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INTEGRATED MANAGEMENT OF WOODY WEEDS

B .M. Al chin, Western Lands Commission, Box 4351, Sydney.
N.S.W.

R.H. Smith, Western Lands Commission, P.O. Box 157,
Condobolin, N.S.W.

Encroachment by woody weeds is a serious threat to
rangeland stability and productivity over large areas of
semi -arid Australia. The control and management of the
problem is severely limited by both economics and
logistics.

The advantages and disadvantages of available control
methods are listed in Table 1.

Table 1 : Advantages and disadvantages of individual
methods of control for woody weeds

Method Advantages Disadvantages

Fire . Economic over
large areas

Infrequent opportun-
ities because of
seasonal /fuel condition
requirement.

. Response is dependent
on shrub species and
size

. Destocking required
before and after fire

. Risk of erosion after
fire

Clearing
(chaining,
root raking,
bulldozing,
blade
ploughing)

. Shrubs are
removed

. Pasture response
may be rapid
(although with
blade ploughing
it is often
slow)

. High cost /unit area
. Erosion risk
. May stimulate regrowth

of shrubs
. Usually requires follow

up treatment at an
earlier stage

Chemical . No erosion risk
. Dead, standing
shrubs may
protect pasture
regeneration

. Can be applied
at any time

. High cost
. Some loss of pasture
. Response is dependent
on shrub species and
size

GO3ts . Control "method"
produces
saleable product

. Not all species are
palatable - ie. limited
to defined areas

. Cost of fencing, etc.

The disadvantages for each method may result in reductd on
of its period of effectiveness, restriction of the
situations to which it can be applied or reduce its
economic return.

Most woody weeds are native species and complete
eradication is neither feasible, nor necessarily
desirable. However, this is not the case with exotic
woody weeds. The implementation of control methods aims
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to reduce or maintain plant densities at levels acceptable
to the primary use of the land. For example, with
pastoral lands, woody weed density should not result in
reduction of pasture production or interference with
livestock management or movement. Furthermore, the
density of woody weeds should be limited to a level which
restricts the seed resource in order to minimise further
encroachment.

Need for Integrated Management
The nature of the woody weed problem and the limitation of
individual control methods necessitate that land managers
use as wide a range of techniques as possible. However,
the simple combination of methods may not necessarily
provide the most economical and successful control.

Definition
Integrated control of woody weeds is a management system
that utilises all appropriate techniques to reduce the
plant population and maintain it at a level below that
causing economic loss. This is achieved by organising
available techniques into a flexible control programme.
The result is control of woody weeds with minimal
disturbance to the ecosystem.

Integrated management of woody weeds is part of overall
land management. This is a basic difference from the
"control of woody weeds" approach. In contrast,
integrated management emphasises the rangeland ecosystem,
as well as taking into account economic aspects.
Nonetheless, the integrated approach provides a predictive
and controlled approach to catastrophic encroachment
events.

An important aspect of integrated management is the
availability of alternative decisions.

Development of a Programme
Where integrates management of woody weeds is proposed, it
is essential that it be developed as a long -term
programme.

A programme must be designed to identify susceptible areas
and to facilitate appropriate steps to minimise potential
encroachment. However, such a programme would also
include management and control of existing stands of woody
weeds.

The first step in the development of an integrated
rrogramme is to clearly define the broad objectives of
land use. For example, in the pastoral lands, these would
be wool or meat production. The plan is then developed in
relation to an inventory and evaluation of available
resources.

Most State Government Departments have a programme for
preparation of resource inventories on a property basis.
In the Western Division of N.S.W., the Soil Conservation
Service prepares Property Resource Plans. These Property
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Resource Plans include a guide to the species and density
of woody plants and can be used to provide the necessary
information to decide if shrub control is needed, where it
should be implemented, and the species which should be
to rgetted.

When the inventory has been evaluated, a plan can be
developed which takes into account:

* inventory factors (eg. property size, etc.)
* species and density of shrubs
* finances available
* feasible application methods.

Flexibility must be included to allow for unforeseen
circumstances (eg. wildfires, seasonal conditions
favouring different woody plant species, variability in

financial resources). Development of new technology must
also be taken into account.

Implementation of a Programme
I t is not possible to develop a generalised programme
which is applicable to all situations. Each property and
paddock is different and available resources vary greatly.
Nonetheless, there is a common framework for developing a

programme and an example of this is illustrated in Figure
1.

Fig. I Schematic development of an integrated
programme for control of woody reeds

Define Objectives

Resource Inventory

Assess Resource Potential

Available Methods, Resources

Determine Feasible Methods

Economic Analysis

Develop Programme

Implement Programme

Evaluate Impact of Treatments

New Technology

Unforeseen Circumstances

Re-Plan
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Relatively small areas, ie. up to several hundred
hectares, should be treated at any one time. (The
exception to this may be the use of prescribed burning in
a large paddock) . I t is preferable to have small areas
where effective shrub control has been implemented, rather
than large areas on which encroachment may reoccur before
follow up treatment can be applied. Once an individual
area has been developed to an acceptable density of woody
plants, only an ongoing maintenance programme is

necessary. However, in seasons when there is a large
scale establishment of shrubs it may be necessary to
implement a broad scale programme (eg. prescribed burning)
before shrubs mature. As the shrub seed source is

progressively reduced by an effective control programme,
the incidence of massive germinations will be reduced and
only localised treatment should be required.

Evaluation of a Programme
Integrated programmes should have quantitative objectives
in terms of maximum acceptable levels of both woody plant
density and economic loss. This allows for accurate
evaluation of the success of programmes.

Records should be kept and evaluation of the results of
past decisions should be made to ensure that ongoing
decisions are the most appropriate. This can only be done
with any accuracy if written records (and photographs,
where appropriate) are maintained. These records should
also include vegetation response and livestock numbers in
paddocks. With good records, it is possible to ascertain
the value of treatments in terms of the land resource and
economics.

Grazing ;Management
trazi ng management is the basic system into which a shrub
control programme is implemented. Success in shrub
control cannot be expected unless sound grazing management
is used.

Although most pastoral properties involved set -stocking,
for shrub control to be successful', it may necessitate
further development of grazing management. For example,
it may be of value to rest a paddock to allow the vigour
of desirable pasture species to increase in order to
mitigate the rate of shrub encroachment.

Application of Integrated Management
Pastoralists in western N.S.W. have had variable success
with one or more methods of control (Alchin, 1986; Smith,
1987). However, it is proposed that effectiveness *of
woody weed control would be greatly enhanced if integrated
management programmes were adopted.

References
Alchin, B.M. (1986). Woody weed encroachment in

western N.S.W. In: Proc. 10th National Conf. on
Noxious Plants anTAnimals.

Smith, R.N. (1987). Rehabilitation of shrub infested
areas in the Cobar district. Unpublished report.



THE ECONOMICS OF PRESCRIBED BURNING FOR SHRUB MANAGEMENT
IN THE SEMI ARID RANGELANDS OF N.S.W.

D.M.N. Burgess
Department of Agriculture, P.O. Box 286, Cobar N.S.W. 2835

Summary. Prescribed burning in the semi -arid rangelands involves
planning a controlled fire in a specific area, for the purpose of
managing shrub encroachment. The economics of this practice are
outlined in this paper. Having examined the costs and benefits of
prescribed burning it becomes apparent that it is an economically
appropriate option for broadacre shrub management. Nevertheless, it is
important for users to understand the possible cash -flow impacts of
prescribed burning, in an effort to identify the maximum area of a
property that can be burnt during an appropriate year.

INTRODUCTION

The encroachment of native shrub species is recognised as the most
serious ecological problem and impediment to agricultural production in
some areas of western N.S.W. (2,3,4,). Years suitable for prescribed
burning occur only when reasonably wet seasons produce sufficient fuel.
During these seasons it is imperative for users to recognise the
opportunity and plan to burn as many paddocks as possible. However,
like any program of property development, there are costs and benefits
which must be evaluated.

COSTS

Building firebreaks The necessary width for firebreaks depends upon the
type and density of the plant community, the amount of fuel, and the
incidence of natural firebreaks (e.g. claypans, stony ridges or existing
roads). Firebreaks can be graded using owner -operated machinery, or
contractors may be employed. Firebreaks are less expensive, and burning
less risky, if backburns are used to widen the firebreaks.

Lighting and controlling the fire These include costs for lighter fuel,
labour and operating fire units. These requirements are different
according to the size of the burn and perimeter of the paddock. Labour
on the day of the burn is usually voluntary. Public liability insurance
is often adequately covered by standard policies held by landowners.

Loss of income due to reduced grazing Prior to the burn it may be
necessary to "spell" the paddock so as to allow the accumulation of dry
matter as fuel for a burn. The decision'to spell a paddock must be made
after sufficient rain has fallen. Six to twelve months is a reasonable
period for fuel accumulation. In fact, during good seasons the period
of paddock spelling may be much less.

Post -burn spelling may impose a considerable cost upon graziers
conducting a prescribed burn. Havilig completed the burn it is advisable
to keep livestock from the burnt paddock until sufficient rainfall
induces pasture recovery and the re- seeding of desirable grasses,
particularly perennials. The fire will be more effective because
perennial grasses will compete for moisture and nutrients with any shrub
seedlings that emerge after the burn. To implement this practice it may
be necessary to sell stock or more heavily concentrate them onto the
remainder of a property. The spelling period for a burnt paddock may
range from a few months to two years or even longer.



BENEFITS

Livestock production resulting from prescribed burns Livestock
production is extremely variable from one year to the next in the
Western Division of N.S.W., being very much dependant upon seasonal
conditions. Nevertheless, production characteristics are substantially
better on properties with low densities of shrubs. Production figures
for the self -replacing merino flock are likely to be characterised by an
average lamb weaning of 70%, and an adult wool cut of 5.5 kg. A
carrying capacity of one dry sheep equivalent (DSE) per 5 ha is
consistent with this. In comparison, a reasonably typical property
suffering from the effects of shrub encroachment, would experience
variables such as a 45% lamb weaning, 4.5 kg wool cut and carrying
capacity of one DSE per 6 ha.(G.J. Markwick, pers. comp. 1986). A
single prescribed burn is unlikely to completely turn back the
ecological landslide that has taken place. A second or third burn may
be required to achieve this, and so reinstate animal production. Thus,
it is necessary for prescribed burning to become an integrated part of
property management.

Livestock production will continue to deteriorate further if burning is
not adopted (Burgess, unpublished data). Shrub encroachment reduces
grass and herbage growth, increasing run -off and soil erosion because of
the lack of ground cover. Evidence from some of the most badly
encroached areas of the semi -arid woodlands indicate that sheep
productivity may be drastically reduced. The self -replacing merino
flock production is typified by a 30% lamb weaning, 4 kg wool cut and
carrying capacity of one DSE per 8 ha. Such characteristics may evolve
over 20 to 30 years unless burning is used to prevent their gradual
decline.

Reduced mustering costs Conventional mustering (with motor bikes or
other vehicles) is extremely difficult in paddocks infested with mature,
dense shrubs. The vegetation presents a physical barrier, reducing
visibility and movement. In some instances graziers have found it
necessary to muster by aircraft, or trap stock at watering points; in
the latter case a "clean" winter muster is virtually impossible. The
time taken to muster a paddock is reduced by as much as 50% after a
burning, and up to 60% after a second burn. When motorbike running
costs and labour are valued the savings are significant.

Land value Cpen country, with easier management, higher carrying
capacity and superior animal production is valued more highly.
Prescribed burning has an impact on land value because these aspects are
improved after a burn program. Although an increase in land value is
not realisable during the continuing process of agricultural production,
higher land prices will be realised in the event of property sale.
Similarly, the capital improvement is beneficial for future generations.

E.CONCMICS

To illustrate the economic feasibility of prescribed burning it is
necessary to consider the likely range of costs and benefits. Table 1
summarises the profitability of burning 2000 ha, over a range of
differing seasonal and livestock production responses occurring after
the burn. The outcomes are:
Outcome 1 A modest livestock production response after an initial burn,

with a post -burn spelling period of 6 to 12 months.
Outcome 2 A modest livestock production response after an initial burn,

with a post -burn spelling period of 18 to 24 months.
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Outcome 3 Stock production increases not occurring until after a second
burn, with a post -burn spelling period of 6 to 12 months.

Outcome 4 Stock production increases not occurring until after a second
burn, with a post -burn spelling period of 18 to 24 months.

Table 1. The profitability of burning 2000 ha, for a range of post burn
seasonal and livestock production outcomes.

1

Outcome
2 3 4

Livestock production

Pre -burn
After first burn

45% lambing; 4.5 kg wool; DSE /6 ha

Lamb weaning (%)
Wool cut (kg)
Carrying capacity (ha /DSE)

After second burn (10 yrs later)

55 55 No change
5 5 from pre -burn
6 6 production

70% lambing; 5.5 kg wool; DSE /5 ha

Post -burn paddock spelling period
(months)

6 -12 18 -24 6 -12 18 -24

Measures of profitability -

Net return ($) 51,242 41,787 44,638 36,004

Payback period (years) 3 5 6 12

Internal rate of return (%) 42.8 29.8 28.1 20.4

The following measures are commonly used to assess the profitability of
property development.

Net return Net return is the difference between the total benefits and
total costs accruing over a 20 year period when burning 2000 ha. Table
1 illustrates that for all four outcomes the net return is significantly
positive, ranging from approximately $36,000 to $51,000.

Internal rate of return (IRR) Because'very little capital investment is
required to conduct prescribed burns there is little value in assessing
the rate of return on the marginal investment involved. However, the
internal rate of return represents the compound interest that the
project would return.

An IRR that exceeds 20% for rural property development is recognised as
desirable. Thus, prescribed burning presents itself as a most feasible
option using this measure of profitability because the IRR's range from
20.4% to 42.8%.

Payback period Pay -back period is the length of time after the first
prescribed burn before the short -term costs are compensated by the
longer -term benefits. This indicator may be important for many
graziers whose annual income and cash reserves are limited. While the
payback periods for the possible outcomes vary, the range compares
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favourably with some pasture improvement practices in the more reliable,
temperate production zones.

For example, in the most favourable situation when the post -burn dry
spell is sufficiently short to have the burnt paddock destocked for 6 to
12 months, the payback period is three years, which is extremely
favourable.

In the event of an unfavourable outcome, the withholding period is
relatively long, with few livestock production benefits realised. In
such situations the economic feasibility of prescribed burning relies
on such benefits as reduced mustering time, prevention of further
productivity decline and maintaining the value of the land. The present
economic analysis revealed a 12 year period before the benefits offset
the cost of burning and the loss of income. This result is further
conditional on pasture production responses after a second burn.
Property improvement via fire management is a long -term option.

DISCUSSION

Prescribed burning is a profitable technique for managing undesirable
shrub species. Under the more favourable circumstances, the costs of
burning are quickly compensated by the increased profitability of sheep
production. Furthermore, even when post -burn seasonal conditions are
not favourable, burning is still an economic option, despite quite long
payback periods. However, it is important for intending users of fire
management to evaluate the cash -flow impact of burns of various sizes,
so as to determine the maximum area for burning in an appropriate
season. Graziers should:
* Calculate the costs of firebreaks for various sized burns
* Calculate the costs of controlling the fire for these same areas.
* What loss of livestock production in the year of burning, and the

year after, will be. experienced directly because of the burn, if
significant rain does not fall? Estimate. this cost for each area.

* Using these estimates it is possible to calculate the total costs of
conducting a burn over different sized areas, for each of the first
two years after a burn.

* The question, "how much area do I burn?" is determined by what is
affordable. Anticipated cash -flows should be able to absorb the
impact of carrying out a prescribed burn.

Entire paddocks must be burnt in preference to sections of paddocks. By
withholding stock from a paddock in preparation for a burn, and later to
allow pasture recovery after the fire, stock feed is being lost. Users
should attempt to burn the whole paddock so that maximum benefits
outweigh this cost. Secondly, because improved visibility and mustering
are significant advantages from prescribed burning, large time savings
for mustering and stock management such as blowfly control, will only
accrue when most of the paddock is burnt. If only a portion of the
paddock is burnt then as soon as mustering begins, the sheep seek refuge
in the unburnt areas.

REFERENCES

1. Burgess, D.M.N. 1987. Farm Business Notes No.34. (NSW Dept. Agric.)
2. Condon, R.W. 1976. N.S.W. Agric. Gaz. 87, pp.46 -47
3. Harrington, G.N. 1979. Aust. Rangeland J. 1, pp.334 -45
4. Hassall and Associates. 1982. An economic study of the Western

Division of N.S.W. Report prepared for the Western Lands
Commission, pp.72 -74
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Phenology of Prickly Acacia (Acacia nilotica subspecies indica
(Benth.) Brenan) in North -TYest Queensland.

J.0. Carter and D.C. Cowan

Introduction: Acacia nilotica was introduced into Australia from
the diddle East in the early 1900s. Since this time it has
spread rapidly and an estimated 6.5 million hectares of iitchell
grass plains of Central and Iïorth -West Queensland now have some
degree of infestation.

Plants have also been recorded in New South T7ales, South
Australia and the Northern Territory. All evidence suggests that
the species will continue to increase its range and density.
Large increases in spread and density appear to be associated .
with the runs of above average wet years. eg: mid 1970's. Over
large areas of north western Queensland trees have been actively
planted along bore drains to provide shade for stock. Trees with
a permanent water source produce a large seed set every year (up
to 175,000 seeds per tree have been measured). These trees act
as a loci for spread via animal vectors.

The species has quality browse with leaf material being 16 - 17%
protein. Seed pods are also nutritious with a digestibility of
67% and a protein content of 13 - 17% (Pollock 1926). Away from
permanent water, leaf production is low and up to 75% of leaves
fall before the end of the dry season. Pods set on trees away
from water is limited in normal seasons by water stress.
Measurements made in April 1987 indicated that less than 180
kg /ha of leaf material was available ( to 2m height) for Prickly
Acacia at a density of 420 trees per hectare averaging 3.4m
high. The availability of browse depends on tree size and
seasonal conditions. A knowledge of the growth patterns of this
species should enable optimum timing of herbicide application
and cutting for forage.

Materials and Methods: All measurements were carried out at
Toorak Sheep Field Research Station, Julia Creek (21° 02' 141°
48'). Climate data for" Julia Creek and monthly rainfall for
Toorak are presented in Table (1). The vegetation is Mitchell
grass (Astrebla spp.) growing on alkaline cracking clay soils.
The Mitchell grass plains were naturally treeless before the
invasion of A. nilotica.

Measurements were begun in August 1986 and are continuing. Four
branches situated at about 2m above ground level on the north,
south, east and west site of trees were measured for two groups
of 25 trees. One group of trees was situated along a bore drain
while the second group was in open Mitchell grass country with no
permanent water source.

QDPI, Arid Zone Research Institute, Longreach.
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TABLE (1) Julia Creek Cu riate Data and Toorak Rainfall

Month T °C T °C Rainfall (mm)
(min) Median 1986 1987 1988(max)

1 37.1
2 35.7
3 34.9
4' 33.2
5 29.1
6 26.7
7 26.3
8 29.0
9 32.2
10 35.9
11 38.2
12 38.3

23.4 98 29.98 126.8 10.7
23.3 89 23.4 165.9 22.6
21.1 37 1.2 27.6
17.3 2 0 0.4
13.5 1 13.6 1.3
9.7 1 0 6.5
3.4 1 19.0 4.2

10.4 0 2.6 0

13.7 0 0 0.5
13.0 7 111.6 22.0
20.8 6 27.8 46.1
22.7 53 33.1 55.8

OMB

Monthly measurements made on the permanently tagged branches
included, branch length, number of growing points, leaves, buds,
flowers and pods. Soil moisture was recorded for open 7itchell
grass away from any trees. Soil cores were taken to a depth of
-one meter and oven dried at 105° C for 48 hours. Bulk density
data were used to calculate volumetric soil moisture.

Results: Leaf production of A. nilotica is determined by
available soil moisture. There is a positive correlation between
soil moisture and leaf production for trees on the open downs
(Figs. 1 and 2). The relationship between leaf growth and soil
moisture also holds for trees growing along side the bore drain
(Figs. 1 and 3). For trees away from permanent water, leaf loss
in the dry season is severe with trees loosing up to 75% of their
foliage (Fig. 4) . . Re- foliation is generally rapid and begins
within days of rainfall.

Bud set and flowering for this species usually begins in November
and continues to about the end of July for well watered trees
(Fig. 5). Trees on the downs which are often water stressed, tend
to have prolonged budding and flowering (Fig. 6). Pod production
occurs in the driest part of the year when leaf loss is most
severe, while pod ripening and fall occurs early in the wet
season. Few pods are set by trees away from permanent water in
normal years. The 1987 pod set for two similar sized trees on
and off bore drains was 13.9 kg and 0.0 kg respectively.

