-offs analysis.  Percentage changes in the 

ecological variables: deep drainage minimisation area (ha), native habitat area (ha) and 

total number of woody species (weighted index); were assessed with respect to a 1% 

change (either increase or decrease) in total paddock yield (the economic variable).  The 

‘status quo now’ scenario provided baseline values for calculating percentage changes.   

 

In the case of each brigalow-cropping scenario it was found that there were either 

economic gains at the expense of the ecological variables, or ecological gains at the 

expense of the economic variable.  Considering trade-offs results in simple numerical 

terms, the ‘hydrological/ecological now’ scenario arguably produced the ‘best’ 

outcome, with a 1% decrease in total paddock yield being offset by substantially greater 

gains in deep drainage minimisation area (1.82%), native habitat area (2.61%) and total 
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number of woody species (weighted index) (2.24%).  The ‘production now’ scenario 

arguably produced the ‘worst’ outcome, with a 1% increase in total paddock yield 

leading to substantially greater losses in deep drainage minimisation area (-1.95%), 

native habitat area (-1.93%) and total number of woody species (weighted index)          

(-1.67%). 

 

The strong inverse relationships between the economic and ecological variables were 

evident when all the scenario results were plotted together.  Considering economic 

versus ecological trade-offs for Paddock 2 on this basis, a 1 tonne increase in total 

paddock yield would mean decreases of 0.27 ha, 0.23 ha and 0.02 in deep drainage 

minimisation area, native habitat area and total number of woody species (weighted 

index), respectively.  However, while the regression co-efficients are greater in the case 

of the first two ecological variables, there is actually a relatively larger trade-off 

occurring between total paddock yield and total number of woody species (weighted 

index).  This is because the ratio between the maximum recorded value for total number 

of woody species (weighted index) and its regression co-efficient (i.e. 3.85/0.02) is 

greater than similar ratios calculated for deep drainage minimisation area (48.01/0.27) 

and native habitat area (39.47/0.23).   

 

From the above it can be seen that simple numerical trade-offs analysis provides a clear 

and concise representation of the costs and benefits of different brigalow-cropping 

scenarios.  It also provides a means for assessing overall gain/loss outcomes.  However, 

this analysis is limited in the sense that it does not take into account the preferences or 

values of individual landholders.  It is well recognised that socio-economic motivations 

and restrictions strongly influence the management of integrated land-use systems 

(García-Barrios and Ong 2004).  Furthermore, many landholders do not simply operate 

on the basis of hard technical or economic data; their land-use practices are often 

influenced by a range of socio-cultural factors and a personal desire to ‘do the right 

thing’, which has little to do with maximising production and income (Vanclay 2004).  

Thus, depending on their needs, their value system and their level of risk aversion, 

different landholders are likely to apply different weightings to the economic and 

ecological variables. 

 

Landscape context is another factor that could influence weighting values for different 

variables.  For example, while an increase in total native vegetation cover can provide 
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ecological benefits that offset the opportunity costs associated with taking land out of 

production and tree-crop competition; the extent to which such offsets will be effective 

will depend on where a paddock is situated.  If a paddock is positioned in a landscape 

that has, in total, only a relatively small percentage of native vegetation cover (e.g. 5-

10%), the vegetation enhancements undertaken at the paddock scale are likely to have 

limited impact with respect to reducing deep drainage at the larger landscape scale 

(Hatton and Nulsen 1999, White et al. 2002) or in terms of ensuring adequate retention 

of habitat for flora and fauna (Boulter et al. 2000, McIntyre 2002).  Moroever, if a 

particular paddock contains a landholder’s most fertile soil, they may value production 

outputs from this area more highly than production outputs from elsewhere on their 

property. 

 

In light of the above, it could be advisable, for paddock or property scale brigalow-

cropping scenario analysis, to determine weighting factors for different economic and 

ecological variables in conjunction with landholders.  These weighting factors could be 

determined using a technique such as contingent evaluation (Sinden and Thampapillai 

1995).  This would acknowledge the site-specific and management-dependent nature of 

integrated land-use systems (Huxley 1996b) and possibly allow for a more realistic 

assessment of economic versus ecological trade-offs.   

 

In practice, however, determination of weighting values is often a difficult undertaking, 

as techniques like contingent valuation can be undermined by various sources of bias 

(Sinden and Thampapillai 1995, Edwards-Jones et al. 2000, Hussen 2000).  Arguably 

then, simple numerical trade-offs analysis, as performed in this study, will suffice in 

many cases.  This simple analysis can be regarded as providing a useful baseline 

assessment of the outcomes of different land-use scenarios.  Indeed, this baseline 

assessment is likely to prove informative for both researchers and landholders alike, 

particularly in the initial stages of land-use redesign. 

 
6.6.3 Critical appraisal of the scenario analysis framework 

Some of the key issues surrounding brigalow-cropping scenario analysis have been 

discussed above; particularly with respect to the economic versus ecological trade-offs.  