Discussion: The growth and survival of vegetation under the
erratic rainfall in North -West Queensland depends on the plants
ability to rapidly utilize soil moisture before it is lost by
soil evaporation or used by competing vegetation. A. nilotica
appears to be well adapted for rapid use of soil moisture. The
species is also adapted to conditions of low soil moisture. Leaf
fall is the mechanism by which moisture loss is minimised. It is
obvious that trees along bore drains, while receiving enough



11.

water to set pods, were often water stressed (Fig.3). The low
hydraulic conductivity of the clay soils combined with regular
delving of drains reduces water uptake.

No temperature affects on leaf growth were observable in the
data. This may have been because of the year round high
temperatures, masking of temperature responses by water stress
or because of insensitivity of leaf growth to temperature.
Measurements of a single tree in Sudan by Waheed Kahn (1970),
indicated that leaf production was primarily governed by
rainfall, as appears the case in Australia. Temperatures in the
Sudan had a major affect on flowering and fruiting.

Reproductive strategies of A. nilotica seem less well tuned to
the Julia Creek environment than leaf production. All trees
aborted a significant percentage of buds, flowers and green pods.
Many trees away from water did not set any seed in 1987. Pod
production which is presumably an energy demanding process, tends
to occur at a time when foliage is at a minimum and low soil
moisture must be reducing photosynthesis. Prolonged flowering in
stressed trees may be a mechanism to increase pod set. The
development of pods on well watered trees may also be tied to a
mechanism for inhibiting further flowering.

From these data the danger of having above average wet years
with good winter and summer rain can be seen. Good winter rain
would ensure a very large seed set. Following summer rain would
germinate this seed, leading to massive recruitment events such
as seen in the mid 1970s.

Several management strategies which could be used to control or
manage prickly acacia can be developed from the data. These are:
(1) Use basal bark herbicides at times when the plant is in
active growth. The rule of thumb being, to use these types of
herbicides on trees only at times when there is green herbage
present on the ground ie. when soil moisture is high and all
vegetation is in active growth. (2) On properties where the
problem is out of control the available browse would be best
used as soon as green herbage has gone. Cutting or lopping the
trees early in the season ensures the maximum amount of green
leaf would be available to animals. Cutting trees would lead to
coppice regrowth and browse within the reach of animals.

Acknowledgements: We thank the Australian Wool Corporation for
supporting reasarch on A. nilotica.

Bibliography:

Pollock, N.A.R. (1926). Acacia arabica as a fodder. Queensland
Agricultural Journal. April 1926, pp 336 -337.

Waheed Khan, ''.A. (1970). Phenology of Acacia nilotica and
Eucalyptus microtheca at Uad Medani (Sudan) . The Indian Forester
96(3) 225-248.



300

275-

250-

225-

150

125

100
o
loas

SOIL MOISTURE IN OPEN MITCHELL GRASS

o

..

Figure

100 i 200 300 400 564
1907 DAYS 1044

(1) Total soil moisture to a depth of lm for
Mitchell grass community.

600

1050

900

750

600

450

300

150

o

-150

-300

-450

ACACIA NILOTICA PHENOLOGY
Leaf Production on Open Downs

0 100 ; 200 300 400 5
191s 1907 ' DAYS 1981

Figure (2) Leaf production and loss measured from tagged
branches of R. nilotico growing on open downs

1500

1200-

900-

600-

300ti

o

-300

-600

-900, ,

o

ACACIA NILOTICA PHENOLOGY
Leaf Production on Bore Drain

1984

.;.,, : ..;.,. ;..
' '

.... 56;. óbo
.

'lesa1907 DAYS

Figure (3) Leaf production and loss measured from tagged
branches of A. nilotica growing along bore
drains.

2400

2100i

1800-

1500-

1200-

900;

600-

300-

ACACIA NILOTICA PHENOLOGY
Leaves on Downs Trees

o
o
1044

Figure (4)

100 260 506
1917 'teas

Leafyness of A. nilotica growing away from
permanent water August.1986 - February 1988.

300 400
DAYS

600

1800

1500-

1200-

9000

600

300

ACACIA NILOTICA PHENOLOGY
Bore Drain Trees

0 100 200 -300. 400 50? X600
1904 19$7 DAYS 1004

+ BUDS x' FLOWERS o PODS
Figure (5) Bud, flower and pod numbers on tagged branches

of A. nlotica growing along bore drains.

900

750

600

450

300

150

ACACIA NILOTICA PHENOLOGY
Trees on Open Downs

o 100 200 300
1944 1947 DAYS

+ BUDS x FLOWERS o PODS
Figure (6) Bud, flower and pod numbers on tagged branches

of A. nilotica growing on open downs.

soq 600
1944



13.

SEASONAL PREDICTABILITY OF EPHEMERALS AT MIDDLEBACK STATION,
SOUTH - AUSTRALIA.

K.P.Nicolson 1

?niversity of Adelaide, South Australia.
Present Address : Department of Primary Industries, P.O.

Box 519 Longreach, Qld. 4731

Introduction

Short lived herbaceous plants represent an important
component of the available forage for both native and
introduced herbivores. The arid and semi -arid pastoral
regions of Australia are characterized by low and unreliable
precipitation, however, following rainfall events there may
be rapid germination and growth of numerous herbaceous plants
(Mott,1973; Crisp,1975). Although these plants are important
they have only been the subject of limited investigation in
Australia, due mainly to the difficulties associated with
studying plants of such a transient nature.

Although the factors that are involved in the control of
germination and growth of ephemeral plants are largely
understood, the observed patterns of germination and survival
vary considerably in different regions, due predominantly to
fluctuations in climatic conditions.

In the investigation described here, the herbaceous
vegetation was monitored over a 5 year period (1979 -1983) at
Middleback Station, South Australia. This region has a low
mean annual rainfall (209mm) which is erratic and
unpredictable from one year to the next with no clear
cycles. The periodicity of rainfall. throughout the year shows
little pattern and monthly averages do not vary greatly.
February has the highest average which results from
infrequent heavy thunderstorms. The vegetation of the area is
described as a chenopod shrubland which is dominated by
Atriplex vesicaria, Maireana sedifolia and M.pyramidata. The
a /ea between the bushes are usually bare but following
rainfall a variety of herbaceous plants germinate.

In this study the density of herbaceous plants was recorded
at various intervals in 100 quadrats (0.5m x 0.5m) located
within a 0.5 ha sheep exclosure.

Results and Discussion

The results showed that there were marked fluctuations in the
floristic composition and density of herbaceous plants from
one year to the next. These variations can be attributed (in
part) to differences in the climatic conditions experienced.

During the period of the study, highly contrasting patterns
of rainfall were experienced. The first year (197 9) was well
above average receiving 450 mm of rain. In contrast 1982 was
a severe drought with only 102 mm of rainfall received
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(Fig.1(a)). The remaining three years were all marginally
above the mean (1980: 251 mm; 1981: 218 mm; 1983: 220mm ). As
a consequence of this variety of climatic conditions there
were marked differences in the herbaceous vegetation across
the five years.

Differences were recorded in the number of species present
(Fig.1(c)), the proportion of grasses (Fig.l(d)) and the
overall density of plants (Fig.1(e)). There was no simple
relationship between climatic conditions and the composition
of the herbaceous vegetation. For example, although 1979
recieved more rain than 1980 (450mm vs 251mm), the greatest
number of species was recorded in June 1980 (Fig.1(c)), when
34 species were present. On all other occasions the species
present represented a subset of this group.

The germination response of the species can be partially
related to rainfall, however, the amount of rainfall or even
the magnitude of individual falls may not give a clear
indication of the extent of ephemeral germination and growth.
A heavy rainfall event may have the same effect on soil
moisture as a smaller fall or a number of smaller falls
(Fig.1(b)).
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The floristic composition of the herbaceous layer can be
compared by calculating the similarity between the different
recordings based on species frequency (Table 1). This
demonstrated that there were similarities in the herbaceous
vegetation recorded at different times. For example, there
was similarity between consecutive recordings upto October
1981. There was also a strong similarity between the
ephemeral vegetaion in January 1981 and 1982. This was the
consequence of a small group of "core" species germinating
following summer rains. These species were, however, not
restricted to the summer months.

Table 1.
Percentage similarity of the herbaceous vegetation based on
species

Oct'79

frequency. Similarities > 50% are highlighted.

74 Ju l' 80
61 55 Oct'80
44 36 65 Jan'81
54 48 55 74 Oct'81
46 28 56 85 69 Jan'82
18 14 26 45 35 34 Jun'82
42 48 18 14 37 6 14 Apr'83

The germination and growth of annuals in arid regions has in
many instances been considered a seasonal phenomenon, with
distinct summer and winter annuals observed (Went,1948;
Tevis,1958). This separation has not been observed as
frequently in Australia. The results of this study did not
indicate distinct seasonal groups but rather found that there
were seasonal trends in species abundance. One obvious trend
was in the proportion of grasses. Floristically the grasses
were only a small group (4 spp.), however, the contribution
of the grasses to the overall density of plants varied
considerably, with more germination of grasses following rain
in the warmer months. This has also been observed in other
regions of Australia. (Mott,1973; Crisp,1975)

One of the main conclusions that can be drawn from this
information is that germination and growth of herbaceous
plants in the Middleback area is opportunistic. Due to the
lack of pattern in the rainfall throughout the year, the
majority of species appear to be able to utilize, to varying
degrees, moist conditions when they occur. There was a

"core" group of species that were present in virtually all
recordings, however, the actual quantity of each of these
"core" species varied considerably depending on the time of
year. There were other groups of species which appeared to
respond only to a narrow set of conditions. Some of these
species were restricted to germination in the winter months,
whereas others were only recorded on one occasion throughout
the 5 year period.

The most important factor influencing the abundance and
pattern of ephemerals is the conditions at the time of
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germination.- Differences in rainfall and temperature (at the
time of the rain) will cause germination of different species
and in different quantities. The composition of the
herbaceous vegetation appears largely to be determined at
the time of germination as was suggested by Went (1948).

The term ephemeral has been used in this study as often what
we percieve as the "annual" growth habit is not the death of
the plant following flowering, but rather the extinguishing
of the population by adverse moisture conditions. A true
annual is generally regarded as a plant that completes its
life cycle within only one year, dying following flowering
regardless of the moisture conditions; in the Middleback
situation the short lived herbaceous plants are controllled
predominantly by available moisture.

The results of this study demonstrate the difficulties in
predicting the germination and growth of herbaceous plants
due to the unpredictability in the timing and magnitudes of
rainfall events. As a consequence, in the Middleback region,
it is difficult to incorporate the herbaceous component of
the vegetation into a management strategy. Management
decisions have to be made on the basis of the perennial
component and the herbaceous plants must be regarded as a
"jackpot" situation - when they are present they are
important, but unfortunately cannot be relied upon as a

forage component.
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SCREENING SHRUBS FOR'RANGELAND REGENERATION IN WESTERN AUSTRALIA_

B.H.R. Ward
Department of Agriculture, Western Australia.

5th Biennial Conference, Australian Rangeland Society, Longreach, Old,
14 -17 June, 1988.

Introduction

Over half of Australia's arid zone land (185 million hectares) is estimated
to have suffered soil and vegetation degradation and attendant decline in
productivity. (Department of Environment, Housing and Community
Development, 1978). Widespread degradation is also evident within the
semi -arid rangelands of Western Australia. Surveys indicate that more than
one third of the Gascoyne and Murchison catchment areas are affected by
moderate to severe degradation. (Wilcox and McKinnon, 1972, Payne and
Curry, 1988).

In some of these areas, improvement in rangeland condition by natural
processes can be achieved through changes in management practices, such as
destocking and rotational grazing. For extensive areas, however,
conservation of the soil resource and improvement of rangeland production,
will depend on the re- establishment of plants which are well adapted to the
areas and able to proliferate and maintain themselves under appropriate
management systems. Shrubs in particular are important for providing forage
reserves for stock during dry seasons and thereby stabilizing production
from rangelands.

In the Carnarvon region, research began in 1987 to screen suitable shrub
species and ecotypes with superior ability to establish and survive. Trial
sites representative of the major degraded Landsystems in the Gascoyne
area, were Located on saline plain elements of the Beringarra, Delta,
Durlacher and Jimba Landsystems.

The original vegetation of these elements was composed mainly of saltbush
(Atriplex) and bluebush (Maireana) species, forming highly productive
pasture. Sixteen perennial shrub species, including several of these
bluebushes and saltbushes were chosen for inclusion in the screening
programme. Many of the species are known to be adapted to varying degrees
to the degraded Landsystems of this study. Others are not endemic to the
trial areas, but are known from other regions and previous work to have
potential.

Evaluating these species for arid rangeland regeneration will include
studying their emergence in the field and their survival and growth in
adaptation trials. Species' palatability, forage value and ability to
recover from grazing will also be assessed. In addition, direct seeding
methods will be studied, to successfully and economically introduce
selected plants to degraded areas.

Field Establishment Trials

Screening species for ease of establishment is rudimentary for any
regeneration programme and particularly important for areas with Low and
unpredictable rainfall.
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Two trials to test the establishment of the 16 species were sown in March
1987. One located on degraded Delta landsystem on Brickhouse Station and
the other on degraded Jimba landsystem orr B- idgemia Station. Each trial was
sown with the MaLlen Niche Seeder (Malcolm and Allen, 1981).

The emergence figures (Table 1) indicate distinct differences in the
ability of species to establish on degraded soils. Several groups of
species are evident from the results at Bidgemia Station. The first group
comprised A. vesicarìa, M. aphyLla, M. polypteryQia and M. tomentosa.
These species had the greatest. number of seedlings per placement, ranging
from 4.99 to 9.63 (Table 1). The next group was characterized by an
establishment of more than 2, but less than 3 seedlings per placement. The
Bencubbin and Gutha ecotypes of A. amnicola and the Kalgoorlie ecotype of
A. bunburyana formed this group.

A third group of species with between 0.50 and 1.51 seedlings per placement
was represented by R. eremea, A. lentiformis, P. oolakii, A. victoriae, M.
brevifoLia, M. oyramidata, and M. triptera (Table 1). The group of species
with the Least successful emergence had less than 0.20 seedlings per
placement and included the Wongan His ecotype of A. amnicola, M.
ptatvcarpa, and S. soinescens (Table 1.)

The results from the Brickhouse trial site indicate that for the degraded
soils of the Delta landsystem, the same group of species (except M.
aphvLla) are more adapted to germination by niche seeding than the others.
It is possible that more rain at Brickhouse may have resulted in a higher
emergence.

Table 1_ Emergence of species in the Brickhouse and Bidgemia
establishment trials, expressed as mean number of
seedlings per. placement_ Emergence monitored September
1987_"

Scientific Name Ecotype

Mean No. of seedlings per
placement (+ SE)

Bidgemia Stn Brickhouse Stn

Atriplex vesicaria 9.63 + 0.41 2.14 + 0.31
Maireana polypterygia 7.94 + 1.01 0.58 + 0.21
M. aQhylta 7.45 + 0.66 0.08 + 0.03
M. tomentosa 4.99 + 0.34 1.92 + 0.19
A. amnicola 971 Gutha 2.76 + 0.51 0.09 + 0.03
A. bunburyana Kalgoorlie 2.51 + 0.35 0.07 + 0.03
A. amnicola 949 Bencubbin 2.37 + 0.25 0.36 + 0.11
Rhagodia eremea 1.51 + 0.45 0.29 + 0.26
A. lentiformis 1.06 + 0.26 0.05 + 0.03
Ptilotus potakii 0.91 + 0.14 0.02 + 0.01
Acacia victoriae 0.90 + 0.16 0.07 + 0.06
M. triptera 0.78 + 0.12 0.06 + 0.05
M. brevifolia 0.71 + 0.08 0.01 + 0.01

M. pyramidata 0.70 + 0.13 0.65 + 0.19
M. platycarpa 0.16 + 0.02 0.02 + 0.01
A. amnicola 573 Wonsan Hilts 0.07 + 0.02
Scaevola spinescens 0.03 + 0.02 0.33 + 0.24
Enchlyaena tomentosa 0.07 + 0.04
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Adaptation Trials

Adaptation trials are designed to test a number of plant attributes under a
range of field conditions. In this project they will screen the species
mainly for survival and growth. Several adaptation trials were established
on each of the major degraded rangeland systems in the Gascoyne area.

Monitoring the trials began in August 1987 with survival counts being
recorded two months after planting. Survival will continue to be monitored
at six month intervals for the duration of the project. Plant growth will
also be assessed from the adaptation trials, at four to six month
intervals. The length of the project will most probably be too short to
allow any assessment of palatability to sheep, recovery from grazing or
volunteer establishment.

The degree (or severity) of degradation at each site is in part reflected
(albeit qualitatively) in the average of all the species' survival rates.
On this basis, the Least severely degraded site (hence the Least difficult
to regenerate) was Bidgemia which had an average survival_ rate of 75%.
Mill_y Mill)/ and Minilya were similar in their Level of degradation with
average survival rates of 72% and 69% respectively (Table 2).

Table 2: Survival from adaptation trials, expressed as a
percentage of transplanted plants_

SPECIES ADAPTATION TRIAL SITE

Scientific Name Ecotype Bidgemia Milly MiLly Minilya Mt Phillip Mean Ranking
survival
per species

A. vesicaria 90 75 90 90 86 1

M. platvcarpa 95 85 80 85 86 1

M. aohylLa 75 95 90 80 85 2

A. amnicoLa 971 Gutha 75 80 90 90 84 3

A. amnicola 573 Wongan Hills 65 80 95 80 80 4

M. brevifoLia 95 75 75 75 80 4

A. bunburyana Kalgoorlie 55 85 90 80 78 5

E. tomentosa * * 75 80 78 5

M. tomentosa 80 75 65 85 76 6

M. polypterygia 90 75 65 65 74 7

A. amnicola 949 Bencubbin 80 70 68 70 72 8
A. lentiformis 85,70 55 75 70 71 9
R. eremea 75 80 50 75 70 10

A. victoriae 65 65 24 65 55 11

M. pyramidata 80 65 15 55 54 12

P. polakii 60 60.,40 55 55 54 12

Mean survival per site: 77 72 69 75 74

* Note: E. tomentosa was replaced by A. Lentiformis at
Bidgemia and P. polakii at Milly MiLLy because
of a shortage of plants. S. soinescens was not
included in the adaptation trials because of
difficulty in raising sufficient plants.
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The preliminary results for species survival also suggest that the species
most adapted to surviving the range of sites were M. olatycaroa and A.
vesicaria which had survival rates of 86% (Table 2). The next most adapted
species were M. brevifolia, M. aphylla and the Wonaan His and Gutha
ecotypes of A. amnicola with survival rates ranging between 80 and 85%.

The majority of the remaining species all had survival rates equal to or
greater than 70% indicating their high level of adaptation to the soil
conditions and levels of degradation. The species least adapated were P.
polakii, M. pyramidata and A. victoriae, with survival rates of 54% to 55 %.

Conclusions

These trials indicate that it is possible to screen shrubs for rangeland
regeneration on the basis of ease of establishment and survival. Although
many of the results are preliminary, some general trends are beginning to
emerge. It is clear that some of the species are better adapted to
establishing and surviving in a wide range of degraded soils than others.
Some species however, are more specific in their requirements for
germination, establishment and survival and will be limited to regenerating
a smaller range of soil types.
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DERIVING FHNCTIONAL GROUPS TO SIMPLIFY THE INTERPRETATION
nF VEGETATION DATA, IN RANGE MONITORING.
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INTRODUCTION
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Major shif.ts in botanical composition are
characteristic of arid rangelands. Since both the amount
and timing of rain vary, the species which respond will
also change markedly with the seasons. In the absense of a
detailed knowledge of species responses, it can be very
difficult to interpret vegetation change and especially to
perceive, in the field, the effect of management.
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The experienced manager or extension officer can group
species in many instances, but there are
situations where the most appropriate groupings are not
apparent or where an individual species may be borderline
between two groups. Our procedures are intended to make
the task possible for the inexperienced person and to make

standard procedure available.

CREATING FUNCTIONAL GROUPS

Using the expertise of rarige management personnel and
range ecologists, we scored plant species for a total of 25
attributes (Table 1). We developed a matrix of-

attributes by species within ineividual range
types, with herbage composition data collected during range
assessment surveys (Foran et al. 1986, Friedel et
aJ, in press). The list of attributes was refincd after
testing for correlation between attributes, and the
species by remaining attributes matrix was
classified and ordinated using the Gower metric.

The outcome was distinct groupings of species which
were recognisable by experienced field workers (Fig. 1).
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Tabli=, 1~ Species attributes (see Friedel et a/. (in
press) for detailsJ.

1. Rëcovery stratcgy Cattle grazing response

(a)
(b)
(c)

Resprout
Germinate
Disperse

2. Response to competition

(a) Increaser
(b) Decreaser
(c) Palatable
(d) Unpalatable

6. Rabbit grazing response
(a) Tolerant
(b) Intolerant As for5.-

3. Longevity

(a) Fphe'^eral
(b) Short-lived
(c) Perennial

4. Growth form

(a) Grass
(b) Forb
(c) Subshrub
(d) Shrub
(e) Tree

7. Climate response

(a) Winter growing
(b) Summer growing

8. Fire proneness

(a)
(b)

Flammable
Colonial

________

TESTING THF EFFFCTIVLNESS OF FUNCTIONAL GROUPS

A matrix of range assessment sites by relative
proportions of functional ?jlroups was classified and
ordinated within each range type using the Bray-Curtis
metric. Then, the positions of the sites on the ordination
vectors were correlated with ancillary data from the range
assessment survey, which included soil type, erosion-, fire
history, estimated range condition score, shrub density,
impact of rabbits and season of growth.

The correlation coefficients were compared with those
obtained by Foran et al. (1986), who analysed the
matrix of sjtes by relative proportions of all
species. Subjectively assessed ondition states were
effectively defined by both techniques; an example is
provided in Table 2.

APPLICATIONS

|he functional groups procedure appropriate to
woody vegetation as well as herbage. We have used the
technique successfully to classify all trees and shrubs
across a spectrum of range' types, produc.ing four groups
corresponding to palatable and unpalatable trees and
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shrubs. At the next level of subdivision, mulga was
se|arated from other palatable shrubs by its inability to

after fire.
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Fig. 1. Classification and principal coordinates ordination
of herbage species from calcareous shrubby grassland

Table 2. Vector correlates for ordination of calcareous
shrubby grassland monitoring sites.

Vector l'

Correlation (r) with:
condition score (p<0.01)

Vector 2

(a) summer growth response
(b) winter growth response

(p<0.01)

Friedel et aJ. Foran et al.
(1986)

-0.71 +0.73

-0.52
+0.76

-0.60
+0,41

________ ..... _... ____________________ .....____

Collecting data at the species level is strongly
re:ommended unless the autecology of all species is very
well known. A of species autecology data should be
established which draws together the accumulated knowledge
of experienced personnel and can be updated. In this way,
the identification of functional attributes and groups is
refined and knowledge is not lost as staff move on.

Attributes are not restricted to the ones we list in
Table 1 and the same attributes will not necessarily be
correlated in another situation. In other environments,
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species, the formation of functional
be preceded by tests of correlation,

suites of attr-ibutes could' co-occur,
and may be independent of

groups
since

eâ^
one

elsewhere.

Attributes should 'be selected according to their
relevance for management. For instance, where fire is
important for the control of woody vegetation, emphasis
could be placed on susceptibility of different size classes
to burning.

Ultimately, a consistent set of functional groups
developed which applies across the entirety of

rangelands . Testi\ ng over wide geographical areas to
he best list of attributes would be

the development of a hierarchical
all species. The structure
(Fig. 1) on a grand scale. We
which directs species into

degree to which groups are
level of detail needed by

palatable

might be
grazed
determine
prerequisite for
structure which encompasses
would be like our dendrogram
envisage a dichotomous key
particular groups. The
subdivided depends on the
management, eg.
perennial grass.

grass, perennial grass or

In other words, ecological judgement on the basis of
experience is still an integral part of range assessment.
The procedure for forming functional groups reduces the
subjectáve element in assessment but does not eliminate it.
The major advantages at this stage'are the simplification
of interpretation, where interactions of climate and

lead t'o complex shifts of botanical composition,
and the standardisation of a procedure which is otherwise
dependent on experience.
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TECHNIQUES FOR IMPROVING THE INFILTRATION AND MOISIURE STORAGE OF'
DEGRADED RANGELAND SOILS NEAR CARNARVON, W..A.

R.A. Shepherd', B.H.R. Ward' and S.J. Fritz2.

'Department of Agriculture, Western Australia.

2eppartment of Conservation and Land Management, Western
Australia.

Summary

Regeneration successes have been achieved with a range of cultivation
techniques on the commonly degraded rangeland types in the Gascoyne and
Murchison areas of W.A.. Differences in the amount of moisture stored in
the soil profile beneath the various treatments are evident.

Introduction

Widespread degradation is evident within the rangelands of Western
Australia. A survey of the Gascoyne River Catchment suggests that
approximately 15% of the rangelands in the area have severe vegetation
depletion and erosion problems (Wilcox and Mc Kinnon 1972). Similar
levels of degradation have been reported for the Carnarvon Basin (Payne
et al 1987).

In time, pasture recovery can occur by natural processes. Vegetation has
returned to near pristine condition inside a number of exclosures erected
on degraded areas in the early 1950's. A large number of protected
areas, however, have not improved. Attributing factors include the
degree of soil degradation, and a lack of seed sources. For these areas
conservation of the soil resource will depend on the development of
appropriate regeneration techniques.

Mechanical Regeneration of Rangelands

The waterponding technique developed in western New South Wales (Jones,
1967) has been adapted for Western Australian rangelands. A trial site
on Wooramel Station comparing waterponding with chisel ploughing, and a
combination of the two techniques was established in April 1987. The
area is sited on the alluvial floodplain unit of the Delta land system
(Payne et al 1987) along the Wooramel River.

Previously supporting a halophyte shrubland dominated by various Maireana
(bluebush) species, overgrazing has led to extreme erosion of the
solonetzic -type texture contrast soils. A clay B horizon is exposed
which is sealed and exhibits poor water infiltration and hence, little or
no plant re- establishment. Cood winter rains occurred in June 1986 and
subsequently the ponds held water for a considerable period.

Measurements of soil moisture were taken 18 months after the trial was
established, during a period when rainfall had been limited. The ponded
and chisel ploughing treatments had a significantly greater storage of
moisture than the uncultivated areas, and waterponding provided the best
results of the two treatments (Table 1). A combination of ponding and
chisel ploughing increased the soil moisture above either of the two
individual treatments.
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Table 1: A comparison of the soil moisture levels for regeneration
techniques on Wooramel Station, October 1987

Soil Mean % Moisture ( +SE)

Depth (cm) Control Chisel Ploughing Ponding Ponding & Plough

0 - 5 1.69 ± 0.25 2.22 ± 0.19 2.95 ± 0.09 2.88 ± 0.16

5 - 10 2.67 ± 0.41 3.69 t 0.21 4.36 t 0.12 4.60 t 0.22

10 -20 3.30 ± 0.43 4.33 ± 0.19 4.61 ± 0.18 5.94 ± 0.30

In addition, the total soluble salt level in the soil profile decreased
with cultivation (Table 2).

Table 2: Total soluble salt levels for uncultivated and cultivated
treatments on Wooramel Station, October 1987.

Mean % Total Soluble Salts ( +SE)

Soil Depth (cm) Control Ponding & Chisel Plough

0 - 5 0.36 ± 0.09 0.19 + 0.04
5 - 10 0.74 ± 0.14 0.32 t 0.06

10 - 20 0.79 + 0.14 0.53 + 0.09

All treatments were seeded with a mixture of perennial plant species.
The water collected by chisel ploughing from winter rain events was
sufficient to cause germination but insufficient for seedling survival
during the drier summer months. Waterponding, maximized water retention
which in turn ensured not only germination but establishment of the
seedlings.

Experience in New South Wales has shown that perennial shrubs will
establish without the additional treatments of chisel ploughing and
seeding (Jones 1967). This has yet to be established in Western
Australia, and observations over the next two years may influence
recommendations.

Waterponding is restricted to sites with a slope less than 0.5 percent.
Other regeneration techniques have been investigated that can be used in
a range of conditions. In April /May 1987 four trials were implemented on-
degraded sites in major land systems of the Gascoyne and Murchison
catchments. Ripping (using an Agrowplow) , disc pitting, and opposed disc
banking were compared. Soil penetrometer measurements taken four months
later showed that each of the techniques imp-:oved water infiltration of
the soil (Figure 1).

With the disc implements, the cutting action often forms a
sealed pit with a surface sheen. Penetration of this surface can be
difficult (Figure 1) and in some instances infiltration
is poor unless water is able to lie in the pits. Surface sheen is less
apparent in highly saline soils. The banks adjacent to the pits are
highly permeable.
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Figure 1: Soil penetrometer readings for typical cross sections

of regeneration techniques on highly saline soils,
four months after cultivation.

The values represent a resistance force (measured in megapascals) to a
rod penetrating 3.5 cm of soil.

The profile reading ceases ( -) when the resistance force exceeds 100.
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The disturbed soil from ripping with the Agrowplow has little resistance
to the penetrometer four months after cultivation. Observations on saline
soils indicate that after successive rains the disturbed soil slumps and
develops a sea 1 ed surface. Therefore, the improved soil conditions from
ripping on saline soils are often of only short term benefit.

Soil moisture measurements were taken immediately following a 30 mm
rainfall event on a non -saline hardpan site and a saline alluvial plain
site. The wetting front was significantly deeper on cultivated soils.
In addition, the moisture content was much greater than in the
undisturbed soil . (Figure 2) .
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Figure 2: Percentage moisture in the soils for a cross section across
an opposed disc bank and the adjacent undisturbed ground on a saline
alluvial plain scald after 30 mm of rain.
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50.0 cm
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Conclusions

Regeneration programmes have returned pastures, and hence productivity,
to areas that have been barren for a number of years. The soil surface
has stabilised, reducing susceptibility to wind and water erosion. The
trapping of sand and the deposition of organic materials is assisting the
re- appearance of an A horizon in the soil profile.

Results presented have shown that cultivation substantially increases
water infiltration and moisture storage. Soil conditions are also
improved by changes in the chemical characteristics through processes
such as salt leaching. These factors lead to an improved environment for
plant germination and survival.

The developments in soil and pasture conservation hold well for the long
term viability of the pastoral industry in Western Australia, and the
maintenance of a large section of Australia's ecological resource.
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GROUND COVER INFLUENCES SURFACE RUNOFF
IN GRAZING LANDS OF THE SEMI ARID TROPICS
OF QUEENSLAND

D.J. Myles, A.J. Pressland, and P.D. Fleming
(Pasture Management Branch, Department of Primary
Industries, P 0 Box 591, Ayr, Qid. 4807).

INTRODUCTION

The Dalrymple Shire comprises much of the catchment of the upper
Burdekin River and covers some 6.8 m ha in the dry tropics of
Queensland. The economy of this shire depends largely on an active
and viable beef cattle industry - an industry based mainly on native
pastures and a few introduced but now endemic pasture species.
Within the Shire, there are about 480 000 head on 271 pastoral
holdings, providing 12 000 people with a livelihood.

Evidence indicates that about 85% or 5.8 m ha of the Shire has
the potential to become seriously eroded due to the physical
complexity of the landscape (Burdekin Project Committee, 1976).
Attributes such as high rainfall intensity, high drainage intensity
and inherently erodible duplex soils combine to provide the potential
for serious soil erosion (Cyril Ciesiolka pers. comm.). Further, the
potential for erosion is increased by overutilization of pastures
through increased cattle numbers (Evan Shannon pers. comm.). In many
areas, overstocking has occurred to such an extent that perennial
grasses have declined and the proportion of annual grasses, woody
weeds, and bare ground has increased leading to reduced protection of
the soil surface and greater erosion

In this study, ten sites were established on erodible duplex
soils in the Dalrymple Shire. The sites were selected to cover a
broad range of existing soil erosion and pasture degradation
conditions. Measurements to develop relations among stock
management, vegetation cover and soil loss are being taken by
officers of Pasture Management Branch, DPI Ayr.

This paper describes effects of ground cover on runoff and soil
movement at two sites ( "Warrawee" and "Leyshon View ") after one
rainfall event at each site.

MATERIALS AND METHODS

Sites: Each site consists of a 4 ha area fenced to exclude domestic
stock (ungrazed treatment), and an adjacent area open to stock
(grazed treatment). Within each area, experimental plots 50m x 25m
were selected after a detailed 1m2 grid topographical survey.

Within each plot, two offset and parallel troughs, each ten
metres in length, were installed with a 25 metre separation after
Williams and BOnell (1987). This layout provided an area of 250m2 on
which measurements decribing rates of runoff and soil movement were
continuously monitored.
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Rainfall: Total rainfall and rainfall intensity were measured using
an automatic tipping bucket raingauge. This was installed near the
troughs and was continuously monitored by data logger.

Runoff and Soil Movement: Runoff was intercepted by the collection
troughs and channelled to a tipping bucket assembly. This was also
connected to the data logger. Runoff was sampled for suspended
sediments. Bedload was retained in the troughs for later collection.

Pasture: Pasture was monitored at the end of the wet and dry
seasons. Measurements describing total yield botanical composition
and basal area were taken using conventional techniques (e.g.
'T Mannetje and Haydock 1963). Estimates of projected foliage
cover, litter cover and ground cover were made.

RESULTS

At each site, data describing rainfall intensity and runoff
rate (Figure 1), soil movement (Table 1) and pasture parameters
(Table 2) are presented for both grazed and ungrazed treatments.
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Figure 1. Rainfall and runoff at (a) "Warrawee" and
(b) "Leyshon View" in grazed (.) and ungrazed (o) plots.

Runoff:. Highest rates of runoff were observed at "Leyshon View" with
maximum rates between 180 and 240 1 /minute. Runoff in the grazed
treatment at "Warrawee" was slightly less with up to 120 1 /minute
recorded. However, very low rates (< 45 1 /minute) were observed on the
ungrazed treatment at "Warrawee ".

Soil Movement: A greater amount of soil was moved at the "Leyshon
View" site compared with "Warrawee ". Soil movement did not appear to
be related to treatment, ie. similar amounts of soil were moved in
both grazed and ungrazed plots at each site.
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Pasture: Basal area and projected cover at "Leyshon View" and the
grazed treatment at "Warrawee" were similar and appeared considerably
less than for the ungrazed treatment at "Warrawee ".

Table 1: Soil Movement (kg /ha) at "Warrawee"
and "Leyshon View" in grazed and ungrazed plots.

Ungrazed Grazed

"Warrawee" 5 12

"Leyshon View" 760 1000

Table 2: Percent basal area (BA), projected foliage
cover (PFC), projected litter cover (PLC) and

projected ground cover (PGC), at "Warrawee" and
"Leyshon View" in grazed and ungrazed plots.

BA% PFC% PLC% PGC%

"Warrawee" grazed 1.53 <10 <10 <10
ungrazed 4.72 25 -50 10 -25 25 -50 .

"Leyshon View" grazed 0.73 <10 <10 <10
ungrazed 2.25 <10 .<10 <10

DISCUSSION

For both sites, rainfall intensity and duration were similar.
This allows us to broadly compare the effect of ground cover on
runoff and soil movement.

A marked reduction in the rate of degradation appears to have
occurred at "Warrawee" on the ungrazed plot with greater ground cover
effectively reducing runoff, but not soil movement. This has
happened within two growing seasons of below average rainfall.
However, "Leyshon View" has been fenced for only one growing season.
In addition, the presence of rills -at "Leyshon View" suggests that
the site was initially more degraded than "Warrawee ". This could
explain why observed levels of ground cover, runoff and soil movement
at "Leyshon View" are, firstly, similar across treatments and
secondly, differ greatly from the ungrazed plot at "Warrawee ".
Simply, "Leyshon View" has not yet had sufficient time to measurably
recover. If similar degradation /recovery processes operate at both
sites, we could expect "Leyshon View" to recover similarly to
"Warrawee ". Both ungrazed plots would then be characterised by low
rates of runoff, low levels of soil movement and increased ground
cover relative to their grazed counterparts.
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The speed at which "Warrawee" has recovered suggests that, even
in below average rainfall years, pastures can be managed to minimise
erosion.
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ISSUES OF SIZE AND VIABILITY OF FASTORAL HOLDINGS IN THE N.S.W.
RANGELANDS

N.D. MacLeod
CSIRO Division of Wildlife and Ecology,
Deniliquin N.S.W. 2710

The Western Division produces approximately 20% and 8% respectively of
the N.S.W and Australian wool clips. There is a reasonably widespread
belief that many pastoral leases are too small to ensure viable
production in the medium to longer term (Hassall 1982). This belief is
largely based on the dual influences of an almost continuous post -war
"cost-- price" squeeze and restrictive land tenure policies for western
leases for most of the present century.

One private response to the small lease "size" problem is purchase of
more land. More common is overgrazing which may cause irreversible
damage to vegetation and soil resources (Young et al 1984) and further
reduce the effective "size" of such leases.

The public response to the "size" problem has largely centred on rural
adjustment measures, some reform to land tenure conditions and research
into reclamation and management of the rangelands for conservation
values. The first two are biased towards lease amalgamation to exploit
economies of size and /or raise income to acceptable levels by an
expansion of the productive base (Anderson and Powell 1973). The last
usually narrows down to reduced stocking rates or exclusion of stock to
promote rehabilitation of vegetation and soil resources and /or prevent
further damage (Wilson, Harrington and Beale 1984).

Despite such public measures the size problem may have sufficiently
weakened the economic position of many lessees to make private
acquisition of additional leases and/or adoption of conservation
oriented management practices non -economic. The future scenario would
then he one of a need for even greater public involvement in property
adjustment measures; or a growing population of non -viable pastoral
enterprises with its attendant efficiency and welfare problems.

Several issues relevant to addressing the "size" problem and viability
are now considered.

TERMS OF TRADE

The relative terms of trade for both wool Producers and the rural sector
at large have declined over most of the post war period (Figure 1). The
present high wool prices have merely eased the terms of trade decline
which should return to its longer term trend with the expected medium
term wool price decline as sheep numbers increase (A.B.A.R.E. 1988).
This implies continued pressure on resource adjustment to maintain
future income levels despite the considerable income relief brought by
the "boom" to many western woolgrowers.

TRENDS IN SIZE OF HOLDINGS

The scope for raising productivity of present leases via new
technologies and production intensification is limited (McKay 1973) with
most adjustment occuring via lease amalgamation and /or exit of
individuals from the industry. For example', the total number of Western
Division holdings in excess of 1000 hectares fell by 18% over the decade
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to 1985 (Table 1..1) while the number of holdings in excess of 50000
hectares, increased by 19%.

This process would have been assisted by the expansion of rural
reconstruction facilities in the 1970's, but also occurred despite
restrictions on lease aggregation and ownership that applied for most of
the period (eg. the upper limit of two home maintenance areas). Further
relaxation of lease tenure policies by the Western Lands Commission
subsequent to the N.S.W. Joint Select Committee of Inquiry into the
Western Division (1983/84) may further promote this trend in lease
amalgamation.

ECCNt3MIES OF SIZE

Public support for property amlgamation is largely predicated on the
existence of exploitable economies of size whereby unit production costs
fall with increasing size. Resource use efficiency and welfare may
increase via production at lower costs and presumably higher incomes
(Anderson and Powell op cit). To guage the possible existence of size
economies, cross section data for 138 properties from a survey sponsored
by the Western Lands Commission (1977/78 to 1979/80) were averaged and
indexed to December 1987 with A.B.A.R.E. prices received and paid
indices. Indexing procedures are open to valid criticism and so the
results must be viewed as indicative rather than accurate.

Most economies of size (Figure 2) are exploited at gross incomes in
excess of $100000- 200000 (2000 -3000 sheep at present prices). With
average flock sizes in the order of 4000 -5000 sheep, these economies can
presently be realised suggesting that the main gain from property size
expansion is welfare via increasing absolute incomes rather than
resource use efficiency through lower unit costs. Limited evidence of
large scale diseconomies at least supports this process.

The size /cost relationship is supported by quartile rankings of unit
costs (Table 1.2) against several size proxies - total returns, area,
rated rental carrying capacity and average number of stock run. However,
the wide dispersion within quartiles reflects the importance of non -size
variables (eg. climate, resource quality, management) to unit cost
levels. These are subject to a major investigation at the present time.

INCOME

Viability and welfare are relative concepts and must be guaged against
community established standards of resource use efficiency and welfare
(eg. Campbell and McKay 1976). Net firm income measures the return to
owners labour, management and capital investment once all other input
costs including depreciation (but excluding interest) are deducted from
total returns. Short term "viability" might than be arguably accepted as
the ability to earn a positive net farm income after meeting unavoidable
overheads of interest and family living expenses (eg $13000 = wage for
station hand). However, the existence of a size /welfare problem is also
reflected by persistence of sub -economic holdings within the industry
which do not exit and release resources to more efficient uses. 1Mie
ability to remain in the short term despite apparent "non- viable" status
might be measured by a positive level of net cash income after some
essential capital replacement (eg 50% depreciation) and living expenses
are met. Certain other "overheads" would also have to be met from these
sums including debt principal and taxation.
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Measures of modified net farm income -and net cash income are .presented
in Tables 1.3 and 1.4. by size groups. The average property would be
defined "viable" on modified net farm income criteria but would have
difficulty servicing any existing debt, taxation liability and /or
service additional debt necessary to increase property size. For
example, the annual interest payable on a term loan for $140000 to
purchase an additional 2000 sheep areas at the subsidised reconstruction
interest rate (approx 9.75 %) is $13650. Property expansion might be
financed from the positive net cash income but would require a run down
of existing capital assets. As defined, many of the smaller holdings
(<5000 sheep) are not "viable" but could persist in the short term on
positive net cash incomes while continuing to "mine" their capital base.