This section focuses on an appraisal of other aspects of the analysis framework. 
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Key inputs for the agronomic analysis were yield values in the tree-crop competition 

zones and ‘open paddock’, and widths of the tree-crop competition zones.  Simulation 

modelling results from chapter 2 allowed for the estimation of long-term average yields, 

and these were subsequently used in the analysis.  In contrast, the widths of the tree-

crop competition zones were based on data from one season (i.e. 2004) only.  Ideally, in 

order to calculate ‘typical’ production outcomes for each brigalow-cropping scenario, 

both crop yields and widths of the tree-crop competition zones should reflect long-term 

average values.  Further field data collection is necessary to obtain a better 

understanding of variations in tree-crop competition zones with seasonal conditions; 

and/or to enable parameterisation of APSIM and subsequent modelling of these zones 

across a range of seasons. 

 

One factor that is often considered in tree-crop studies, but which did not feature in this 

study, is windbreak effects.  It was simply assumed that the extent of tree-crop 

competition was the same, regardless of vegetation stand orientation.  It could be argued 

that such an assumption does not accurately reflect real world conditions; as vegetation 

stands can often provide a protective ‘windbreak’ for adjacent crops and have a positive 

impact on crop yield (Sudmeyer et al. 2002a, Sudmeyer and Scott 2002).  However, in 

defence of the above assumption, Meinke et al. (2002) have shown that yield increases 

behind shelter belts are often difficult to predict and highly variable.  These authors 

state that in any year, the effect of a windbreak can vary from negative, to neutral, to 

positive.  Moreover, in semi-arid regions like the southern Brigalow Belt, the major 

interaction in brigalow-cropping systems is likely to be competition for water between 

the trees and crop (Rao et al. 1998, Huth et al. 2002), as was found in chapter 2.  Thus, 

it is believed that windbreak effects are largely irrelevant in the context of this study. 

 

With the hydrological analysis, the hydrological zone of influence did not vary as a 

function of years since last disturbance; the zone was held constant at 20 m for stands of 

both regrowth and remnant vegetation.  This distance was applied in accord with 

findings from chapter 3, where estimations of the hydrological zone of influence were 

relatively crude, due to soil water dataset limitations.  Effectively, this meant that in the 

brigalow-cropping scenario analysis, the deep drainage minimisation area calculated for 

individual stands varied with stand size only.   
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It is questionable, however, whether hydrological zones of influence would be similar 

for brigalow stands of different years since last disturbance.  Indeed, given the 

agronomic results, where the extent of the tree-crop competition zone was found to vary 

with years since last disturbance (chapter 2), it would not be unreasonable to expect 

hydrological zones of influence to vary with years since last disturbance as well.  

Especially so, when one considers that tree-crop competition is closely related to tree 

water use, as demonstrated in chapter 2.  Further investigation of hydrological zones of 

influence is certainly needed, to arrive at more accurate estimations for land-use 

scenario analysis. 

 

Total paddock yield was a relatively comprehensive and straightforward aggregate 

variable for the agronomic aspect of brigalow-cropping systems.  In contrast, deep 

drainage minimisation area and native habitat area were relatively crude aggregate 

variables.  A more informative indicator of the hydrological performance of the 

brigalow-cropping system would be a direct measure of deep drainage occurring under 

the different land types, and at an aggregate level, under the whole of Paddock 2.   

 

The native habitat area variable was limited in the sense that it did not account for the 

quality or condition of the brigalow stands.  It is recognised, nonetheless, that the other 

general output variables for the ecological aspect of the brigalow-cropping system, 

namely, weighted indices for total number of species, Shannon-Weiner index, tree 

cover, litter cover and grass cover; did express something of the quality of brigalow 

habitat.  It would be useful in future studies to see if these latter variables can be 

meaningfully integrated with a measure like native habitat area and also some indicators 

of landscape context.  Guidance for the development of a more comprehensive 

aggregate ecological variable, that accounts for landscape context as well as 

compositional and structural aspects of native vegetation, could be sought from the 

review of structural complexity indices undertaken by McElhinny (2002) and the 

‘habitat hectares’ approach that has been developed for assessing the quality of native 

vegetation in Victoria (Parkes et al. 2003, McCarthy et al. 2004). 

 

While the brigalow-cropping scenarios investigated in this chapter produced relatively 

predictable results, the exercise nonetheless demonstrates that the basic analysis 

framework developed and applied here, can allow for a useful appraisal of different 

land-use scenarios, from a multidisciplinary perspective.  Conceivably, brigalow-
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cropping scenario analysis could be extended and strengthened through the 

measurement and/or calculation of additional variables, for example, rates of deep 

drainage under different land-uses; fauna richness for brigalow stands of different size 

and different years since last disturbance; changes in soil nutrient status over time and 

also with distance from brigalow stands of different years since last disturbance; and 

carbon storage potential of brigalow stands of different years since last disturbance.  It 

could also prove informative calculating the costs associated with changing from one 

brigalow-cropping design to another (e.g. the cost of hiring machinery and labour to 

clear regrowth vegetation, the cost of erecting a fence around vegetation stands).  In 

addition, it would be worthwhile investigating the potential for using simulation 

modelling to assess regrowth vegetation dynamics and associated changes in the 

agronomic, hydrological and ecological aspects of a brigalow-cropping system over a 

period of time.  However, more extensive collection of field data, covering brigalow 

stands of various years since last disturbance, would be necessary in order to 

parameterise and test a regrowth brigalow-cropping simulation model. 