CONCLUDING REMARKS

Deterioration in terms of trade will continue to place pressure on
property incomes in the medium to longer tern. Property amalgamation
will continue to be the main avenue sought for adjustment and financial
liquidity from the present wool price windfall will assist some
pastoralists in this process. The ability of many small to medium size
properties (the bulk of existing leases) to exercise this option remains
doubtful and this will be reinforced with the anticipated easing of wool
prices as sheep numbers increase.

Some gain in economic efficiency and welfare would result from exit of
many of the smaller to medium sized high cost holdings from the Western
Division. However; the ability of many sub- economic holdings to persist
by mining their capital base and /or accept lower living standards is
evident. This would suggest some strengthening of public policies aimed
to provide incentives to leave the industry. However, most available
size economies are potentially exploitable by-many existing properties
with further increases in size leading more to welfare gains rather than
increased economic efficiency. This would raise questions on the
appropriateness of continued public subsidisation of property build up
relative to alternative means of achieving the sane welfare goal.
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TERMS OF TRADE : NSW
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ECONOMIES OF SIZE : NSW WESTERN DIVISION
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ESTABLISEINENTS WTffi AGRICDLTORAI. ACTIVITY X AMA: fißSlENLN DIVISION

HECTARES a 1975
(NO) (X)

1000 - <5000 99 7.5
5000 - <10000 225 17.0
10000 - <20000 447 33.7
20000 - <50000 472 35.6

50000+ 84 6.3
TOTAL 1327 100.0

a Establishments of less than 1000 hectares
Source: A.B.S. (Cat 7411.1)

TABLE 1.2 UNIT COST (INDEXED

1985
(NO) (E)
77 7.1
156 14.4
324 29.8
430 39.6
100 9.1
1087 100.0

are not regarded

TO IRICENHER 1987) X QUARTILE b

X CHANGE 1975/85
(E)
-22.2
-30.7
-27.5
-8.9

+19.0
-18.1

as pastoral leases

UNIT COST RETURNS AREA MCC STOCK RUN c
($) ($) (HA) (SHEEP) (DSE)

Q(ARTILE 1 AVERAGE 1.37 88713 21968 4947 5599
LOWER 1.06 14170 4399 2203 1242
UPPER 2.69 191882 50000 12213 11507

QUARTILE2 AVERAGE 0.94 126819 22526 5675 6647
COWER 0.85 36759 3785 2278 1930
UPPER 1.05 228913 53441 10042 11952

QUARTILE 3 AVERAGE 0.77 172332 28313 6260 8722
LOWER 0.72 62604 3690 2606 3032
UPPER 0.85 479717 75484 10349 25371

QUARTILTi 4 AVERAGE 0.63 209681 32985 6814 10160
LOWER 0.43 77108 7263 2817 2671
UPPER 0.72 650982 135454 16638 36703

b Unit cost = $total cost divided by $total returns
c 3 year average (1977/78 to 1979 /80) in dry sheep equivalents.
WLG survey base (1977/78 TO 1979 /80) indexed to Dec 1987.

TABLE 1.3 LET FAR! INCOME, (MODIFIED) X RATED REKTAL CARRYING CAPACITY die

2000 -2999 3000 -3999 4000 -4999 5000 -6999 7000 -8999 9000+ ALL GROUPS
AVERAGE -20069 -2492 -13842 -690 1905 38413 102
1112021R9 -83149 -48618 -51388 -123750 -98734 -84399 -123750
MAXINiCl9 36306 54215 29304 84474 73027 196133 196133

TABLE 1-4 NET CASH INCOME (MODIFIED) X BATED RENTAL CARRYING CAPACITY d/f

2000-2999 3000-3999 4000-4999 5000-6999 7000-8999 9000+ ALL GROUPS
AVERAGE 19781 38916 48326 85816 82574 167359 69991
M1NI9U(i -18146 -7797 15122 -3151 12353 37504 -18146
MA1IMR1 68215 84286 117014 140724 178059 372729 372729

d As set by Western Lands Commission.
e Net fana income less interest paid and $13000 living expenses.
f Net cash income lesa interest, 50% depreciation and $13000 living expenses.
WLC survey bese (1977/78 TO 1979/80) indexed to Dec 1987.

700
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THE EFFECT OF TOXIC PLANTS ON LAMB SURVIVAL
IN NORTH WEST QUEENSLAND

D.H. Cobon *, A.R. Bird *, V.J. Rudwick* and J.O. Carter*

SUMMARY

Extensive grazing experiments- were conducted over three consecutive summer
breeding seasons in which ewes in the last third of pregnancy were grazed
on pastures of varying forbs content. Those ewes which grazed pastures
of high forbs content consistently had lower lamb marking percentages (51
vs 82 %; 46 vs 55 %). Overall, this difference was highly significant
(P <0.001). An inverse curvilinear relationship was found to exist for
lamb marking percentage and the yield of forbs present in the pasture at
the comencement of grazing.

INTRODUCTION

The high mortality of lambs between lambing and lamb marking (36%) (Moule,
1954) in north -west Queensland has been attributed to heat stress (Hopkins
et al., 1980) and poor nutrition (Stephenson et al., 1981). However,
the effect of heat stress and poor nutrition on lamb survival does not
fully account for the poor repróductive rates (40ó lamb marking - Rose,
1972) of breeding flocks.

The climate in semi -arid tropical Queensland is characterized by a short
summer rainfall period which stimulates grass and forbs production (Lorimer,
1976). Tribulus terrestris, a forb that grows following summer rain has
been shown to be associated with lamb losses when ingested by the ewe
during late pregnancy, without signs of toxicity in the ewe (Broadmeadow
et al., 1984).

The paddock studies presented in this paper examined the nature and extent
of lamb losses resulting from the ingestion of forbs by pregnant ewes.
Management strategies aimed at reducing the problem in breeding flocks
are discussed.

MATERIALS AND METHODS

The experiments were conducted at "Toorak" Research Station, Julia Creek
and "Wyora ", Corfield, both in north -western Queensland. Sheep used were
all medium wool Peppin Merino ewes, joined to rams harnessed with coloured
crayons for weekly detection-of oestrus (Radford et al., 1960). The ewes
were grazed in the same paddocks from joining to the beginning of the treat-
ment period, and from the end of the treatment period to lamb marking and
mothering up. Pregnancy was detected by the method of Pratt and Hopkins
(1975), and equal proportions of pregnant ewes from oestrus groups were
allocated to treatments. Lambs were approximately 6 weeks of age at
mothering up. Yield and botanical composition of pastures (experiments
2 and 3) were determined immediately before and after the treatment period
using the Botanal technique (Tothill, 1978).

Chi -squared analysis was used to test lamb marking percentage for signif-
icance of treatment effects.

Experiment 1 : In 1984 after 399 mm of rainfall for the year to 20 March,
220 pregnant ewes were randomly divided between a spelled and a pregrazed
paddock. Stocking rate in the pregrazed paddock was 0.6 sheep /ha from
mid November 1983 to late February 1984, then 3.75 sheep /ha until 20 March
when treatments commenced. Ewes remained in their treatments for 24 days,

* Qld Department of Primary Industries, "Toorak" Research Station, Julia
Creek, Qld, 4823
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during which time the majority were between 100 to 130 days pregnant.

Experiment 2 : Since there was only 53 mm of rain at "Toorak" in 1986 up to
12 March, 370 pregnant ewes (gestational age 90 -110 days) were transported
to "Wyora ", Corfield, where high and low forbs paddocks had been selected.
Paddocks were 284 ha, having 282 and 88 ewes in high and low treatments
respectively. They grazed these pastures for 30 days and were then trans-
ported back to "Toorak ".

Experiment 3 : In 1987, 293 mm rain fell to the end of February at "Toorak"
Ewes which were joined and oestrus recorded on forbs -free pastures at
Longreach were transported to "Toorak ", where they were allocated to each
of seven paddocks (approximately 260 ha) with varying forbs content. Three
paddocks were classed as low forbs and four as high forbs on the basis
of pasture yield and botanical composition. At the beginning of the
treatment period ewes ranged in gestational age from 108 to 121 days.
They grazed these treatments for 26 days.

A total of 963 ewes, consisting of 506 in the low forbs paddocks (165,161,
180) and 457 in the high forbs paddocks (150, 79, 73, 155), were involved
in the experiment.

RESULTS

Table 1 shows the reproductive performance of ewes grazing low forb pasture
to be superior.

Table 1 Pretreatment pasture yield and composition, and reproductive
performance of ewes from the low (L) and high (H) forbs groups

Trial Dry Matter Yield Lamb Marking %
(kg /ha)

L H L H

Expt 1
Expt 2
Expt 3

ND ND
1340 (3)* 1110 (10)
918 (9) 1344 (38)

82c
50b
55b

51a
40a
46a

Parameters within rows with differing superscripts differ significantly; a -c,
P <0.001; a -b,P 0.05.
* - % forbs in brackets.
ND - not determined.

The relationship between pretreatment forbs yield (k3 /ha) and lamb marking
percentage in Expt. 3 was found to be curvilinear (Fig. 1.).

60

rn

55

50

45

40

Paddock treatment
applied between
days 110 and 140
of gestation
y = 65 -0.057 x + 0.0004x2
r = 0.90

100 200 300 400 500 600 700 800
Forbs yield (kg/ha)

Fig. 1. Relationship between lamb marking percentage and yield of forbs.
(* - Results for this paddock excluded from analysis).
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Dry matter yield of the major species in Expts. 2 and 3 are shown in Table 2.
There were no significant correlations between lambing performance and
yield of individual forbs for either study. In excess of 29 and 39 forb
species were present in the pasture in Expt. 2 and 3 respectively, the
majority being less than 5 kg /ha pretreatment.

Table 2 Dry matter yield (kg /ha) of the major plant species present in
the high and low forbs pastures (Experiment 2 and 3)

GRASSES
Astrebla spp.
Iseilema spp.
Total Grasses

FORES
Tribulus terrestris
Ipomoea lonchophylla
Boerhavia spp.
Total Forbs

"Wyora" "Toorak"##
H L H L

450.8 902.1 569.3 814.0
186.0 78.6 '51.1 4.0
662.0 1304.4 837.5 835.6

0.0 0.0 110.9 11.6
45.4 0.0 61.2 1.4

36.7 8.0 93.8 19.5
108.3* 34.8 503.3 85.9

*Excludes Salsola kali.
#Values are means of 4 high and 3 low forbs pastures, respectively.

DISCUSSION

The experiments show that ewes grazing low forbs pastures during pregnancy had
lamb marking percentages 9 -31% greater than their counterparts with access
to high forbs pastures. The relationship between lamb losses and the
availability of forbs to ewes established in these studies clearly indicates
that to maximise lamb production in the Mitchell grasslands, access of
ewes to forbs during late pregnancy should be restricted.

The critical exposure time of the sheep fetus to plant toxins has not been
established. The gestational age of the ewes which were exposed to forbs
in the studies presented in this paper ranged from 90 days to term. Recent
results (unpublished) suggest that extracts from one species to forb
( Tribulus terrestris) exert their greatest effect on foetal heart rate
depression between day 80 -110 of pregnancy when infused daily into the
ewe.

Feeding trials using this species have also implicated it as affecting
lamb viability (Broadmeadow et al., 1984). However, it cannot be solely
responsible for reducing lambing percentage since it was not recorded in
the " Wyora" pastures. It seems to be that no single plant is responsible
and it may be a number of plants causing this low lambing problem.

The grazing patterns of sheep in this region are such that forbs are prefer-
entially selected to grasses (Lorimer, 1976). However, this selectivity
also offers a number of management options to reduce pregnant ewes' forb
intake by (a) pregrazing lambing paddocks with dry sheep (b) selecting
lambing paddocks which naturally do not grow large quantities of forbs
(c) not putting ewes into a spelled pasture over the last third of gestation
in a 'high forbs year' (d) adopting management practices which maintain
long term pasture stability.

The process of identifying the causal species is currently under investigation
at "Toorak" Research Station, but the large number of forbs species present
in the pastures during any one year makes the development of a convenient
screen necessary in order to quickly identify the species responsible.
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INDIVIDUAL, PROPERTY & MANAGERIAL EFFECTS ON STOCKING RATE IN DALRYMPLE
SHIRE, AND METHODS OF OPTIMISING PRODUCTIVITY ON NATIVE PASTURES

B.R. Frank, QDPI, Townsville
1. INTRODIICTION

Cattle numbers in Dalrymple Shire, North Queensland doubled over 12
years from 1967 to reach a maximum of 600,000 head in 1979 (Australian
Bureau of Statistics). Numbers declined to 460,000 head in 1983/84,
then rose again to 520,000 in 1985/86. Actual numbers are considered
to be 30 -50% higher than B.S. data (R. Nicholls, pers. comm.) Current
estimates following the drought years approximate 350,000 head in
Dalrymple Shire.

The area of sown pasture in Dalrymple Shire has not exceeded one
percent, so that the substantial increase and fall in cattle numbers
occurred on native pastures, which have been heavily overgrazed. To
arrest the potential degradation of native pastures, it will be
necessary to convince landholders that stocking rates must be reduced
to levels providing an optimal economic return while maintaining a
renewable pasture resource and minimising erosion. A model of personal,
situational and managerial influences on stocking rate and productivity
was developed to identify ways of demonstrating optimal grazing
management systems on native pastures in Dalrymple Shire.

2. METHOD

An intensive property survey of 68 cattlemen in Dalrymple and western
Bowen Shires was conducted by the author in 1983 and 1984. Data was
collected for over 400 variables in four sets using the following
model:

INTRINSIC/PERSONAL.__
MANAGEMENT -

1 - STOCKING
PRODIICTIVITY ' , RATE

SITUATION /PROPERTY

Intrinsic and situation variable sets were entirely attributable to the
individual and his holding respectively, and treatment variables were a
function of both person and situation. Stocking rate was expressed as
total cattle per 100 hectares of effective productive area. All
variables were tested for correlation with stocking rate (P <0.05) using
the Spearmans rank coefficient. The significant variables in each set
were - included in a principal components list -wise analysis using
varimax rotation. Principal component (PC) analysis was selected as an
exploratory tool to transform a large number of variables into a
smaller number of orthogonal factors within sets, and to develop a
revised model. Factor scores were saved and included in a contingency
table to test the null hypothesis that there was no relationship
between person, situation and treatment factors, and stocking rate
using Pearsons correlation coefficient. The significant correlations
between sets were mapped (Figure I) and assumptions inferred about
causality were represented as arrows.

3. RESULTS

Factors derived from the PC analysis with an eigenvalue greater than
one are presented in Table I.
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TABLE I: PRINCIPAL COMPONENT FACTORS FOR FOUR DATA SETS WITH

DESCRIPTION OF VARIABLES LOADING ON EACH FACTOR

f r

DATA SET & FACTOR LABEL

EIGEN
VALUE

& X

VARIANCE

VARIABLE

NAME

COMMUN-

ALITY

FACTOR

LOADING

VARIABLE DESCRIPTION

PERSON (n =60) 62.4

I 46.0 SRECORD .836 0.90 Perceived satisfaction of records for budgeting development

Perceived utility EV_3.22 LRECORD .823 0.90 Perceived usefulness of records for budgeting development
of records for PRECORD .825 0.90 Perceived profitability of records for budgeting development

budgeting, & use UEWEAN .58 0.53 Perceived usefulness of early weaning 5 months April -July
of early weaning ESTCOST .361 -0.55 Estimating future costs of enterprise

II Age & economic orien- 16.3 AGEMAN .568 -0.73 Age of manager
Lation of manager, & EV =1.14 ECORIEN .373 0.58 Economic orientation of manager
perceived use of early
weaning

UEWEAN .58 0.54 Perceived usefulness of early weaning 5 months April -July

SITUATION (n =65) 58.3

I 34.7 R VINQL .732 .85 Problem status of rubbervine
Rubbervine vs EV =2.43 RVINQN .703 .82 Economic significance of rubbervine

poison plants POIPQN .523 -.68 Economic significance of poison plants

and remoteness REMDEX .467 -.61 Remoteness Index

II 23.6 KANQL .639 .77 Problem status of kangaroos

Problem status EV =1.65 RABQL .529 .72 Problem status of rabbits

cf animal pests PIGSQL .487 .66 Problem status of pigs

KANA NT (n =50) 71.7

I Economic Scale 31.1 TOSALE .956 .97 Total returns from cattle 1981/82
EV =5.29 TOTSLAU .907 .94 Total cattle slaughtered 1981/82

TOTCAT .883 .93 Total number of cattle on property 1981/82

GM .856 .86 Gross margin (TOSALE- TOCOST) 1981/82

WKTREA 2 .588 .72 Weeks required for second treatment muster

WIWO .643 .68 Gross (walkin- walkout) value of property June 1982

VETVIS .638 .43 Number property visits by private veterinarian per year

II Time of management 22.2 CUWEAYR .777 .88 Year current weaning practice adopted

(recentness of weaner,

breeder, subdivision &

EV_3.77 CUBREYR
YRMAN

.785

.78

.88

-.84

Year current breeder selection practice adopted
Years as manager of property

& disease practice CUSUBYR .713 .79 Year current subdivision practice adopted

adoption relative to CUOIYR .695 .79 Year current disease control practice adopted

years as property VETVIS .638 -.61 Number property visits by private veterinarian per year

manager) CUMARYR .596 .36 Year current marketing practice adopted

III Association between 10.3 BINDIC .534 .68 Percent Bos indicus in herd

Bos indicus content,level EV =1.74 CUMARYR .596 -.65 Year current marketing practice adopted
of subdivision & stabil- CUSUBD .463 .61 Current level of subdivision
ity /earliness of market-

ing practice adoption
CUDEVYR .624 -.36 Year current development practice adopted

Iv Time required to 8.1 WKFATS 1 .738 .85 weeks required for first fats muster
muster fats relative to
recentness of devel-
opment practice

adoption

EV_1.37 CUJEVYR .624 .68 Year current development practice adopted

PRODUCTIVITY (n =36) 73.0 (A11 1991/82)

a),INCLUOES BREEDER 43.5 BREEPA .814 .88 Number breeders per effective productive area

DEATHS & CULLS EV =4.79 CAVEPA .723 .84 Number calves per effective productive area

I Productivity WIWEPA .815 .81 Gross value per effective productive area

per area TLUEPA .651 .75 Total labour per effective productive area

COSEPA .709 .54 Cost of beef enterprise per effective productive area
VALEPA .754 .46 Returns from beef enterprise per effective productive area

BREEPA .183 .40 Breeder deaths recorded per effective productive area

BRCEPA .749 .31 Breeders culled per effective productive area

II Association between 17.3 CATBRU .732 .78 Number cattle per breeder unit

cattle per breeder and EV =1.90 VALEPA .754 .74 Returns from beef enterprise per effective productive area

creeder culls, returns BRCEPA .749 .73 Breeders culled per effective productive area

& costs per area COSEPA .709 .62 Cost of beef enterprise per effective productive area

III Fats turned off per 12.2 BLKEPA .947 .96 Number bullocks sold per E.P.A.

area EV =1.34 SLAEPA .949 .95 Total number slaughtered per E.P.A.

WIWEPA .815 .38 Gross value per E.P.A.
BRCEPA .749 .34 Breeders culled per E.P.A.
CATBRU .732 .32 Number cattle per breeder unit

PRODUCTIVITY (n =53) 70.6

b).EXCLUOES BREEDER 55.5 BREEPA .814 .90 Number of breeders per E.P.A.

DEATHS & CULLS EV =4.44 CAVEPA .75 .84 Number of calves per E.P.A.
Productivity per WIWEPA .721 .83 Gross value per E.P.A.

area TLUEPA .644 .78 Total labour per E.P.A.

COSEPA .647 .78 Cnst of beef enterprise per E`P.A.
VALEPA .687 .68 Returns from beef enterprise per E.P.A.
SLAEPA .58 .38 Total number slaughtered per E.P.A.

it Association between 15.1 CATBRU .868 .93 Number cattle per breeder unit
cattle per breeder and EV =1.21 SLAEPA .518 .61 Total number slaughtered per E.P.A.

'number slaughtered per

area

VALEPA .687 .47 Returns from beef enterprise per E.P.A.



Six variables contributing to the 'productivity per area' factor
were regressed.on stocking rate. Costs per area showed a significant
quadratic response to stocking rate, while gross margin, breeders,
calves, returns and gross value per area showed a significant linear
response to stocking rate.

4. DISCIISSION

Given the assumptions inferred about causality, the revised model
suggests that the productivity set represents the outcome.
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Two productivity sets were included, as breeder culls (and /or deaths)
show significantly different associations when omitted from or included
with eight common productivity variables. In both instances,
'productivity' per area was strongly correlated with stocking rate
(P= 0.000; n= 53,36). Although cost per area declined when stocking rate
exceeded approximately 16 beasts /100 ha, returns and gross margin
continued to increase, as did numbers of breeders and calves, and gross
value per area. Therefore key 'productivity per area' indicators
varied linearly with stocking rate in 1981/82, throughout the range
recorded.

a). When breeder deaths and culls were included (n =36), `productivity
per area' explained 43.5% and 'turnoff per area' explained 12.2% of
variance attributable to that productivity set. (The third factor
explaining 17.5% was not significantly correlated with any other).
'Productivity per area' was dependant on 'perceived utility of
records' (P =0.008;n =29) as well as stocking rate .(P= 0.000;n =36) and
'turn off per area' was dependant on 'time for first fats muster'
(P= 0.003;n =33) as well as stocking rate (P= 0.026;n =36). These
associations reflect a mechanism for managers who have a knowledge of
culls and /or deaths to bypass 'time of management' in order to
influence productivity and fats turned off per area.
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b). When breeder deaths and culls were excluded (n =53), 'productivity
per area' explained 55.5% of the variance attributable to the limited
productivity set, and the 'cattle per breeder with slaughter and
return per area' factor accounted for 15.1 %, totalling 70.6% explained
compared to 55.7% in (a) above. Both 'productivity per area' and
stocking rate varied directly with the length of 'time of management'
(P <0.05;n =48,50). 'Productivity per area' was assumed to be dependant
on stocking rate, but causality cannot be inferred between 'time of
management' and 'productivity per area', stocking rate or 'perceived
utility of records' (Asher 1981:11). The second factor (cattle per
breeder, number slaughtered and returns per area) varied directly with
stocking rate (P =0.012;n =53), economic scale (P= 0.01;n =48) and the
inverse of the manager's age and economic orientation (P =0.04;n =45).

Whereas stocking rate has been shown to have a strong, direct effect on
herd productivity, it is strongly dependant on three factors: situation
as described by the 'location' factor; the levels of Bos indicus
content in the herd and subdivision, and time since adoption of current
marketing and land development practices; and the perceived utility of
records for budgeting property development (P<0.01;n =62,50,57).
Stocking rate also varies with economic scale and length of time of
management. (P <0.05;n =50).

The question posed is 'which of the above five factors can be
effectively manipulated to reduce and maintain stocking rates at levels
commensurate with optimal economic productivity without land and /or
pasture degradation ?'

'Location' describes a continuum from better class country with
frontages dominated by rubbervine in a non -remote situation through to
poorer, remote country dominated by heartleaf poison bush. It is
unlikely to be subject to manipulation in order to influence stocking
rate. Also, the factor describing the association of 'Bos indicus,
subdivision and stability of marketing and land development practices'
reflects a sequential development process which would not be suitable
for limiting stocking rate.

'Economic scale' describes an association of cattle numbers and
economic returns, without reference to area. Cattle numbers can be
manipulated by the manager, as in a drought situation, to influence
stocking rate. 'Economic scale' accounted for 31% of the variance
attributable to management, so offers an important mechanism for
limiting stocking rate.. The 'perceived utility of records for
budgeting' also offers an opportunity to influence stocking rate. It
accounts for 46% of the variance amongst personal attributes which were
significantly correlated with stocking rates, and has several direct
and indirect paths of association with stocking rate. It can be
demonstrated as a relevant, useful and profitable practice using a wide
range of extension techniques, involving agribusiness.
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DEVELOPMENTS IN BEEF PRODUCTION IN CAPE YORK PENINSULA

P.J. McKeague, Department of Primary Industries, Mareeba
R. Wincen, Sudley via Weipa

Introduction

The area under discussion is that part
of Cape York north of the Palmer and
Mitchell Rivers. The climate is summer
monsoonal and the rainfall is reliable.
The driest part of the region receives
over 600 mm of annual rainfall in 9
out of 10 years.

In general, the soils are infertile.
The native pasture, phosphorus and
nitrogen levels are sub -maintenance
for most of the year (Hall 1981).
Quoted carrying capacities, ranging
from 15 to 50 ha /beast (Weston et al
1981) are misleading. Often, only
small areas of favoured country
e.g. swamps or stream frontages,
carry all of the cattle within
large areas which would otherwise be
incapable of running cattle.

Traditional Management System

In Australia, extensive grazing properties have traditionally been
established by developing the more highly productive areas of native
pasture for intensive herd husbandry practices such as weaning,
preferential feeding of poor cattle, fattening and holding cattle. The
remainder of the herd is run at lighter stocking rates on less productive
"outside" country. Such areas of highly productive country allow the
implementation of husbandry practices which alleviate the stress, at
critical times, on cattle running on the less productive area. This
approach has not been possible in the Peninsula as the native pastures
collapse under heavy stocking. Thus, all cattle have been lightly
stocked over the whole of each property. As a consequence, under the
traditional style of Peninsula management, husbandry is almost non-
existent, and production is low. Annual breeder mortalities are about
16 %. Average annual brandings are in the vicinity of 45% (Boorman &
Hosegood 1986). Mustering costs are high, frequently over $25 /head
yarded (McKeague et al 1986). Mustering efficiency is low: only 607 to
70% of the stock in a given area is yarded at any muster.

In the present ecoramic climate, returns from such properties do not
cover running costs and consequently funds from "off- property" work are
continually needed to supplement income derived from the property. In
other areas, fencing would normally be used to improve stock control and
thus reduce mustering costs. However, in the Peninsula the carrying
capacity of most country is so light that fencing does not improve
mustering efficiency at all. In fact, the property labour force is so
pre- occupied with mustering and related cattle handling activities (BAE
1974) that little time is left for activities such as maintenance of
fences, yards and waters. On most properties, part of the herd has
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become feral and these cattle constitute a disease risk to the national .
herd e.g. T.B. Eradication campaign.

Remedies and Opportunities

Difficult and costly mustering is the main problem with the current
production system. Changes in the mustering process, e.g. use of
helicopters and spotter planes, have reduced costs in some situations.
However, the greatest reduction in mustering costs can be obtained by
using practices aimed at alleviating the problems of phosphorus and
nitrogen deficiency and native pasture instability under heavy grazing.

Improved Pasture

Pasture improvement techniques ranging from broadcasting seed onto
undisturbed soil, through to timber clearing followed by discing,
fertilising and sowing are being used. The technique selected is
dependant upon soil type, potential use, and property managerial and
financial resources. The pasture species used are determined by soil
type, rainfall and fertiliser regime.

Improved pastures, which include a sown grass and a legume, are stable
and highly productive under heavy grazing (1 head /ha), but for
establishment require timber treatment, soil disturbance and fertiliser
application. Pastures using legumes sown into uncleared native pasture
country improve animal nutrition and stocking rate (1 head /4 ha), but are
less stable because they rely on native pasture for the grass component.
Cleared country and sown pastures will attract and congregate cattle,
particularly at the end of the wet season. Peter Marriot, at Crocodile
Station near Laura claims a mustering efficiency of 90% and a cost of
$1.60 /head yarded for cattle with access to cleared country and sown
pastures (P. Marriot pers. comm. 1987).

Improved Husbandry

Phosphorus, fed as M.A.P. fertiliser during the wet season and early part
of the dry increases liveweight gains, fertility and survival. Mustering
costs are reduced and mustering efficiency increased by the congregation
of stock at the lick site and by the quietening effect of regular human
contact during the feeding out process. Unfortunately, in the absence of
a sown grass this practice leads to pasture degradation around the lick
site similar to that around watering points.

Weaning all calves down to three months of age twice a year in the May,
June, July and October, November periods reduces feeding costs and
increases fertility, breeder survival, and female sales. The feeding
programme for the weaners also results in quieter, more tractable cattle
and helps reduce mustering costs.

David Steele of Burlington Station near Mt Surprise, who weans his calves
down to three months and feeds supplements, claims a $2.60 /head yarded
mustering cost and 97% mustering efficiency (D. Steel pers. comm. 1987).

Most producers in Cape York appreciate that they cannot survive with the
traditional management system and are either implementing or considering
the improved pasture and improved husbandry options outlined above.
Sudley, near Weipa, is one property where a range of improved management
strategies are being implemented.



47.

The Sudley Experience

Sudley is a 1300 sq. km grazing lease located about. 60 km east of Weipa.
It has an annual rainfall of 1600 mm and is owned by Comalco Aluminium
Ltd. When Comalco commenced development in 1982 the property had no
structural improvements and there was an unknown number of feral cattle
running on it.

At that time, Comalco was producing beef for the Weipa market (200 to 300
head annually) on Heathlands, which is 160 km north -east of Weipa.
However, the soils on Heathlands are sandy and infertile. High
fertiliser costs made production there uneconomic.

The long term aims in developing Sudley are to supply beef to Weipa and
to demonstrate that beef production can be economically viable in Cape
York provided the property has a reasonable area of clay, clay -loam or
duplex soils.

The problems associated with establishing Sudley were more complex than
for most properties because the supply of beef to Weipa had to be
maintained, T.B. eradication requirements had to be met, and there was no
successful development pattern to follow. It was not possible to apply
all the desirable practices at once, but over the last 6 or 7 years a
successful development pattern has emerged. This has resulted in a high
standard of husbandry and a viable enterprise.

Pattern of Development

Settling Paddocks

A fenced area clear of feral cattle was established first to allow a
settling down period before cattle brought from Heathlands were bushed.
This increased the chances of re- muster of these stock.

Improved Pasture Paddocks

Small paddocks (30 to 60 ha) of intensively developed (cleared, disced,
fertilised and sown) pastures have been established for weaners, holding
killers, sale cattle and weak stock. The pasture species sown included
Seca and Cook stylo, Centro, Glenn Joint -Vetch and Signal, Tully and Para
grasses. The establishment cost of these pastures was $185 /ha.

Native Pasture Paddocks

Native pasture paddocks ranging in size from 100 to 760 ha have been
fenced and watered as holding paddocks for T.B. testing, quietening feral
cattle and holding cattle during normal musters. These paddocks are
being up- graded with sown pasture, (pulling, burning, fertilising and
sowing), to be used for steer growing and fattening. The main pasture
species sown are Seca stylo, Glenn Joint -Vetch, Tully and Gamba grasses.
The establishment cost of these pastures is $94 /ha. Timber regrowth
control will be required on these areas.

Breeder Paddocks

A couple of paddocks have been fenced where breeders can be run in the
absence of feral bulls so that blood lines can be up- graded.
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Water

A series of dams placed in lightly timbered country has been effective in
attracting feral cattle away from the creeks which are generally scrubby
and impossible to muster. The dams have also resulted in a more
effective utilization of the native pasture resource.

Improved Husbandry

Phosphorus supplement (M.A.P.) was fed in most areas for the first time
during 1987. The benefits from this are not yet fully evident. Costs
are not available as all stock are not yet eating the supplement.

Calves are now weaned down to three months at each muster and breeder
condition, survival and fertility rates have improved as a result. Fed
weaners are proving to be very quiet and tractable.

Results

The Sudley herd is now under control. However, all feral cattle will not
be eliminated until neighbouring properties achieve a similar standard of
husbandry. Mustering costs are currently less than $5 /head yarded with a
mustering efficiency of over 70 %. More time is required to establish the
branding percentage, but it is expected to be 65 to 707.. Cattle in
excess of those needed for the Weipa market are being produced from a
steadily expanding herd.

Conclusion

The basic strategy of property development demonstrated at Sudley will be
effective throughout Cape York Peninsula, but the landholder must be
technically, financially and managerially capable of implementing it on
his own property. Undoubtedly, problems of adoption and application will
arise as more properties attempt to follow this pattern. However, with
Government and industry support, Cape York is poised to become one of the
most intensive beef producing areas in Australia.
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Reproductive performance of 50% Bos i ndl cus
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The reproductive performance was measured in a beef breeding herd, of 50%
Bos indicus, grazing the Mitchell (Astrebla spp.) grasslands of north
Queensland from 1973 to 1980.

The mean pregnancy rate over the eight years (1973 to 1980) was 91.4%
ránging from 79.0% to 96.0 %. Mean pregnancy rates and ranges for various
age groups were (i) 2 year old heifers, 93.4% (86.2 - 97.6 %), (ii) wet 3
year old cows, 79.6% (41.4 - 94.4 %), (iii) wet 4 year old and older cows,
92.4% (74.4 - 96.6 %). Generally, dry cows had higher conception rates than
wet cows. Lactation failures (cows pregnant one year but dry at the
following year's pregnancy test) were 9.3% (range 4.7 - 15.8 %). Age of dam
had no effect on prevalence of lactation failures. Body condition levels
were dependent on seasonal conditions and the mean herd body condition
varied from 4.8 (backward store -store) to 7.5 (prime -fat).

Introduction

Mitchell grasslands supported approximately 50% of the states sheep and 6%
of the states cattle in the early 1970's (ABS statistics, 1973). Since
then, there has been a trend to replace sheep with cattle especially in the
northern portion of these grasslands.

There is little published information on the reproductive performance of
cattle on these treeless grasslands. Reproductive rates of sheep in these
areas are low with average lamb marking percentage for 1946 -65 being 41%
(Murray 1969) with heat' induced seminal degeneration as a contributing
factor (Entwistle, 1972). This and neonatal hyperthermia in calves
(Entwistle, 1974) could be a cause of lowered reproductive performance of
cattle in this environment.

Materials and Methods

This paper reports on the reproductive performance of cattle over 8 years
on "Katandra ", 90 km southwest of Hughenden. The country is gently
undulating, relatively treeless with Mitchell (Astrebia spp.) and Flinders
(Iseilema spp.) grasses predominating. ,Soils are of moderate to high
nutrient status both in N and P. The property lies within the 450 mm
isohyet with 70% of rain from December to March. Mean maximum and minimum
summer temperatures are 36.3 °C and 21.6 °C but daily maxima may reach 45 °C.
For winter, maximum and minimum temperatures are 25.9 °C and 9.2 °C
respectively (Anon. 1970).



Droughtmaster (50% Bos i nd i cus) cows, mainly 2 and 3 year old, were
introduced in November 1971, October 1972 and October 1973, with the cow
herd size ranging from 572 to 853 over the years.

Stocking rate was 1 AE per 12 to 15 ha. Cows were mated each year
commencing late January to early March for 70 to 115 days with 3 to 5%
Droughtmaster bulls . Calves were branded when bulls were removed from the
herd. Most calves were weaned late June - early August with some smaller
calves being weaned in October.

Each year, cows were pregnancy tested June to August with an additional
test in October 1973 -76 inclusive. Foetal and calf losses from pregnancy
test to weaning were determined by lactation failures. This refers to cows
pregnant one year but dry at the following years pregnancy test.

Cows were culled each year for failure to conceive when dry; failure to
rear a calf to weaning; age (10 years); physical defects and conformation.

Results and Discussion

The study encompassed a range of seasonal conditions. Years were
classified as good, average or poor assessed by both total and distribution
of rainfall (Table 1).

Table 1. Annual rainfall and type of year at "Katandra"

Year Annual rainfall (mm) Type of year

1972 -73 551 good
1973 -74 1077 average
1974 -75 554 good
1975 -76 541 good
1976 -77 482 poor
1977 -78 340 poor
1978 -79 572 good
1979 -80 252 average
40 year mean (Hughenden) 444

The mean pregnancy rate over the eight years (1973 -80) was 91.4% ranging
from 79.0% to 96.0 %. Mean pregnancy rates and ranges for various age
groups were:-

2 year old heifers, 93.4% (86.2 - 97.6 %)
3 year old wet cows, 79.6% (41.4 - 94.4 %)
3 year old dry cows, 94.3% (92.3 - 100 %)
4 year old and older wet cows, 92.4% (74.4 - 96.6 %)
4 year old and older dry cows, 95.0% (50.0 - 100 %)

Relationships between rainfall and subsequent pregnancy rate were only of
importance in heifers where pregnancy rate was influenced by rainfall from
November until the end of mating (r =0.78 P <0.01). The month of pregnancy
was a function of commencement of mating rather than month of rainfall.
The lowest pregnancy rate occurred after 2 consecutive poor years when in
1978, 3 year old wet cow pregnancy rates dropped to 41.4% and the overall
herd rate to 79.0 %.
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These pregnancy rates are higher than previously been reported from beef
cattle in north Queensland. Holroyd et al (1979) found mean pregnancy
rates of 83% in 5 herds in north -west Queensland. Although we didn't
examine bulls, heat induced seminal degeneration would appear not to be a
problem with bulls as in rams (Entwistle 1972) as pregnancy rates were
high.

From 1973 to 1978, lactation failures (cows pregnant one year but dry at
the following year's pregnancy test) were 9.3% (range 4.7 - 15.8%). Age of
dam had no effect on prevalence of lactation failures. It was not possible
to diagnose the cause or time of lactation failure because of the
infrequency of examination. Reproductive diseases were not a problem
except for leptospirosis in the initial years and this was subsequently
controlled by vaccination (Holroyd and Smith 1976). Neonatal hyperthermia
may have been a contributing factor. The provision of shade may contribute
to improving survival rates of calves as it has for lambs. (Stephenson
et al 1984).

Pregnancy rates minus lactation failures equate to weaning rates. In this
case, the mean herd branding /weaning rates was about 78% (range 68 - 90 %).
This compares with ABS derived figures of 59% branding rate for the
Richmond and Flinders shires during comparable years.

The pasture quality was such that although body condition levels were
dependent on seasonal conditions, mean herd body condition at June - August
varied from 4.8 (backward store - store) to 7.5 (prime -fat) . Within
classes, heifers and dry cows had better condition than wet cows and
generally wet 3 year old cows were comparable to older wet cows. The only
significant relatiònship between pregnancy rate and body condition level at
pregnancy test occurred in 3 year old wet cows (r = 0.07, P <0.05).

Accurate estimates of cow deaths were not possible. It was the manager's
opinion that mortality rates of these cows were less than 5 %. Exceptions
could be a complete absence of a wet season or some abnormal seasonal
condition. In December 1976, the seasonal break was from a cyclonic
influence resulting in flooding. This was followed by a cold spell causing
minimal pasture growth. Bogging and starvation caused some 100 (15 %) cow
deaths.

Given the stocking rates experienced here, this monitoring has shown that,
providing the common reproductive diseases are controlled, herd pregnancy
rates in excess of 90% can be obtained over a number of years, in 50% Bos
indicus cattle grazing the Mitchell grasslands of north Queensland. Cows
can be maintained in store to prime condition by mid year and that cow
mortalities are generally not a problem. Although lactation failures were
high in some years, it still allowed weaning rates in excess of 75 %.
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Analysis of plant and animal relationships in grazing trials.

P.E. Novelly (Q1d.DPI, AZRI Longreach, 4730) and P. K.
O'Rourke (Qld. DPI, Brisbane, 4001).

INTRODUCTION

Since successful grazing management implies both optimum
livestock production and vegetation stability, establishing
relationships between plant and animal variables able to be
economically and reliably measured is important. These then
permit prediction of response to management practices.
However, results from apparently similar experiments, and the
plant /animal relationships developed from them, can conflict,
with little idea as to why this occurs.

Conflict may arise because, although animal 'production
variables are reasonably standard (liveweight gain, wool
yield), vegetation variables often depend more on
relationships considered "of interest" (between vegetation and
animal production), or researcher preference (Hickey, 1977)
rather than a standard set. This is particularly true where
assessments of range condition are made. Even if several plant
variables are measured, little correlation may exist between
them and assessed pasture condition (Friedel, 1981) or plant
and animal production (Wilson and Tupper, 1982). This paper
demonstrates that animal production data do not necessarily
exhibit the expected relationships with plant variables,
especially variables chosen to define range condition.
Additionally, we show that variables developed from the
experimental procedures used, rather than those variables
applied, may be most important in predicting animal response.

METHODS

Data are from a 5 paddock grazing trial near Auga- thella, SW
Queensland (lat. 26° S; long. 146° E), conducted from 1974 to
1986 by Charleville Pastoral Laboratory staff. Pastures were
initially composed of Mitchell grass (Astrebla app.), other
perennial and annual grasses and forbs. Each April /May forage
yield was assessed, and stock numbers (wethers) adjusted to
consume 10, 20, 30, 50 and 80% of it over the next 12 months
(average consumption 400 kg dm /animal /year). Yield was
assessed by a double sampling technique; basal area (BA) and
botanical composition (as mean relative abundance (MRA)) by
wheelpoint. Animals were weighed bimonthly and shorn annually.