 

One final point for consideration is that in this study, data collection for the agronomic 

and hydrological variables was done across a relatively small number of field sites 

(chapter 2, n = 5; chapter 3, n = 4) while data collection for the ecological variables was 

done across a relatively larger set of field sites (chapter 4, n = 18).  Ideally, as far as 

possible, data for all variables in land-use scenario analysis should be collected at a 

uniform scale, i.e. across a standard set of field sites.  This would allow for a genuine 

study of the compositional, structural and functional dynamics of a land-use system, and 

investigation of actual trade-offs between the economic and ecological variables. 

 

Overall, the analysis framework developed and applied in this chapter, despite its 

limitations, proved effective for analysing different brigalow-cropping designs in a 

single paddock.  It is believed that in future studies, this framework could be easily 

adapted to a larger scale (e.g. whole-of-property) and extended to encompass other 

variables (as suggested above).  However, it would be advisable, in working at a larger 

scale and with additional variables, to assemble a team of researchers so that the 

multidisciplinary nature of land-use scenario analysis can be efficiently and adequately 

dealt with. 

 



 275

6.6.4 Evaluation of conventional and Goethean approaches to land-use redesign 

The main strength of the conventional approach to land-use redesign is that it can easily 

target and achieve specific outcomes (e.g. increased production, increased native 

vegetation cover).  This strength was clearly evident in the scenario analysis results, 

discussed above.  The conventional designs developed in this chapter could be 

improved, however, by seeking input from landholders with respect to any specific 

objectives they might have for brigalow-cropping systems, rather than simply 

developing the designs in isolation.     

 

Arguably, one of the major drawbacks of the conventional approach, (as discussed in 

chapter 5), is that because it tends to be outcome-oriented, it often looks at landscapes in 

a narrow, compartmentalised manner; focusing on a subset of economic and ecological 

variables that can be expressed in quantitative terms.  This means that the conventional 

approach can potentially restrict our understanding of landscapes and the enormous 

range of values they hold.   

 

The Goethean approach, in contrast, seeks first to understand the landscape of interest in 

holistic, qualitative terms – to appreciate its ‘essential nature’ – and then to develop a 

land-use design on this basis.  It is felt that this deep, intimate level of understanding 

can have a significant impact on the practice of landscape ecology; allowing a 

researcher to develop a greater degree of empathy, a heightened awareness of, and a 

stronger relationship with their landscape of study.   

 

One important issue to consider when contemplating the redesign of agricultural 

landscapes is that landholders often view their properties, and determine their land-use 

practices, in a span of time and space that far exceeds reductionist scientific thinking.  

Hence, approaches like the Goethean method, which seek to comprehend and 

understand landscapes in a spatially, temporally and culturally holistic sense, may 

resonate with many people.  Indeed, if applied in conjunction with landholders, the 

Goethean approach could potentially be effective in terms of influencing land-use 

decision-making and providing inspiration for the development of ecologically-sensitive 

land-use designs.  Perhaps the approach may even help to address the following 

question posed by Johnson (1997: 363): “Suckers are still regarded by landholders as a 

blight on the landscape.  Can this mindset be changed so that they might be viewed as 
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providing an opportunity to conserve as part of balanced property development some of 

our ecological heritage?”. 

 

Possibly, the greatest value of the Goethean approach may not necessarily be in terms of 

land-use redesign per se, but instead, in terms of how it deepens a researcher’s or 

landholder’s awareness, understanding and appreciation of landscapes.  It is thought that 

the most effective brigalow-cropping designs are likely to be achieved by combining the 

conventional and Goethean approaches, rather than applying them separately, as was 

done in this study.  The Goethean approach could provide a foundation for land-use 

redesign, with the conventional approach allowing for a fine-tuning of proposed 

designs, in order to ensure they are in touch with socio-economic realities. 

 

6.6.5 Recommendations for the design of brigalow-cropping systems 

Based on findings from this chapter and earlier chapters, four key recommendations 

have been developed for the design of brigalow-cropping systems, in order to pursue 

both ecological and economic values in the agricultural landscapes of the Brigalow Belt:   

 

(1) It is advisable to develop brigalow-cropping designs in conjunction with 

landholders.  This will help to ensure that the needs and values of the people who 

live and work in these landscapes are acknowledged and incorporated in new land-

use designs.   