Data were analysed in stages, from analysis of variance
through simple and partial correlations to the development of
regression equations. However, uneven data sets complicated
analysis. BA data were only available for 6 years and MRA data
for 7. Pasture yield and animal data were available for all 11
years, although the latter were not available for all
utilization levels.
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RESULTS AND DISCUSSION

Animal production (mean s,

1974/75-1985/86) varied with
utilization level (Figure 1),
with no plateau in greasy
fleece weight (GFW) /ha or
liveweight gain (LWG) /ha. 6

However, LWG decreased at
higher utilization, implying
forage was limiting. Pasture
condition, in contrast,
deteriorated at 50 & 80%
utilization, and pastures were
destocked. This suggested

kgexcessive use, downward trend
and a deteriorating pasture
resource. Consequently, the 2

animal production was achieved
at the expense of the pastures.

f-

Therefore, to discover possible
animal /vegetation relationships

0

to explain these data, simple
correlations between pasture
parameters and each of the
animal production indices were
determined (Table 1).

10 20 30 50

utilization
Figure 1. Liveweight gain (LWG) and greasy
fleece weight (GFW) at 5 levels of pasture
utilization.

80

TABLE 1. Mean and standard deviation of pasture parameters,
and their correlations (x100)

Mean

Utilization (X)
SR (an /ha)

(S.D.)

Yield 1072 kg /ha 208
For /an 1798 kg 158

BAPG 3.2 X 0.4
BAAS 1.4 X 0.4
BAAL 0.3 X 0.1
BADS 0.6 X 0.4
BAPQ 0.3 X 0.3

MRAAS 50.7 X 9.2
MRAAL 9.4 X 2.8
MRADS 19.1 X 7.7
MRAPQ 14.7 X 8.0

with

LWG /HA

32*
38**
11.

animal parameters.

GFW /HA LWG /AN

61** -07
85** -35**
32*. -29*

GFW /AN

-14
-49**
-48**

-26 -53**. 11 18 '

06 14 -13 -36
51** 35 24 -10
13 35 -11 -34

-34 -26 -31 -22
-32 -15 -30 -15

43* 13
67** 52*':-

-47** -31.
-46** -17

67** 38*
31 . . -0-3.

-55** -33
-53** -12

For /an = forage /animal /year; PG = perennial grass; AS =
Astrebla sup.; AL Aristida leptopoda; DS Dicanthium
sericeum,; PQ Panicum cueenslandicum; * P <0.05; ** _
P <0.01.



55.

Stocking rate (SR - a derived variable) dominated with high
correlation coefficients. Utilization percent (the actual
experimental variable) had a lesser effect. BA of "perennial
grass" and individual species was unimportant, except in one
case (LWG /ha and BAAS). MRA was only important for LWG.
Pasture yield really only influenced GFW /animal, and then as
an unusual negative effect of yield on production /animal.

Given the limited effect of single variables (apart from SR)
in explaining animal performance, combinations of variables
were then examined. Because of the relative importance of the
variables illustrated in Table 1, the first set of partial
correlations removed the effect of stocking rate and the data
were then examined for any further correlation between pasture
and animal variables (Table 2). Further analyses then examined
the effect of removing all the combinations of SR, MRAAL and
MRAAS on other ,MRA terms and yield. This showed pasture
utilization percentage no longer had any effect on animal
response, and yield was only important for GFW /animal. MRADS
and MRAPQ were not important at any stage. Basal areas were
not screened in this series as the data sets were incomplete.
However, likely combinations were screened separately.

TABLE 2. Partial correlation (x100) of pasture and animal
parameters with the effect of stocking rate (SR) removed.

LWG /HA GFW /HA LWG /AN GFW /AN
Utilization (%) 12 19 21 24
SR2 29* 22 21 32*
Yield (kg /ha) -07 -12 -15 -34 **
For /an (kg /yr) -06 -12 -11 -13

BAPG ( %) 09 06 -08 -37
BAAS ( %) 56 ** 30 36 05
BAAL (%) 20 21 02 -19
BADS ( %) -39* -19 -44* -51 **
BAPQ ( %) -34 -14 -36. -26-

MRAAS (%) 48** 23 69** 44*
MRAAL (%) 60** 33 49** 25.
MRADS (%) -45** -30 -63** -50**
MRAPQ (%) -47** -17 -58** -19--

Data in Tables 1 and 2 indicate that the variables apparently
of most importance after SR were MRAAS and MRAAL. These three
variables plus - BAAS and BADS were screened to select the
best combination of plant parameters for each animal
parameter. The fitting procedure included all significant
terms.

continued page 57
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Final equations were :

LWG /HA = -6.6 + 0.10 (0.042) MRAAS + 0.76 (0.156) MRAAL
(R2 =53.78)

GFW /HA = 0.68 + 3.71 (0.330) SR (R2 = 72.50)

LWG /AN = -5.0 + 0.23 (0.047) MRAAS + 0.53 (0.189) MRAAL
-4.39 (1.324) SR (R2 = 61.58)

GFW /AN = 6.3 - 0.49 (0.192) SR - 0.00059 (0.00024) YIELD
(R2 = 32.63)

The pasture variable best predicting animal response varied
depending on which animal variable was considered. The amount
of variation explained by regression equations also varied.
That for GFW /an was particularly low. This implies
considerable interaction exists among plant variables and
animal /plant relationships in explaining the different animal
production variables. However, the importance of SR in this
trial is evident.

CONCLIISIONS

Not all predictions of output arise from single,
straightforward relationships with inputs. They result from
juxtapositions of vegetation potential, physical management
and non -controlled variables (e.g. rainfall). In this trial,
the most predictive variable for animal production, stocking
rate, was not one specifically tested. Rather, it was derived
from the animal /area combinations used to establish other
experimental treatments. Some measured variables (e.g. BAPG),
which would obviously have a predictive role in assessing
range condition, exhibited no apparent relationship with
animal production.

Animal production is the economic wealth of rangelands, and
the pristine state (often regarded as "excellent" condition)
is not necessarily the most desira -ble. However, animal
production at the expense of the pasture is untenable. Yet,
assessing pasture condition (either ecologically or animal
production based (Smith, 1979)) -is subjective. Experimental
details, the vegetation and the variables measured will
strongly influence the conclusions drawn. Therefore, strict
relationships do not necessarily follow. In this experiment,
management imposed has affected animal and plant variables in
different ways. This highlights the need for coLiplete analysis
of grazing trials data, rather than simply examining the
applied treatments and the measured animal /plant response to
them.
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ROO FARMING: A VIABLE ALTERNATIVE?

by K.M. C RNACK BVSc

Address: Queensland Department of Primary Industries
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CHARLEVILLE QLD 4470

Abstract: Two different methods of kangaroo farming are considered.
Firstly a 'conventional' system is examined. Here the animals are
fenced in, identified, handled and harvested as for domestic
livestock. Given the present economic climate for kangaroo
products, this system is not thought to be viable. The second
system involves 'opportunistic harvesting'. This method is believed
to hold the greatest potential to stop degradation in the sheep
rangelands and also generate farm income.

* * * * * * * * * * * * * * * * * * * * * * * * * * * **

When I speak of kangaroo farming, I am referring to utilising only
four species of macropods:- the red kangaroo (Macropus rufus); the
eastern grey (M. giganteus); the western grey (M. fulingosus) and
the Wallaroo (M. robustus). These four species have increased in
abundance throughout the rangelands in response to post 1788
pastoral activities. The fate of the other 40 odd species, will not
be addressed.

Interest in kangaroo farming has probably arisen for two main
reasons. Firstly, the recognition that kangaroo products are high
quality and thus have great marketing potential. The leather is one
of the strongest known for its' weight and the meat is far leaner
than mutton (kangaroos 0.6% fat and sheep 27% fat). The second
reason is that 'farming' may be a potential solution to the hotly
debated question of kangaroo management in Australia. If kangaroos
are seen as a resource to be wisely utilised then the problem of
pest versus cult object is overcome.

'Conventional' Farming Systems

The potential of farming systems are presently limited by the
biology and husbandry of the kangaroo, by markets for products and
by administrative matters.

Production of saleable animals is limited by a low reproductive rate
and a slow growth rate. Expensive kangaroo proof fencing would be
required to confine the animals. The erected cost of .such a fence
has been estimated to be $2200 per km (1974 prices). Kangaroos may
be difficult to husband in captivity. They are difficult to catch
and handle and are prone to stress diseases such as post capture
myopathy and 'lumpy jaw'. Coccidiosis and internal parasites may
become problems in intensive situations.

Markets currently exist for both meat and skins but prices paid
fluctuate widely (skins $1.50 to $7.00) and do not reflect the true
value of the product (meat only 55 cents /kg retail). Our skins
market is heavily dependent on overseas demand and this market is
influenced by the powerful animal welfare lobby. Kangaroo meat is
currently only used for human consumption in South Australia and



overseas. Despite high inspection standards, there is a consumer
'psychological' resistance to eating roo meat. The main market
force is therefore the pet meat industry. Roo flesh must compete
with other meats for it's share of a limited market.

In addition, complex administrative and legal matters would need to
be sorted out. At present, the crown owns all kangaroos, not the
Landholder. This would need to be reviewed. Success of an industry
would depend upon the utilisation of kangaroos becoming accepted by
the public as a legitimate and beneficial activity in its' own right
(no easy task!) .

It is for these reasons that I believe kangaroo 'farming' is not a
workable proposition at present.

Opportunistic harvest systems or 'Rangeland Farming'

The present kangaroo management programme operates on the principle
that roos are an agricultural pest which require control. The
kangaroo harvest is theoreticaly a byproduct, not an industry in
its' own right. Howe\rer, in reality the harvest is driven by market
forces, not the quotas imposed. The present system involves the
grazier raising the roos inadvertently. These 'pests' are then
either shot by an endorsed professional shooter (at nil return to
the grazier) or shot by the grazier and left to rot, at negative
return to the 'producer' (time and money). The opportunistic
harvest system currently being proposed by Grigg and others involves
the grazier utilising kangaroos present on their property for their
own commercial gain.

The major hitch with this proposal is that prices paid for kangaroos
products are not currently high enough to make the proposition
economically viable. It has been estimated that a price increase of
at least 400% would be required. The product is good enough to
bring these prices - we have to educate our consumers and market our
product tp bringnthis ábqut.

There are other hitches inherent in this type of proposal. Firstly,
kangaroos have little regard for stock fences and can have large
home ranges. Therefore it will be difficult to 'keep your roos at
home', especially once shooting is being carried out. One possible
solution is for adjoining neighbours to form a co- operative,
harvesting and sharing their roos. Secondly there is the problem of
the crown presently owning all kangaroos which needs to be
addressed. Thirdly, the logistics of keeping carcasses chilled
until they reach the market needs considering - a system of mobile
chillers has been proposed for this purpose. Fourthly the industry
would need some type of regulation. The long term survival of the
species must be ensured. It is my belief that should roos become
valuable, this in itself would ensure their preservation by
graziers.

The most exciting aspect of this proposal is that harvesting of
kangaroos in this matter can result in lower sheep stocking rates
throughout our fragile rangelands. The results of grazing studies
suggest that sheep and kangaroos are largely complementary grazers
in good seasons and that a system involving raising both animals can
bring maintained farm income and pasture stability. Farming



kangaroos in this manner will ensure their rangeland habitats are
conserved and not subject to further degradation from high sheep
stocking rates - the ultimate conservation objective.

I conclude that the opportunistic harvesting of kangaroos has great
potential for the long term management and stability of our
rangelands. . This is achieved by the reduction of sheep stocking
rates and the supplementation of farm income from harvesting the
naturally occurring kangaroo resource.
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Tub EFFECT OF SHEEP STOCKING RATE ON RID KANGAROO GRAZING
PRESSURE

WATSON, I . W . , HOLM, A. McR . , SHACKLEION , K . R . , and ALLEN, R.J.

Rangeland Management Branch, Western Australian Department of
Agriculture, PO Box 522, CARNARVON WA 6701.

INTRODUCTION

Domestic stock are not the only large herbivores to graze arid pastoral
shrublands. Kangaroos, as well as feral animals often add to the grazing
effects of domestic animals and cause higher grazing pressures than the
nominal stocking rate suggests.

Conservative stocking and deferred grazing are management practices
becoming increasingly favoured by land managers in an attempt to enhance
the sustainable productivity of arid grazing lands. Conservative stocking
practices are particularly important under poor seasonal conditions.
However, a common perception is that where domestic stock numbers are
reduced, a practice under the control of management, uncontrolled kangaroo
grazing increases. The dietary overlap between domestic stock and
kangaroos has been well documented and reviewed (Barker, 1987).

Dung sampling was used to determine the relative grazing pressure exerted
by red kangaroos (Macropus rufus) between paddocks set at different sheep
stocking rates. The practice of dung sampling has been used with mixed
success to estimate the absolute numbers of kangaroos (Johnson and Jarman
1977, Coulson and Raines, 1985) however in the work reported here the
weight of kangaroo dung is used as a measure of the relative amounts of
kangaroo grazing pressure and not as a measure of absolute numbers.

This paper examines the effect of sheep stocking rate on red kangaroo
grazing pressure over a range of seasonal conditions, and the implications
of this for pastoral management.

EXPFRIMFNT'AT.

Site description

This study of kangaroo grazing pressure comes from within a sheep grazing
trial on Boolathana Station (24° 39'S; 113° 42'E) near Carnarvon, Western
Australia. The study site comprises two major land units, very flat
alluvial plains (62% of area) and low sandy rises (38% of area) of the
Sable land system (Payne et al 1988).

The alluvial plains consist of duplex soils with the perennial vegetation
comprised mainly of dense stands of Gascoyne bluebush (Maireana
polypterygia) , low bluebush (M. platycarpa) , Gascoyne mulla mulla (Ptilotus
polakii) and bladder saltbush (Atriplex vesicaria). The sandy rises carry
limestone wattle (Acacia sclerosperma), Wilcox bush (Eremophila forrestii),

mailtlandii, silver saltbush (Atriplex bunburyana) and currant bush
( Scaevola spinescens). Over 40 perennial and 100 annual species are found
on the study site.



Rainfall is bimodal with a mean of 237mm and median of 208mm. Rainfall for
1984 was within the highest decile of recordings, 1985 and 1986 were both
within the fifth decile while 1987 was within the lowest decile
(n= 85)(figure 1).

The grazing trial comprised five sheep stocking rates using merino wethers.
The stocking rates were 2.5, 3.7, 5.6, 8.4, 12.7ha /sheep, attained by
placing 30 sheep in paddocks ranging from 75ha to 380ha. Grazing was
continuous over the sampling period of January 1984 to November 1987. Two
exclosures were located on opposite sides of the trial site. The
recommended stocking rate for this land system is 5ha /small stock unit
(Payne et al 1988).

Fach paddock had a central watering point (3000 ppm total soluble salts) .

Permanent transects were located on sand and duplex soil types 150m - 800m
from water. There were 12 transects in each paddock, six on duplex soils
and six on sandy soils.

Flerbage and dung measurements

Herbage mass, present as annual and perennial grasses, annual and biennial
chenopods, and annual and biennial herbs and forbs was recorded at three
monthly intervals by the dry weight rank method. (t'Mannetje and Haydock,
1963).

Dung transects measured 30m x 2m and were located immediately adjacent to,
each of the twelve vegetation transects in each paddock. Dung was
collected at six -week intervals, oven dried, then weighed.

RESULTS'

The greatest average weight of dung per hectare was found in the most
lightly stocked paddock. Much lower average weights of dung were found in
the three most heavily stocked paddocks (Table 1).

During the early stages of the trial, dung weights per hectare in each of
the two extreme stocking rate paddocks were similar. From early 1985, dung
weights declined in the most heavily stocked paddock while remaining at
high levels in the most lightly stocked paddock (figure 2).

Herbage mass was greater than 730 kg/ha in all five paddocks during the wet
winter of 1984 and this declined to below 6 kg/ha by autumn 1987 (figure
3).

In order to show the shifts in kangaroo grazing pressure with changes in
herbage mass, the ratio of kangaroo dung weight per hectare in the most
lightly stocked paddock to that in the most heavily stocked paddock is
compared with herbage mass in figure 4. Herbage mass was measured in the
two ungrazed exclosures. The dung ratio declines as the herbage mass
increases.

DISCLJSSION

In this study, _s_ gar os az - dockdocks stocked lihtl w
reference t. .os- ..:do s stocked -. This effect was

pronounced when herbage mass levels were low in poor seasons.

s - -
most

Two factors may have contributed to this effect. Firstly, that there was
spatial competition between sheep and kangaroos and this competition was



most marked when herbage mass levels were low. The alternative is that
kangaroos exhibited a preference for grazing in paddocks where herbage mass
levels were greatest. We make the assumption that herbage mass is
indicative of the availability of all pasture species including perennial
shrubs .

The incidence of spatial competition between sheep and red kangaroos has
not been reported. Casual observations suggest that sheep and kangaroos do
graze in close proximity to each other.

The authors suggest that kangaroo grazing pressure declined in the most
heavily stocked paddock from early 1985 onwards because pastures were more
attractive to kangaroos in the more lightly stocked paddocks. As kangaroos
are relatively mobile and sheep fences are only deterrents at best,
kangaroo grazing pressure shifted from an even distribution early in the
trial (when herbage mass was both bountiful and fresh) to a marked
preference for better pastures as seasonal conditions worsened-

-Control of not only domestic grazing animals but also native and feral
animals is essential if true conservative stocking levels are to be applied
to pastoral management. Conservative stocking, particularly on a paddock
by paddock basis can lead to higher grazing pressures from uncontrolled
animals. Specific programs of control of these non -domestic animals are
necessary where astora management imposes non -uniform stocking pressures.

The Boolathana sheep grazing trial is supported by the Australian Wool
Corporation.
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Figure 1

Rainfall during the
three months prior to
each vegetation sampling.
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Figure 4

The shift in kangaroo grazing
pressure due to seasonal conditions
as shown by the ratio of amount of
dung collected in the most lightly
stocked paddock to the most heavily
stocked paddock. compared with
ungrazed herbage mass.
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Table 1.

Average cQeights of kangaroo dung collected from
January 1984 to November 1987.

Seep stocking Kangaroo dung Group (l.s.d. = 289
rate ha /sheep g/ha at p = 0.05)

2.5 446 A
3.7 456 A
5.6 490 A
8.4 1 020 B

Changes in herbage mass 12.7 2 430 C
for the most heavily and
the most lightly stocked
paddocks. n = 34 P'0.001

o 12.7 ha/sheep

+ 2.5 ha/sheep

1984 iT 1985 1986 1987
1
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THE EFFECT OF KANGAROOS ON THE PRODUCTIVITY OF SHEEP IN 'THh MULGA
WOODLANDS

A.D. Wilson and N.D. MacLeod

CSIRO Division of Wildlife and Ecology,
Rangelands Research Centre,
Private Bag, P.O.,
Deniliquin, N.S.W. 2710

The mulga woodlands of NSW and Qld are grazed mainly by Merino sheep.
The density of sheep fluctuates with the type of country and the cycles
of rainfall, but is in the range 0.2- 0.5 /ha (Harrington et a1. 1984).
Kangaroos are also common with estimates of up to 0.2 /ha determined by
aerial survey (Caughley and Grigg 1982) and higher estimates of 0.3 /ha
by ground survey (Short and Bayliss 1985). A useful generalisation is
that kangaroo numbers are in the vicinity of 50% of the sheep numbers.
It is therefore apparent that they provide a significant amount of the
total grazing pressure in these woodlands.

The effect on these kangaroos on sheep production is currently being
assessed in a trial at Lake Mere Station, via Bourke. This paper
presents the first 12 months data from that trial.

METHODS

An area of Acacia aneura woodland was subdivided into 12 paddocks of
7.5 -30 ha paddocks were stocked with 3 -6 sheep (wether weaners) to
provide a range of stocking rates. Half the paddocks also held
kangaroos, approximately equal in number to the sheep. The kangaroos
were mainly western greys (Macropus fuliginosus) with a few reds (M.
rufus). The body weight gain and wool growth of the sheep was measured
quarterly. The kangaroos were weighed in one paddock and their weight
estimated in the others.

The data was analysed with linear regressions of body weight gain' and
wool weight on sheep and kangaroo stocking rates, using the
pre -experimental forage yield of each paddock as a covariate (i.e.
weight gain = a - b sheep stocking rate - c kangaroo stocking rate - d
initial forage yield). These regressions were then used to calculate
optimum stocking rates by the expression (a - ck) / 2b for maximum gains
per hectare as described by (Jones 1981). Finally, the effect of
kangaroos on station profitability was determined by scaling the
production data to adult sheep and applying them to a station flock of
5000 sheep within a static economic model.