 

(2) A mixture of both regrowth and remnant vegetation (as in the case of the ‘now’ 

scenarios) is preferable in brigalow-cropping systems.  This will provide a range of 

habitat types for a range of fauna and flora species, and importantly, lessen adverse 

impacts on agricultural production.  Retention of both regrowth and remnant 

brigalow will also reduce deep drainage.  Most importantly, given current native 

vegetation legislation and policy, integration of both regrowth and remnant 

vegetation with dryland cropping will provide landholders with a greater degree of 

management flexibility than if they simply retained remnant vegetation. 

 

(3) It is essential to consider issues such as landscape scale and context when 

determining the size and placement of brigalow stands in brigalow-cropping 

systems.  There is not an ‘ideal’ or generally applicable brigalow-cropping system; 

the configuration and management of these systems will vary depending on factors 



 277

such as the size of the paddock or property under consideration; the respective 

values placed on meeting different economic and ecological objectives; and where 

the system is sited with respect to landscape features such as watercourses, salinity 

recharge or discharge areas and other areas of brigalow habitat. 

 

(4) It is valuable to explore both conventional and Goethean approaches to land-use 

redesign.  Applied in concert, these two approaches are likely to allow researchers 

and landholders to look at Brigalow Belt landscapes from a novel perspective.  This 

perspective will be grounded in real world socio-economic considerations but have 

the capacity to look beyond the bounds of the Cartesian-Newtonian framework of 

mainstream science, towards a broader range of landscape values and 

conceptualisations.  

 

6.7 Conclusions 
The key finding from this study is that production losses due to the integration of 

brigalow vegetation with dryland cropping, can be substantially offset by gains in the 

ecological variables: deep drainage minimisation area, native habitat area and total 

number of woody species (weighted index).  A simple numerical assessment showed 

that the ‘hydrological/ecological now’ brigalow-cropping scenario, which had the 

highest proportion of brigalow vegetation cover (41%), produced the ‘best’ outcome in 

terms of economic versus ecological trade-offs.  In contrast, the ‘production now’ 

scenario, which had the lowest proportion of brigalow vegetation cover (11%), 

produced the ‘worst’ outcome in terms of economic versus ecological trade-offs.  

Overall, these results suggest that it is worthwhile for landholders to investigate 

opportunities for integrating regrowth and remnant brigalow stands with dryland 

cropping.  Potentially, a paddock-scale brigalow-cropping design that has native 

vegetation cover somewhere between 11% and 41%, might satisfactorily achieve both 

economic and ecological outcomes (as defined and investigated in this study), for many 

landholders. 

 

This study has demonstrated that conventionally-derived brigalow-cropping designs can 

be effectively used to target and achieve specific results.  It is recommended, however, 

that the Goethean approach to land-use assessment and redesign be used in conjunction 

with the conventional approach.  This will promote the development of brigalow-
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cropping systems that take into account socio-economic and ecological factors, and also 

the unique ‘character’ of the landscape under consideration. 

 

In conclusion, this thesis has provided conventional scientific insights (the agronomic, 

hydrological and ecological studies), inspiration (through the exploration of the 

Goethean method), and a practical tool (the land-use scenario analysis framework), to 

assist landholders in the Tara Shire and throughout the greater Brigalow Belt with land-

use visioning; particularly with respect to the development of brigalow-cropping 

systems.  These in-situ tree-crop configurations will be important for reversing 

biodiversity loss, avoiding or mitigating land degradation, and promoting sustainable 

agricultural production in brigalow landscapes – now and in the future. 
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Final Reflections 
 

As with all PhD studies, this thesis embodies an evolutionary cognitive journey, 

experienced by an emerging researcher.  In the case of my particular journey, I started 

out knowing precious little about the agronomy, hydrology and ecology of brigalow-

cropping systems.  However, with the assistance and support of my supervisors, and 

with help from a number of colleagues, I have gathered and discovered a lot of new 

information along the way.   

 

Alongside an evolutionary journey pertaining to conventional scientific knowledge and 

understanding, this thesis also embodies a creative journey.  The latter journey reaches 

its height with the incorporation of Goethean science into the work.  In a sense, the 

thesis can be seen to encapsulate a process of ecological transformation that has taken 

place within the researcher.  This process mirrors the process of ecological 

transformation that is ever-present in landscapes of the outer world. 

 

Indeed, I feel that if we are to respond appropriately to the landscape ecology problems 

that have arisen in landscapes such as Australia’s Brigalow Belt, we need to be in sync 

with the outer environment.  In practical terms this means that to carry out effective 

research and work as landscape ecologists, we must be cognitively supple; with a 

capacity to move beyond conventional paradigms and to transform and evolve our 

thinking just as Nature herself undergoes transformation.  Goodwin (cited in 

Bockemühl 1986: 4) quotes Goethe’s description of the dynamic world of process and 

transformation that needs to be both recognised and realised:  

 

What has been formed is immediately transformed again, and if we are to 

succeed, to some degree, to a living view of Nature, we must attempt to remain 

as active and as plastic as the examples she sets for us.  

 

My PhD journey has thus worked towards achieving inner and outer transformative 

synchronicity.  The following reflection from Bowman (1995: 5) does well to capture 

the process that has taken place: 
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…ecological science can be thought of as a way of ‘talking to 

country’…Country ‘speaks’  in many ways to those who are prepared to pay 

attention. 