RESULTS

The hoggett weight gain and the clean fleece weights for 1987 are
summarised in regression form. The linear regression for weight gain (G,
kg / 12 months) was -

G = 17.1 = 23.25S - 12.0K + 0.044F (1)

or G = 15.1 - 0.62SW - 0.39KW + 0.052F (2)



where F is the initial forage yield, S is sheep no. /ha, K is kangaroo
no. /ha, SW is sheep weight kg /ha and KW is kangaroos weight kg /ha. These
equations explained 79 and 670 of the deviance respectively.

The same expressions for clean fleece wt (CFW, kg) were -

CFW = 3.30 - 2.13S - 1.18K + 0.0048F (3)

and CFW = 3.11 - 0.055SW - 0.038KW + 0.0054F (4)

which explained 76 and 60% of the deviance respectively. Quadratic and
interaction terms were not significant for either weight gain or wool
weight.

A simple evaluation of the competitive effect of kangaroos on a sheep
station is to compare the slope coefficients for each animal species
from the regression equations above. The ratios of S:K are 1 :0.52 and
1:0.55 (equations 1 and 3) and SW:KW are 1:0.63 and 1:0.68 (equations 2
and 4). This indicates that for the sheep and kangaroos within the
trial, adding 1000 kangaroos had the same effect on productivity per
sheep as adding 520 -550 sheep, or on an equivalent weight basis, 1000 kg
of kangaroo was equivalent to 630 -680 additional kg of sheep. It should
be noted that an increase in density of either sheep or kangaroos has a
much greater effect on weight gain than on wool production.

At .a station level the outcome is more complex, since the presence of
increasing numbers of kangaroos may change both the number of sheep
carried and their individual productivity. The actual outcome will be
further dependent on the effect of seasonal variability, (i.e. numbers
carried through droughts) for which no results are available. An
appropriate basis for comparison within the limits of the present
results is to assume that sheep numbers are adjusted to give maximum
sheep weight gain /ha. In this calculation the forage covariate F was
held constant at the mean value. The effect of various kangaroos numbers
on optimum stocking rate, weight gain and wool growth within the trial
area is shown in Table 1.

Table 1. The effect of kangaroo density on optimum stocking rate and
production, based on equation 1.

Kangaroo density (no. /ha)
0 0.1 0.2 0.3 0.4

Stocking rate for maximum 0.53
weight gain /ha (no. /ha)

0.50 0.40 0.45 0.43

Weight gain at the above
stocking rate

(kg /sheep) ; 12.3 11.8 11.1 10.6 9.8
(kg /ha) ; 6.5 5.9 5.3 4.8 4.2

Wool growth at the above
stocking rate

(kg /sheep) ; 2.98 2.93 2.85 2.80 2.72
(kg /ha) ; 1.60 1.47 1.37 1.26 1.17
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For application within the economic model, sheep stocking rates were
reduced by half to allow for the greater size of adult sheep and
kangaroo stocking rates were reduced by 33% to allow for the greater
size of kangaroos in station populations. Production levels were assumed
to be 5.0 kg ewe greasy fleece wt and 68 % lamb marking percentage when
stocked optimally without kangaroos. These results were then scaled
according to the data in Table 1 for increasing numbers of kangaroos.
The results are presented in Table 2. If case 3 represents an average
situation (2600 kangaroos and 4325 sheep on 50,000 ha), the gross margin
foregone is $53,000 or $20 per kangaroo.

Table 2. Gross margins for various kangaroo densities on a theoretical
station of 20,000 ha.*

Kangaroos Sheep Gross margin ($)
Case No. (no. /ha) No. (no. /ha) ewe wether flock

1 0 0.00 5000 0.25 40.21
2 1340 0.07 4595 0.23 39.51
3 2680 0.13 4324 0.22 38.38
4 4020 0.20 3919 0.20 37.76
5 5360 0.27 3648 0.18 36.69

46.22 269,770
44.08 240,344
41.43 216,541
39.19 189,951
36.59 168,993

* Based on effect of kangaroos on sheep production and
stocking rate presented in Table 1, productivity of 5.0 kg
greasy and 68% lamb marking for case 1 and nett price of
720c /kg greasy for 22 micron wool after deduction of
freight, tax and wharehousing.

DISCUSSION

This study has a number of limitations. The first is that it is based on
only one year's field results. The second is that it cannot adequately
account for seasonal variability, wherein drought years are likely to
control the stocking characteristics of a station. The third is that
transposition to a station level involves a number of simplifying
assumptions. Nevertheless we regard the results as providing a realistic
assessment of the comparative effect of various kangaroo numbers on
station productivity and profitability.

The ratio of coefficients within the regression equations indicate an
equivalent effect of 0.63 - 0.68 sheep = 1.0 kangaroos for animals of
the same weight. This is consistent with the differences in the
metabolic rates of these animals. At a property level, and within the
assumptions of the model, a station capable of carrying 5000 sheep but
instead carrying 4325 sheep and 2600 kangaroos has foregone $53,229 or
20% of its gross margin because of kangaroos. This is approximately $20
per kangaroo, which is equivalent to the 0.63- 0.68:1.0 ratio in the
stocking rate regression. It is also considerably larger than the survey
results of Gibson and Young (1988), who calculated a cost of
approximately $6 per kangaroo at 1986 wool prices. Despite the
significant difference in wool prices between the present selling season
and 1986, the results indicate that the economic effect of kangaroos has
been greatly underestimated in their survey.
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In addition to these direct costs, kangarops_redure any oppórtunitLe
that may arise for improving long -term station productivity through
light stocking. Light stocking may be desirable to encourage perennial
grasses or to engage in prescribed burning for shrub control. The effect
of kangaroos on income and management is therefore significant.
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RURAL NATURE CONSERVATION - THE QUEENSLAND APPROACH

Alan Don
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Introduction

Queensland is the most environmentally diverse state of
Australia. Its 13 biogeographic regions range from the gulf
wetlands to the mulga shrublands; from the wet tropical
rainforests to the arid.channel country. In these 13
regions, 218 distinct vegetation communities have been
recognised. Over three -quarters of the families and genera of
Australian vascular plants and almost two - thirds of
terrestrial animal species occur in Queensland (Beadle, 1981;
Sattler, 1986; James & Johnston, 1986). The bird and mammal
fauna is particularly rich, having 73% and 67% of Australian
species respectively.

Conserving this natural heritage is not a simple task. The
basis for conservation is the protection of natural
diversity, and in particular, the preservation of genetic
variation. This can be achieved through a conservation
reserve system which aims at maximising the representation of
natural diversity, complemented by sympathetic habitat
management on other lands.

Conservation reserves

There were 506 conservation reserves in Queensland at March
1987 - 312 national parks, 144 environmental parks, and 50
departmental and official purposes, scientific, and fauna
reserves. These cover about 3.5 million hectares, or just
over 2% of the state. However one - seventh of this area is
taken up by one national park - Simpson Desert.

Only 90 of these 506 reserves are greater than 1000 hectares,
while 222 are smaller than 100 ha. When the spatial
requirements of viable fauna populations, management, and
buffering from external influences are considered, 1000 ha is
not a large area for species conservation. Island
biogeography theory suggests that in the long term, small
reserves prove unstable, and through extinction lose many of
the species they were set up to conserve (Harris, 1986).

Statewide, only 55% of the natural vegetation communities are
represented to some degree in a conservation reserve. Two of
the biogeographic regions have none of their communities
conserved, while another 6 have less than 50% represented.
The central and western regions of the state have the lowest
representation of communities in conservation reserves.

The conservation role of national parks and similar reserves
is paramount. They also protect areas of high scenic,'
historic and archeological value, and are "living
laboratories" for education and scientific research. They
conserve a pool of genetic material of potential benefit to
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mankind, and are benchmark areas against which to assess
changes brought about by changing land use. Parks are
economically important in providing opportunities for nature -
based recreation and, increasingly, internal and
international tourism.

The other 98% of Queensland

Adequate conservation of the state's wildlife, especially
fauna, cannot be achieved through conservation reserves
alone. It is clearly impractical to reserve, let alone
manage, all areas of land that con ri ute to wildlife
conservation. It can only be achieved through the integration
of wi dlife conservation practices into all forms of land
management.

The majority of land in Queensland (about 73%) is under some
form of Crown leasehold tenure. Most is held as large
pastoral leases, primarily in inland areas. About 22% is
freehold land, or land in the process of alienation, the
greater part of which is down the eastern coastal strip.
These lands are of most interest to the Service for
integrating nature conservation thinking and practices into
everyday land development and management. This includes land
controlled by government departments and local authorities.

The role of the National Parks and Wildlife Service outside
conservation reserves may be questioned. However the Service
has the responsibility for the protection of wildlife across
the state, regardless of land tenure, under the Fauna
Conservation Act 1972 -85 and the Native Plants Protection Act
1930. This is achieved through two broad strategies: -
(a) management of exploitation of the stäte's_fauna, e.g.

- permanent protection, such as koala and platypus;
- controlling taking and keeping fauna, especially
avifauna and reptiles;

- declaring open seasons for taking some species of
macropods and waterfowl.

(b) encoura in land managers to conserve habitat as part of
their management practices.

In the second strategy, the rural nature conservation
program, the Service is not attempting to inhibit production,
nor to set up quasi national parks on private land. The
program is an adjunct to, not a replacement for, the long-
term Service objective of acquiring representative samples of
the state's natural diversity.

The rural nature conservation program

The rural nature conservation program is a cooperative
project of the-rural commuñity and QNPWS, with input from
interested landholders, producer organisations, local
authorities and other government departments. It draws on the
knowledge and practical experience of landholders, and the
expertise of Service staff, to develop appropriate practices
for integrating nature conservation with rural production.
The program is wholly voluntary, with no legislative or
financial incentives.
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The program started with a pilot project on the Darling
Downs. Many landholders were aware of significant changes to
the area's natural values that had occured over more than
100 years of farming, and were willing to act to reverse any
declines. The Service had gathered considerable information
on the native plant and animal communities of the Downs.

A number of landholders had included nature conservation
practices in their property management for years, sometimes
in the face of scepticism from locals and government
advisors. The Service arranged field days on such properties
in the Goondiwindi, Millmerran, Proston, and Condamine areas,
and many landholders have been shown that primary production
and nature conservation can be integrated successfully. Now
that the pilot project is running satisfactorily, further
projects are being introduced to other areas. These will
reflect the primary production activities and natural values
of each area.

Service staff have also given advice on practical nature
conservation measures to many property owners throughout the
state. Resource surveys are being undertaken to develop a
regional framework for nature conservation. These are
identifying areas of conservation significance, wildlife
habitats and corridors, rare species, and locally declining
populations. This information will permit coordination of
rural nature conservation efforts with conservation reserves
in each region.

The growing interest in wildlife conservation among
landholders has increased requests for means of long -term
protection of natural areas on their land. They are concerned
that, when they retire or sell, the good work put in over
many years could be destroyed in hours by an unsympathetic
new owner with a bulldozer. While some avenues are available
under existing legislation, proposed legislative changes will
expand the scope and flexibility of protective measures.

Existing legislation

Under the Fauna Conservation Act, landholders can request
that all or part of their properties be declared a fauna
sanctuary or fauna refuge. These can be declared over any
land tenure, and remain in force until rescinded by Order in
Council. They are neither a tenure nor a covenant registered
on title.

Sanctuaries protect fauna only, not their habitats., and as
such are of limited value to long -term wildlife conservation.
They are valuable as a public affirmation of interest in
fauna conservation, and as areas where open season fauna
(kangaroos, ducks and quail) cannot be hunted. There are more
than 1350 sanctuaries covering about 11 million hectares,
including whole shires and towns as well as properties.

'Refuges protect both fauna and habitat. Refuge declaration
had been used principally to protect specific rare species,
such as the bridled nail -tail wallaby and the Proserpine rock
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wallaby. Broader application has been limited by the relative
inflexibility of constraints placed on use of the refuge for
purposes other than nature conservation, such as grazing.
These will be relaxed by amendments to the Act which should
go before the autumn sitting of the House. Other shortcomings
include a requirement for the refuge to be placed under the
control of a state or local government trustee, and the
absence of any power for the Service to enter a binding
agreement to undertake works or provide assistance to
participating landholders.

Proposed legislation

P - - - chanes aim to introduce a system of
voluntary conservation agreements which run with the title or
lease. Agreement systems are in place or proposed in several
states, and the operation of these has been examined closely.
The South Australian and Victorian approaches are considered
inappropriate, as they are based on legislative restrictions
on land use. The New South Wales scheme, recently enacted,
has been used as the model for a Queensland system.

The agreement system envisaged is designed to be very
flexible, with scope for differing levels of commitment from
landholders, and for continuation of agreed property
management practices. As in NSW, the agreement would be a
written contract between the landholder and the Service,
running with title and binding successors. The agreement
would incorporate both positive and negative requirements on
the landholder, and bind the Service to doing or providing
agreed things. As a minimum, the Service would provide advice
on wildlife and habitat management of the agreement area.

There will be scope for financial assistance to participating
landholders, possibly as rate or land tax rébates, or
directly through supply of fencing materials, pest or weed
control etc. The extent of any assistance would be
commensurate with the conservation value of the agreement
area, and the level of commitment of the landholder.

A Green Paper on this proposed legislation is in preparation.
Following Cabinet approval, it will be released for public
comment.
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AN ECONOMIC STUDY OF COOLIBAH (Eucalyptus microtheca) AND
BLACK BOX (E. largiflorens) REGROWTH ON THE BARWON RIVER
FLOODPLAIN

M.B. Clarke
Western Lands Commission, Box 4351, G.P.O. Sydney, 2001.

Abstract

This study assesses the economic consequences of coolibah
and black box regrowth in the north - eastern corner of the
Western Division of NSW. Production parameters were
surveyed on regrowth affected properties (ay. regrowth
level 661.) and non -regrowth affected properties (ay.
regrowth level 13'/.). Stocking rates declined from 1.6 to
0.9 dry sheep equivalents (DSE), wool cuts from 6.1kg to
5.3kg and lamb weaning percentages from 901. to 731.. Gross
margins were calculated with non- regrowth sites averaging
$29.87/ha while regrowth areas only achieved $13.55/ha.
Additional production costs were $0.50 /ha and land values
were to fall by $99 /ha. In the short term these losses may
be imperceptable but in the long term viability maybe
effected.

Introduction

Regrowth occurs on areas where natural stands of trees have
been treated (ring- barked, poisoned etc.) but later re-
established as saplings or suckers or, alternatively, on
open areas which have experienced encroachment by saplings.
A property with 20 or less regrowth is regarded as regrowth
free.

Significant changes in carrying capacity have been recorded
from government records. A typical change in property
description has been "open mitchell grass plains, scattered
coolibah" (1 sheep to iha) to "dense stands of coolibah" (1
sheep to 4 ha) .

The cause of the regrowth was not addressed, however it
appeared that factors contributing to its proliferation
were uncovered.

Environmental; incidence of flooding, fire control,
natural tree cover removal and possibly rabbit control.
The most important environmental factor is flooding.
Floodwaters are thought to carry seeds and deposit
them on the floodplain and this inundation breaks the
seed's dormancy.

Economic; property size and leasehold tenure. Small
farm size limits income and funds to maintain carrying
capacity. Leasehold tenure may limit ' regrowth
treatment via cropping restrictions, tenure insecurity
(perceived or real), previous price control policy and
restrictions on borrowing funds.
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Study area

The 1.5M /ha Barwon River floodplain lies between Walgett
and Brewarrina in the north eastern corner of the Western
Division (Fig.1).
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Fig. 1. The Barwon River Floodplain

A flood occurs on average every five years, the last in
1983. Rainfall is approximately 450mm, of which 60: is
summer dominant. Soils are fertile cracking and non-
cracking clays and are not subject to erosion. The
floodplain is level with small elevated areas, its
vegetation is dense to moderately dense coolibah, black
box, and other species.

Survey Design and Method

Similar properties were selected with and without regrowth.
Data was collected by face to face survey and came from
pastoralists anecdotes as station records were generally
unavailable.

Precautions were taken to overcome confounding factors: a
relatively large sample was taken (to account for variation
in management and size economies); data collected over many
years was not used (to negate technological change,
seasonal variation and closer settlement); consistency in
blood line precluded genetic influence on wool cuts; local
environment variation was accounted for with SCS's Land
Systems Maps; and the survey questionnaire was designed to
minimise pastoralists individual perspectives.
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Results and Discussion

Each production parameter was lower on regrowth properties.
as were gross margins (Table 1).

Table 1. Summary of survey results and analysis

Factor Property:
Non- regrowth Regrowth

Regrowth on property (7.) 13 66

Production parameters:
stocking rate (DSE /ha) 1.6 0.9
wool cut (kg /ewe) 6.1 5.3
lamb weaning (%) 90 73
adult mortality ('h) 3.0 5.0
joining percentage 2.0 2.2

Production costs ($ /ha)* 0.20 0.70

Gross margins ($ /ha) 29.87 13.55

Land Value ($ /ha) 143 54

*Production cost is that of mustering a 400 /ha paddock 5
times a year assuming an $8 and $2.13 an
motorcycle charge (Burgess 1987).
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Figures 2 and 3 show that regrowth decreased carrying
capacity and wool cut per ewe. Fewer lambs were weaned on
regrowth sites, it was observed that protection provided
for feral animals would influence this weaning percentage
(fig . 4) . Furthermore, the extent of the difference was
masked by pastoralists moving lambing ewes from regrowth
wherever possible. Lambs weaned on regrowth sites are
lighter and less appealing when sold. Joining percentages
are higher as paddocks are larger and mobs tend to disperse
but conception rates are lower, i.e. less chance of rams
finding ewes during oestrus. Adult mortality is higher due
to reduced supervision ability, incomplete mustering, and
increased feral animal attack.

Other less quantifiable effects of regrowth included the
reduced potential for intensive paddock management,
internal sub -division, rotational grazing and paddock
spelling, also insufficient fodder to take advantage of
opportunity grazing and "spillover" effects from neighbours
(feral animals, pests and regrowth seeds).

The difference in production costs between a regrowth and a
non- regrowth site (table 1) is $0.50 ha.

Gross margins establish the value of an agricultural
enterprise but not its profit as overhead expences are not
included. NSW Dept. of Agriculture standard gross margins
for a self replacing merino flock were reproduced using
data from each survey response (fig.5). The average gross
margin per hectare for non- regrowth was $29.87, while for
regrowth it was only $13.55. Thus the gross margin per
hectare difference was $16.32.

It was found that regrowth decreased land values. Assuming
adequate fencing and watering, dense regrowth country is
valued around $65 a dry sheep area or $54 per hectare, non -
regrowth is valued at $100 a dry sheep area or $143 per
hectare. Land value difference is $89 per hectare. (Austin
Jupp Valuer Generals Dept. pers. comm.,1987)

Regrowth is part of the natural regeneration cycle and, as
such, total elimination is not a desirable goal. Some sites
where regrowth is present may have some valu for
recreation and long term conservation.

Conclusions

The effects of regrowth on the pastoral environment may
increase imperceptively, but in the long term it erodes
income. Pastoralists and government agencies need to be
aware of the potential losses involved.



78.

GOOD LAND MANAGEMENT IS PROFITABLE

D.R. Fitzgerald ( Nambi Station via Lenora, WA, 6438) and D.G.
Burnside (WA Dept. Agric., Kalgoorlie, 6430).

It appears to be accepted in some quarters that the pastoral
industry pursues maximum financial gain to the detriment of
good land management. The suggested strategies in that case
are that land managers will attempt to run as many animals as
possible and that investment in infrastructure will only be
considered if it is of immediate value to animal husbandry.
Certainly, the assumption is made that there is no value in
investing to solve land management problems. These strategies
are irrational. Wilson et al 1984) have shown that maximum
profit occurs at a lower stocking rate than that which will
produce the maximum physical product. Put into practical
terms, if the grazing pressure is well within the capacity of
the pasture, then the enterprise will be operating in the area
that will give the best financial result. The belief that
investment in infrastructure for good land management is not
profitable can also be shown to be misguided. The title of
our paper makes a sweeping statement, but, rather than talk in
generalities, we will support the statement by refering to two
specific examples where an investment aimed at solving a land
management problem wll yield both short and long term
financial benefits to the pastoral enterprise.

Introduction
Nambi Station (294000 hectares) has been running sheep for
about 60 years. Experience has established that the station
will support around 12000 to 13000 sheep under normal
conditions. In dry conditions, numbers are decreased to around
10000, and in exceptional seasons it is possible to shear over
14000. Nambi Station has pasture types typical of the arid
mulga woodlands as described by Morrissey (1984). These range
from totally unproductive spinifex pastures to very productive
saltbush- bluebush pastures adjacent to Lake Irwin which lies
within the property. Early development for sheep grazing did
not consider the diverse nature of the pastures or the complex
mosaic of the land systems. As a consequence, many paddocks
contain several pasture types. in order to better describe
the pasture resources, the useless spinifex pastures were
"mapped out" of the station in the early 1970's to give
figures for useful hectares of grazing land. Grazing use is
determined by calculating the number of "sheep grazing days
per annum" and then converting this to a sheep stocking rate
in terms of hectares per sheep.