Through science I have learnt some of the landscape's story.  I have heard a 

landscape crying out for management.  Therefore I feel obliged to communicate 

that message. The observed has influenced the observer: like the quantum 

physicists, ecologists fundamentally lose absolute objectivity, and like the 

original atomic physicists some ecologists may comprehend sin.  The decisions 

we make today not only affect the continued existence of long lineages of life 

forms, but in a sense those decisions directly affect us.  Why else does extinction 

bother us so much? 
     Bowman (1995: 5) 

 

 

Acknowledging the degree to which landscapes can enter the heart – I look back fondly 

on my days spent in the Queensland Brigalow Belt.  Now, however, it is time to begin a 

new journey.  Driven by great excitement for new ways of conceptualising and 

responding to the challenges of landscape ecology – I venture on – in the direction of 

the movement that is working to integrate quantitative and qualitative science. 
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Appendices 
 

Appendix 1: Regional Ecosystems (REs) of Queensland covered by the listing of 
brigalow ecological communities (Acacia harpophylla dominant and co-dominant) 
as threatened (endangered) under the EPBC Act (Environment Australia 2002) 

 
1. Casuarina cristata +/- Acacia harpophylla on clay plains (RE 6.4.2) 

2. Acacia harpophylla and/or Casuarina cristata on alluvial plains (RE 11.3.1) 

3. Acacia harpophylla and/or Casuarina cristata shrubby open forest on Cainozoic clay plains 

(RE 11.4.3) 

4. Open forest of Eucalyptus populnea with Acacia harpophylla and/or Casuarina cristata on 

Cainozoic clay plains (RE 11.4.7) 

5. Open forest of Eucalyptus cambageana with Acacia harpophylla or A. argyrodendron on 

Cainozoic clay plains (RE 11.4.8) 

6. Acacia harpophylla shrubby open forest with Terminalia oblongata on Cainozoic clay plains 

(RE 11.4.9) 

7. Eucalyptus populnea or E. pilligaensis, Acacia harpophylla, Casuarina cristata open forest 

on margins of Cainozoic clay plains (RE 11.4.10) 

8. Acacia harpophylla and/or Casuarina cristata open forest in depressions on Cainzoic sand 

plains/remnant surfaces (RE 11.5.16) 

9. Acacia harpophylla-Eucalyptus cambageana open forest on Cainzoic fine-grained 

sedimentary rocks (RE 11.9.1) 

10. Acacia harpophylla and/or Casuarina cristata open forest on Cainzoic fine-grained 

sedimentary rocks (RE 11.9.5) 

11. Acacia melvillei +/- A. harpophylla open forest on Cainzoic fine-grained sedimentary rocks 

(RE 11.9.6) 

12. Acacia harpophylla open forest on deformed and metamorphosed sediments and 

interbedded volcanics (RE 11.11.14) 

13. Acacia harpophylla open forest on igneous rocks; colluvial lower slopes (RE 11.12.21) 

14. Acacia harpophylla open forest on Cainzoic igneous rocks (RE 12.8.23) 

15. Acacia harpophylla open forest on sedimentary rocks (RE 12.9-10.6) 

16. Acacia harpophylla open forest on Mesozoic to Proterozoic igneous rocks (RE 12.12.26) 
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Appendix 3: Brigalow stand information collected from landholders 
 
Property: 
 
 
 

Paddock: 

Time since last disturbance: 
 
 
 
Brigalow stand dimensions or approximate area: 
 
 
 
Brigalow disturbance/clearing history – please specify the number of times the stand has 
been disturbed/cleared, as well as disturbance/clearing dates, the type of practices used, and 
how successful they were: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Grazing history – please specify practices that have taken place in and around the stand: 
 
 
 
 
Natural disturbances – please specify any disturbances (e.g. fire) that have affected the 
stand, including the year of occurrence: 
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Appendix 4: Field notes for Step 1 of the Goethean method – detailed description 
of Paddock 2 
 

Western regrowth brigalow stand 
• Dense clumps of trees, approximately 3–6 m tall, mainly positioned on ridges 
• Morning sunlight making some of the brigalow leaves appear almost translucent 
• The interplay of light and shade producing dappled hues of bright green, orange, brown, 

cool green, dark green on the brigalow foliage 
• Small birds flitting in and out of the regrowth clumps 
• Cattle hoof prints throughout the stand 
• Cattle dung (both old and fresh) scattered on the ground.  Scent of dung occasionally 

picked up depending on the direction of the breeze and my position in the stand 
• Breeze whispering through the trees and gently shaking their foliage 
• Flies buzzing around, encircling my body 
• Leaf litter lying in organic shapes underneath the clumps of trees 
• Occasional litter (leaves, twigs, bark, sticks) scattered around the areas bare of 

vegetation 
• Tree trunks relatively straight with the occasional lean to one side 
• In most cases, foliage distributed from the base to the top of the trees 
• Foliage has a fresh, earthy smell 
• Birds heard calling in the distance 
• Ants scurrying along the ground 
• A dragon fly rising above the clumps of regrowth and insects randomly flying 

throughout the stand 
• Pockets of warmth and coolness 
• Very little ground cover, approximately 15%.  Ground cover is a mixture of dead as 

well as green, succulent plants 
• Skeletal bones scattered on the ground 
• In some sections of the stand, brigalow suckers clustered tightly as an almost 

impenetrable wall – forcing me to skirt their edges 
• Small, cool, quiet passage-ways between some of the brigalow clumps 
• Western side of the stand bordered by very young suckers 
• Snail shells scattered throughout the stand 
• Vehicle tracks passing throughout the stand – revealing an entry/access point 
• Very low vegetation diversity – brigalow suckers dominant 
• Small birds jumping from branch to branch 
• Occasional tree root protruding from the ground 
• A large ant colony with 19 entrance holes.  Soil arranged to show microtopography on 

microtopography 
• Soil surface dry and cracked – breaks up easily underfoot with a soft kick of the earth 
• Gentle undulations delineating positioning of sucker clumps.  In some cases,  

approximately 40 cm between the top and bottom of the undulations 
• Wind travels with noticeably greater force through the open gaps in the stand 
• Occasional spiky/spiny shrub 
• Dead, rotting prickly shrub 
• Wide open area with no trees – a passage-way to the cultivation area of the paddock.  

There is more groundcover in this area and the soil surface is scattered with small little 
round balls of dirt 

• Brigalow leaves show slender curvature – generally the end tip is pointing downwards, 
towards the ground 

• Coarse, dark bark 
• Fragile litter – crunches underfoot 
• Lone beer bottle on the ground 
• Kangaroo dropping scattered throughout the stand 
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• Soil is lighter brown on slopes and tops of ridges, darker brown in shallow pit areas 
• A smaller ant colony with 14 entrance holes 
• Butterfly floating throughout the stand 
• Where clumps of brigalow are very dense I cannot see what lies beyond 
• An access road runs along the eastern edge of the stand.  This edge is not straight, it juts 

out into the Paddock at its midway point 
• Very few logs/branches on the ground.  They are ≤ 6 cm in diameter 
• When brushing past the foliage it feels rigid, slightly spiny, and it gently scratches the 

skin 
• Occasional spider web strung between the trees and leaves 
• Large, cleared paddock access/entry point in the north-west corner.  Lots of ground 

cover.  The soil surface is scattered with small, round balls of dirt.  There is evidence of 
recent clearing and burning of brigalow vegetation on the northern side of this access 
point 

 
Cultivation area 

• Grey wheat stubble from last season.  Stubble is mostly standing upright, although in 
some places it is leaning over 

• Stubble running in E-W rows.  The rows are spaced approximately 30 cm apart, 
although the occasional row is skipped, showing a larger gap 

• Stubble crunches and breaks underfoot 
• The sun is warm on my back – there is no shade for shelter – but an occasional breeze 

brings cool relief 
• Macropod droppings scattered throughout the cultivation area 
• Lone bird flying overhead 
• Grey/brown soil surface is dry and cracking, it breaks up easily with a gentle nudge of 

the foot 
• Paddock appears to rise slightly from north to south 
• An occasional brigalow sucker rising above the wheat stubble 
• Very few weeds present, and those that are, are mostly dead 
• Occasional rock or piece of bark in the paddock 
• Old and fresh cattle dung scattered in a few places.  Cattle hoof prints too 
• Flies encircling and buzzing around my body 
• Birds can be heard calling in the distance 
• Breeze seems to be blowing in a N-E to S-W direction 
• Occasional insect flittering amongst the wheat stubble 
• The odd ant scrambling over the soil and stubble 
• Wheat stubble has a nondescript smell and is, on average, approximately 20 cm high 
• I catch the occasional smell of cattle dung depending on my position in the paddock and 

the strength with which the wind is blowing 
• Lone butterfly fluttered past 
• Dry, discarded cocoon attached to wheat stubble 
• The wind plays about my ears 
• Slight undulations across the paddock showing light and dark areas of wheat stubble 
• One brigalow sucker, approximately 40 cm high, has low to the ground, splayed 

branching.  Some of the foliage is brown.  The stems are robust and anchored firmly in 
the ground 

• Smoke seen rising in the distance, in an easterly direction, billowing up into the sky in 5 
columns 

• Occasional patch in the paddock where the stubble is less dense and the ground is 
relatively bare.  This often occurs on a slight rise 

• 15 kangaroos moving along the southern edge of the paddock 
• Very still and quiet area 
• Heat waves seen on the horizon, travelling across the top of the stubble 
• Skeletal remains of a kangaroo scattered across the paddock 
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• The occasional dry sorghum leaf found lying in the paddock 
• Wheat stubble is flattened a lot more around the edges of the paddock 
• Quite a few regrowth suckers scattered throughout the eastern end of the paddock 
• The paddock slopes down towards the creek at its eastern end 

 
Southern regrowth brigalow stand 

• Access road running alongside the stand 
• Regrowth, 3–7 m in height, occurs in dense clusters, mainly positioned on ridges 
• Relatively more ground cover (35%) in this stand compared with the western stand.  

Ground cover shows greater floristic diversity too – and shades of green, yellow, brown, 
red, orange, grey, pink and blue.  Ground cover in this stand is a lot more succulent.  No 
ground cover seen in low-lying areas 

• Old cow dung scattered throughout the stand 
• Slightly undulating surface – with 50 cm from top to bottom 
• Brigalow trees show similar characteristics to previous stand 
• Sun is very warm on my back 
• This stand is a lot quieter than the western stand.  Birds heard calling in surrounding 

areas 
• Ants scurrying over the ground 
• Litter crunching underfoot 
• Flies buzzing around, encircling my body 
• A bird was heard rustling brigalow foliage.  It was then seen to be looking at the foliage 

curiously 
• Small ant nest with 6 entrance holes 
• Fresh and old kangaroo/wallaby droppings scattered throughout the stand 
• Soil feels soft and crumbly underfoot 
• Litter, twigs, bark, logs and branches scattered throughout the stand.  Most logs ≤ 6 cm 

in diameter 
• Low lying areas show lots of cattle hoof marks 
• Northern edge of stand bordered by a wire fence 
• Southern edge of stand not bordered by a fence and is relatively uneven 
• Large ant nest with 34 entrance holes 
• Overhead sky is very blue – virtually cloudless 
• Only a very slight breeze moving through the trees and encircling my body – 

occasionally moving the foliage gently from side to side 
• Two birds fly out of a tree suddenly, having been disturbed by my presence.  In turn, 

they disturb me 
• Large ant nest with 56 entrance holes 
• Group of birds babbling and squawking in a tree – they fly out of the tree and move 

easterly through the stand 
• Ants carrying bundles 2–3 times their own size 
• A dark, olive-green feather on the ground with a brown underside 
• First ‘half’ of this stand ends abruptly – but then is joined by a similar stand of regrowth 

that sits approximately 25 m into the paddock, and continues all the way to the eastern 
end of the paddock.  The latter stand has the access road and wire fence on its southern 
side and no fence on its northern side 

• Group of birds squawking, babbling and squeaking in the second half of the stand 
• Vegetation in the second half of the stand is less dense – the cover is very patchy, with 

lots of open space.  There is a lot more ground cover, approximately 70%, it almost 
looks like a carpet 

• Fresh and old cattle dung scattered on the ground.  The scent of the dung can be 
detected in the gentle breeze 

• A lone dying prickly pear 
• A large ant mound 50 cm high with 26 access holes 
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• The southern stand, as a whole, predominantly consists of brigalow regrowth – there are 
very few additional tree/shrub species 

• A butterfly fluttering in the breeze 
• Stock watering point at the eastern end of the stand in a clear, open space.  Cattle hoof 

prints mark a definite track to the watering point – showing the most direct route across 
the bottom south-east corner of the paddock 

 
Central remnant brigalow stand (i.e. the Heart) 

• Lots of little brigalow suckers, approximately 10–40 cm tall, positioned around the 
edges of the stand 

• Access road running around the entire stand 
• Old and fresh cow dung scattered throughout the stand 
• Tall brigalow and belah trees, up to 12 m high 
• Young brigalow suckers scattered throughout the stand 
• The stand is very quiet and still – silence broken only by the occasional bird movement 

or call, or creaking branch 
• Ants scurrying along the ground – greater ant diversity in this stand compared to the 

other stands 
• Macropod droppings on the ground 
• Many of the brigalow trees are on a lean – very few standing upright 
• Lots of orange/brown/grey leaf litter on the ground, crunching underfoot 
• Lots of fallen timber – tree trunks, branches, sticks and bark 
• Wilga shrub understorey 
• Ground cover both dead and alive – approximately 30% coverage – green, yellow, 

orange and brown 
• Lots of snail shells on the ground 
• Flies buzzing around my body 
• Crickets chirping 
• Birds heard calling in the distance 
• The air is very still – can barely detect a breeze inside the stand – but occasionally, the 

breeze picks up a little 
• Butterfly fluttering through the stand 
• Approximately 25% tree cover 
• Wallaby sheltering in the stand 
• Undulating ground – up to 60 cm between the tops of the ridges and the bottom 
• Dead, standing trees scattered throughout the stand 
• Spider web strung between the trees 
• Tree trunks and branches twisted and contorted into irregular shapes 
• Shadows cast by the trees provide cool relief from the hot midday sun 
• Mistletoe present in some trees 
• Small, prickly shrubs scattered throughout the stand 
• A bird suddenly, hurriedly, flies out of a tree – mutual disturbance 
• Ant mound with 31 entrance holes 
• Vegetation is giving off a raw, earthy scent 
• Bright yellow butterfly fluttering throughout the stand – quite distinct from other 

butterflies observed earlier 
• In some areas, fallen tree trunks appear to be arranged in an almost orderly, parallel 

fashion 
• Dappled light highlighting ground cover form and composition 

 
Eastern remnant brigalow stand 

• Greater vegetation diversity in this stand, compared to the other stands 
• Soil has more of a red/brown tinge rather than a grey/brown tinge, at the southern end 

of the stand 
• Bird nest sighted in a tree 
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• Mistletoe in some trees 
• Clumps of lime bush and wilga shrubs present 
• There is a fence on the eastern side of the stand with a road running alongside the fence.  

A creek is situated on the other side of the fence.  There are a few gated access points 
from the paddock to the creek side of the fence 

• Large areas of shade provide cool relief from the hot sun 
• Lots of bird life surrounding the stand, particularly in trees alongside the creek 
• Short, tussocky ground cover – mostly yellow and brown, with an occasional green 

tinge.  Approximately 35% cover.  Both soil and ground cover is dry and crunchy 
underfoot 

• Tree trunks, logs, branches and litter scattered throughout the stand 
• Occasional pile of logs 
• A few dead standing trees 
• A wallaby grazing in the stand 
• There are clusters of trees and shrubs and then wide open spaces 
• Two small bird nests positioned in two adjacent lime bushes 
• Ant best with 9 entrance holes 
• Lots of hoof prints throughout the stand 
• Old and fresh cattle dung as well as macropod droppings 
• Ants scurrying along the ground but in relatively less numbers than seen in the central 

remnant stand 
• At the northern end of the stand, brigalow vegetation starts to dominate.  The soil has 

more of a grey tinge at this end of the stand and undulations start to reappear 
• A hare seen sheltering amongst lime bushes and another seen hopping through the stand 
• Ant nest with 27 entrance holes 
• Soil is particularly loose, dusty and easily disturbed in areas where cattle have travelled 

recently 
• There is an unusual, prickly, cactus-type plant growing underneath a clump of lime 

bush 
 
Northern regrowth brigalow stand 

• Access road on the southern side of the stand 
• Cluster of very young regrowth suckers at the eastern end of the stand 
• Soil has a brown tinge at the eastern end of the stand 
• Undulating soil 
• Occasional large fallen tree trunk 
• Fresh cow dung 
• Regrowth brigalow trees mainly 3–7 m in height 
• Regrowth positioned in clumps but not as dense as in other regrowth stands – especially 

at the eastern end of this stand 
• Dense clusters of lime bush at the eastern end of the stand 
• Positioned perpendicular to another regrowth stand in the next paddock 
• A couple of brigalow trees show atypically fine, long, narrow leaves 
• Ants scurrying about on the ground 
• Ant nest with 32 entrance holes 
• Soil is light, dusty and easily disturbed in areas where cattle have travelled recently 
• Grey/brown leaf litter arranged in organic shapes underneath the trees 
• Two vehicle access points through the middle of the stand 
• Birds seen flying overhead 
• Tree trunks, branches, bark and litter scattered on the ground 
• Ant nest with 33 entrance holes 
• A single bird flitting through the stand 
• Soil starts to show greater undulations and starts to loose its brown tinge as you move 

from east to west through the stand 
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• Afternoon light shining on the brigalow foliage making it appear bright and almost 
translucent 

• Shadow areas provide cool relief from the warm afternoon sun 
• Regrowth clumps start to get denser as you move east to west 
• Macropod dropping scattered throughout the stand 
• Ant nest with 28 entrance holes 
• Birds heard calling and flapping their wings in the stand 
• Flies encircling, buzzing around my body 
• Crows heard calling in the distance 
• Single brigalow tree with lots of globular structures on it 
• Butterfly fluttering through the stand 
• Ground cover varies throughout the stand – very sparse in some places but quite thick in 

other places.  Mostly brown and yellow in colour, with the occasional green and pink 
tinge 

• A scattering of regrowth poplar box trees occurring in one section of the stand – in 
marked contrast to the brigalow regrowth 

• Ant nest with 26 entrance holes 
• Two large piles of brigalow tree trunks and branches on the northern side of the stand 
• An access road running along the northern side of the stand with the occasional cluster 

of regrowth suckers popping up 
• Birds singing amongst the brigalow regrowth 
• Skeletal remains of a cow scattered throughout the stand – cow hide lying alone, empty 

and flattened 
• More diverse shrubby regrowth in this stand compared to the other regrowth stands 
• Dragon flies flittering throughout the stand 
• Quite a few clusters of lime bush 
• Some areas of the stand show soil that has been heavily disturbed by cattle – definite 

cattle tracks 
• Birds flitting about and perching on small shrubs 
• Ant nest with one large, central access hole – different to all of the other ant nests 
• Snail shells scattered throughout the stand 
• A large pile brigalow tree trunks and branches at the western end of the stand – and also 

an area covered in young sucker regrowth 
• Both the southern and northern sides of the stand show relatively straight boundaries 
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