In 1976, a network of photographic monitoring sites was
located in the more valuable pasture types. These sites, which
were among the earliest located in the Western Australian
pastoral country have been reassesed in 1979/80, 1982 and
1986. The data on the performance of the desirable perennial
shrubs can be related to seasonal conditions and stocking
rates.
Good grazing management requires this information on good
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grazing use and vegetation change. With this valuable
historical information, we can be much more confident in the
future, and most importantly be able to recognize if
undesirable changes begin to occur. In this paper, we will
describe how the recognition of a problem in Nyallgarrah
paddock has led to a management change that will both improve
the pastures and be profitable.

The Nyallgarrah Paddock Story
In common with other paddocks, Nyallgarrah (see figure 1)
contains the whole range of pasture types, including lake
saltbush pastures, moderatly productive granitic shrublands
and mulga tussock ( "wandarrie ") grasslands to valueless
spinifex sandplain.

FIGURE 1
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The paddock has been used for many years, and no matter how
many sheep are put into a paddock, most of the grazing is done
in 1000 hectares of lake country in the south west corner.
This heavy use Las led to removal of bladder saltbush,
Frankenia, Rhagodias, silver saltbush and other useful plants.
This is worrying, as the lake country is the most important
resource on Nambi. However, the situation is recoverable.
Soil condition is good, with little erosion and annual and
biennial fodder production is still high. A period of rest,
followed by a careful grazing was prescribed. The total area
of the paddock is 14958 ha. Of this, only 9514 ha is useful;
the remainder is spinifex sandplain. Based on useful
hectares, the aveiige stocking rate in recent years has been
17.5 ha /sheep, or 542 sheep.
Based on the paddock as a whole, this is a conservative
overall stocking history, and is about the level that should
apply in the granite wandarrie /watercourse area alone.
Unfortunately, however, the sheep have always overused the
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lake pastures in the southwest corner of the paddock and
underused the other pastures in the centre and west of the
paddock. Based on mustering information and other experiences,
it can be estimated that about 70% of the sheep grazing time
has been spent in the southwest corner. That has a dramatic
effect on the stocking rate as can be shown below.

70 percent of sheep (380 ) in 957 ha (lake country).
Effective stocking rate in lake pastures is 2.5 ha /sheep.

30 percent of sheep (160 sheep) in 8557 ha (non -lake useful
pasture). Effective stocking rate in wandarrie /granite areas
is 53.5 ha /sheep.

Obviously, the decline in the condition of the lake pastures
in the southwest corner of the paddock is attributable to the
uneven distribution of the sheep in the paddock anc the
consequent heavy stocking rate in the lake pasture.

The alternatives for the future use of the paddock were:

- Further use of the whole paddock at a stocking rate of a

sheep to 17.5 hectares on average will continue to see
excessive grazing pressure on the lake pastures. This will
mean further pasture degradation which will have an impact on
sheep productivity. To regulate the stocking rate according
to the need to protect the whole lake pastures would imply
running about 150 sheep in the whole paddock, knowing that
about 100 of them would be in the lake country all the time.
This tactic would waste the other pasture resources in the
paddock.

- Instead of continuing with the status quo, in 1986 8.5 km
of four line sheep proof suspension fence was erected from
Freddies Mill and enclosing all of the south west corner
containing the lake country. This new paddock is called
Freddies Paddock. The remainder of the paddock (still called
Nyallgarrah) contains virtually all of the useful tussock
grass, watercourse and granite pastures. The cost of the fence
was $5000, including materialsd and construction.

The Consequences

- for the paddock?
The paddock subdivision will undoubtably result in an
improvement in the condition of the lake country in Freddies
Paddock. A long period of rest, combined with reseeding of
bladder saltbush seed (Atriplex vesicaria), and then folowed
by careful use at times when thé shrubs aren't subject to
grazing will result in vegetation recovery. Monitoring sites
have been installed to measure the improvement. Monitoring
site information and paddock stocking history from similar
paddocks suggest that the paddock should be able to support a
level of use of about 10 hectares per sheep once the process
of recovery has begun.
- for the sheep?
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At a stocking rate of 17.5 ha /sheep in Nyallgarrah and 10
ha /sheep in Freddies, the area will support about 10% more
sheep than during the past 12 years, with more even pasture
use. Prior to subdivision, sheep remained in the lake
country, regardless of whether there was feed or not. At
times, nutrition was definitely limiting. While they were
doing this ythey were ignoring the good condition and the
useful pastures on the granites east of Helen's mill. After
subdivision, the sheep will make better use of these pastures
at a modest stocking rate and will do well. The eventual
improvement of the lake country in Freddies paddock will lift
sheep production from that area.

- for the finances?
How will the $5000 investment in the new fence be recovered?
The extra sheep will be carried in the long term, and the
certain improvement in per animal performance will justify the
investment. At current wool prices, and given an extra 55
sheep to be carried, and assuming a 5% gain in the
productivity of all sheep maintained in the two paddocks,
there will be a net contribution to station return of $1400.
This needs to be offset on the loss of investment income on
fence costs ($600) and the annual maintainance /depreciation
value to be put on the new fence ($100). The taxation
concessions available for land management measures will reduce
the impact of the initial cost.

In summary, this investment in a measure designed to improve
the condition of the pastures will have a small but favourable
impact on station finances. Encouraged by this development, it
is now proposed to subdivide, along pasture type boundaries,
another large paddock vital to the Nambi ewe flock. This
development, to be completed in 1988,. will yield substantially
greater benefits for the pastures and financial returns than
those described above.

Conclusions
Morrissey (1984) referred to the desirability of arranging
fencing so that each paddock contains one environmental type
which can then be managed according to its needs. However,
this has rarely been achieved in the past. Modest,
cost -effective fencing combined with better information on
pasture needs and performance should encourage pastoralists to
contemplate such developemnts. As this simple exercise in
Nyallgarrah Paddock has shown, developments of this nature can
be rewarding financially and ecologically.
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ECONOMIC EXPLANATIONS OF PASTORAL STOCKING RATES

W.E.Holmes
Senior Agricultural Economist
D.P.I., Townsville, Qld

1. Generalisations

Two interrelated questions must be answered when determining an optimum
grazing pressure for rangeland pastures. These questions are:

(a) What level of profit (gross margin) can be expected within the
production period for a range of grazing intensities?

(b) What effect will different grazing intensities or strategies
have upon future land and pasture productivity?

An optimum land use program can be arrived at only after taking account
of changes to land productivity which occur as a consequence of
management. In other words, the economic product of a stocking rate
treatment will be the sum of the profit derived during the production
period, and the discounted (present) value of increased or diminished
productivity in the years beyond the production period.

Optimum stocking levels or practices will thus depend only in part upon
relative profitability during the production period. The remaining part
of the equation is the value or cost of change in range condition. The
economic value of range condition is net present value of future
productivity, relative to some benchmark of range condition.

Net present value requires the assumption of a discount rate, the
selection of which will alter the relative importance of present and
future profitability in determining most profitable land use. The
assumption of low or zero discount rates will lead to the selection of
conservative stocking policies, whilst the use of high discount rates
will lead to the selection of exploitive policies.

The results of any "present plus future" analysis of stocking policies
will differ according to whose standpoint they are being assessed from.
An assessment done from a "social" (national) standpoint would no doubt
include aesthetic and conservation values in the analysis as well as the
more traditional production values. In addition, it is generally assumed
that society should have a greater concern for the future than that shown
by its members, and that therefore society should have a lower discount
rate. The combination of a wider definition of land use consequences and
a lower discount rate should mean that society's choice of optimum land
use is somewhat less exploitive than that which is economically optimum
for individuals.

This is not to say that graziers will necessarily pursue exploitive land
use policies. In my experience, many and perhaps most landholders (at
least those who can afford it) have their own conservation ethic, their
own concern for the future, and their own ideas for "looking after the
country ".
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Exploitive practices may occur where stocking policies are followed in
ignorance of what they might lead to, where economic pressure or the
acquisitive urge causes the adoption of high discount rates and the
temporary or indefinite abandonment of all non -cash considerations, or
where an individual simply does not place any value on such non -cash
considerations anyway. Expressed differently, some people derive
satisfaction from "looking after the country"; others would like to do it
but can't afford it yet; and some need an economic inducement to do so.

2. Optimum long term stocking rates when land condition is ignored

A simple production function approach can be used to analyse stocking
rate decisions, provided changes in land condition can be ignored. A
comprehensive treatment of production function theory may be found in
Heady (1952).

The underlying assumption of such an approach is that as more stock are
put to graze on a given area of land, competition among animals
eventually causes per head production to decline as more and more animals
are put on the pasture. Competition is for quality of diet as well as
quantity. Productivity declines may manifest themselves as lower breeding
percentages, lower animal growth rates, higher mortalities, and (for
sheep) lower wool production. In addition, some other economic penalties
are incurred by heavier stocking, such as poorer sale prices for inferior
livestock or those necessarily sold at an inopportune time, and lost
opportunities due to lack of managerial flexibility.

Despite the onset of declining per animal productivity, as even more
animals are added to the pasture, total production per unit area will at
first continue to increase although at a diminishing rate. Eventually
however a point is reached where total production per unit area must go
down if further animals are added to the system.

The economic question is how far do we go? Clearly, while ever return per
animal is unaffected by heavier stocking we should be putting more on.
Conversely, once total production per area has peaked it will be
counterproductive to put more animals on. For some scientists this
becomes an argument over whether they should be seeking to maximise the
value of production per animal or the value of production per area of
land. Neither of these extreme solutions has any rational basis. If the
objective is to maximise profitability, the profit maximising solution
will actually lie betwen these extremes. Specifically, we can say that we
have gone far enough when an extra animal added to the system adds just
enough to the total value of production to cover the extra costs which
that animal brings with it. On the practical level we can note that this
point may be ill defined and that near maximum profitability may occur
over a comfortably wide range of stocking rates.

On this analysis, a stocking rate which maximises the value of production
per head could be optimum only if per animal direct costs were so high as
to ensure zero gross margins; and a stocking rate which maximises the
value of production per unit area could only be optimum if variable costs
were zero. These so called direct costs include things like shearing and
crutching, feedstuffs, chemicals, and the cost of having capital tied up
in livestock. The test of what costs to include is to ask the question
"will one more animal bring with it one more'unit of cost ?"
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A more sophisticated framework for assessing stocking rates is offered by
McArthur and Dillon (1971), who cite evidence that farmers (graziers)
seek to maximise "utility" rather than expected profit. These authors
incorporate both profit and risk considerations into a utility function,
and then show how "utility maximising" stocking rates differ from "profit
maximising" stocking rates. If a grazier is indifferent to risk, his
stocking rate will be the same whether he seeks to maximise utility or
profit. If he is averse to risk, his utility maximising stocking rate
will fall somewhere short of the profit maximising stocking rate, and the
more averse he is to risk the lower will be his stocking rate.

An extension of the risk preference factor as an influence on stocking
rates concerns the stocking rate response of graziers to the onset of
economic or financial pressure. If risk preference is ignored, it can be
shown that lower product prices or higher direct costs should lead to
optimum stocking rates being lower. Observation and anecdotal evidence
however suggests the reverse, with depressed economic conditions leading
to heavier stocking rates and more exploitive practices generally. At
least part of the explanation for this may be that lower incomes require
graziers to take greater risks, and hence their stocking rates move up
closer to the supposed economic optimum. Thus a lower economic optimum
stocking rate (in response to lower prices or higher costs) may still be
rationally consistent with increased actual stocking rates (provided this
actual does not exceed the economic optimum).

Graziers also may stock more heavily in depressed times simply because
the unused potential was there all the time, and they had hitherto only
worked hard enough and stocked heavily enough to satisfy their needs as
they saw them.

Another explanation for heavier stocking in response to economic pressure
is that a grazier has been infected with "the fallacy of numbers ". He may
already be at or beyond his economic optimum stocking rate, but does not
recognise it and believes that more stock must mean more income.

3. The relationship between stock prices and short term stocking rates

The maintenance of stock numbers into a drought, or the buildup of stock
numbers in the face of depressed prices, may be described as
"speculative" holding of livestock. A very important component of the
profit equation on livestock is anticipated change in value of the stock
themselves. There are times when this component outweighs all other
productivity considerations in the stocking rate decision. Were it not
for this consideration, less stock would be held through droughts.

"Speculative holding" of stock was particularly conspicuous in pastoral
Queensland (and probably elsewhere) during the beef recession of 1974 to
1978. Beef producers generally attempted to hold back at least part of
their normal turnoff in anticipation of an eventual market recovery. The
potential productivity gains from conservative stocking during this
period were overwhelmingly outweighed by the potential benefits from
carrying as many cattle as possible into the hoped for, recovery period.
If guidelines could have been set in advance for this "venture" they
would have entailed setting stocking rates so as to maximise the number
of cattle on hand when the market recovered.
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4. Land degradation considerations in stocking rate decisions

From an economic viewpoint, the real cost of land degradation is the
present value of lost future productivity. If we wish, productivity may
be defined to include benefits from the land other than pastoral
productivity.

Consideration of longer term consequences of stocking rate decisions is
especially necessary in arid and semi -arid rangelands, since land
degradation resulting from these decisions may be irreversible, at least
in an economic sense.

Within this framework for assessing stocking rates, an individual's
discount rate will influence stocking rate behaviour. Graziers' discount
rates will vary among individuals, meaning that some people will be
inherently more likely than others to exploit the present at the expense
of the future. Furthermore, individuals' discount rates will vary with
the circumstances in which they find themselves. Indebtedness, reduced
income relative to "need", and general uncertainty about the future are
all conducive to a disregard for all but the near future.

Furthermore, appropriate discount rates for society as a whole may not be
the same as those which individuals consider appropriate for themselves.
This allows for the selection of different "optimum" stocking rate
policies depending on whether we are considering the options from
society's viewpoint or from any one of a number of individual viewpoints.

5. Summary

This paper has canvassed some of the economic issues in stocking rate
determination, and is based on existing theory plus observation. Its
intention is to put an economic framework around the debate on stocking
rates.

Conventional production function theory is for the most part adequate for
looking at pastoral stocking rates, so long as "speculative" stock
holding and risk are considered, and so long as the future productivity
consequences of today's stocking decisions are taken into account.

It has been argued that the same productivity data can produce a range of
answers as to what is "best ", depending on the assumptions that are made
about graziers' attitudes to risk and on the relative importance that is
attached to present and future outcomes (i.e. the discount rate).

Finally, the point has been made that stocking policies which are optimum
for individuals may not be optimum for society. This divergence can come
about either through society having a broader view of "productivity" or
through society attaching a heavier weighting to future productivity.
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Simulation based analysis of income and risk under varying
levels of pasture utilization

1leppem and P. W. Johnston, Charlevílle Pastoral Laboratory,
P.O. Bor 282, Charlevllle. Q. 4470.

Background

This study examines the relationship between stocking rates and variation in
production over time in the eastern mulga region of western Queensland.
Through stocking rate decisions a grazier might be expected to trade off
risk and expected production. This trade off is most apparent in the arid
and semi -arid areas of Australia because of the vagaries of seasonal
conditions. Young (1980) in a study of arid land administration stresses
the need for informed decision making in these fragile environments.
Appropriate management of these rangelands is required to strike a balance
between animal production in the current period and the effect this has on
the future productivity of land.

A decision on stocking rates will depend on how heavily a grazier discounts
the future productivity of the country. Work by McArthur and Dillon (1971),
Copeland and Weston (1979) suggest graziers attempt to optimize utility
rather than expected profit. That is graziers attempt to operate at a

stocking rate where they feel the risks are acceptable.

o

Figure 1

Risk Efficiency

Frontier

Income

To describe this situation
diagramatically risk and income
are plotted against one another.
The plotted points are typically
bounded by a curve, called the
risk efficiency frontier, as
shown in figure 1, (Copeland et
al 1979).
This curve separates production
possibilities which are feasible
in terms of risk and income, from
those which are not. Points to
the right of the frontier
represents income higher than is
possible given the technology
available to the industry.

Graziers often operate in an environment where stocking rate decisions are
made without taking into consideration the long -term consequences of those
decisions.

A number of authors have suggested that graziers may take action to adjust
their risk levels. In their review, Newbery and Stiglitz (1982) discussed
ways in which graziers may share and reduce risk. Ways of reducing risk
include varying production techniques and diversifying output. Anderson and
Griffiths (1981) examined the relationship between production variability
and levels of related inputs. Increased stocking rates were found to be
associated with high levels of income variability, while labour, stock
watering facilities and fencing mitigate such variability. However no
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account was taken of the long term effect on pasture production of varying
stocking rates.

Previous attempts have been made to estimate suitable stocking levels for a
given pasture. Important contributions have been made by Chisholm (1965),
Byrne (1965) and Scattini and Powell (1982) analysing grazing trial data
under conditions of varying carrying capacity. Heady and Dillon (1961) in
their study on production functions for grazing initiated much of the work
on defining climatic indices for pasture growth.

In this study long term climatic data was used to simulate native pasture
growth in the eastern mulga zone of western Queensland. A dynamic flock
model examined the impact different stocking rates have on variation of
pasture and economic productivity.

Method

The forage model 'GRASP' developed for beef production on native pastures in
south east Queensland (McKeon et al 1982) and adapted to western Queensland
(Johnston and Carter 1986) was used. The model includes a three layer soil
water balance 'WATSUP' (Rickert and McKeon 1982) and a dynamic cover term to
partition soil evaporation and transpiration. Climatic inputs are daily
rainfall, pan evaporation and maximum and minimum temperatures. Plant
growth is determined by the transpiration efficiency of the pasture and the
potential regrowth. Growth is calculated daily using actual transpiration
(mm /day) with a temperature restriction. Dry matter produced is partitioned
into green and dead pools which are removed via detachment, trampling and
grazing.

The available dry matter determines the number of sheep in the dynamic flock
model for a chosen level of pasture utilization. Each autumn stock numbers
are adjusted to achieve the desired level of utilization of the pasture.
The stocking rate influences pasture growth as animals remove material from
the green pool. This reduces the green cover and transpiration, thereby
reducing pasture growth. A gross margin accounts for wool returns, stock
trading and associated variable costs.

Long term simulations (94 years) using Charleville climatic data were
performed for a range of pasture utilization rates (20Z to 80Z) that is,
stocking with sufficient sheep to consume a set portion of the pasture
available at the end of summer. The long term mean and standard deviation
of the gross margin per hectare were expressed as indices for each
utilization level. An income index was used to represent gross margin and
was expressed as follows:

Income index = observed gross margin /maximum observed gross margin.

The risk index used the standard deviation (SD) of the gross margin as
follows:
Risk index = observed SD /maximum observed SD.
A third index, one for pasture condition was expressed as follows:
Pasture index = observed annual dry matter /maximum annual dry matter.

Results

A higher income index was associated with a high risk index as shown in
Figure 2. The risk index increased with the level of pasture utilisation as
indicated in Figure 3.
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Associated with greater levels of utilisation was a lower pasture index as
shown in Figure 4. A higher income index lead to a declining pasture index
as represented in Figure 5.

Gross margins were comparable to those observed by Holmes (1986) in actual
grazing situations and pasture yields agreed with field observations
(Johnston and Carter 1986).

Discussion

This study highlighted the higher risks, both in terms of income and
stability of pasture, associated with higher levels of pasture utilisation.
Conservative stocking reduced the variability in income and pasture
productivity. This is supported by Beale (1985) where 20% use of pasture
gave lower variations in numbers of animals grazed, increased pasture
yields, improved pasture composition and maintained ground cover at around
2% basal area needed for stability in pasture.

Producers may wish to stock at a level where long term income and the risk
associated with that income are acceptable. Risk attitudes of Australian
agricultural producers vary but they are generally risk averse, (Bond and
Wonder 1980, Quiggin 1981) suggesting producers would prefer a more stable
income to a higher but fluctuating income.
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TREES IN RANGELANDS: PROSPECTS AND POTENTIALS

P.A. Ryan and P.J. Voller

Forest Research Centre
Fraser Rd., M/S 483
GYMPIE QLD 4570

Introduction

Trees traditionally have been regarded as a hindrance to agricultural
and pastoral productivity in Australia and a general attitude has
existed that land development required broadscale clearing of trees.
Much of the land cleared for agricultural and pastoral production
(including rangelands) has become degraded and excessive removal of tree
cover is recognised now as a major cause.

Many landholders, who are good land managers, recognise the need for
better planning in the use of land resources and for more careful
management. This is demonstrated by the support for the concept of land
care by such groups as the Queensland Cattleman's Union. The concept
is very positive and trees have a positive and beneficial role to play
in its implementation. However, this can be achieved only if better
information (including information on trees) is available to planners
and managers.

This paper outlines briefly some of the roles that trees may play in the
management of rangelands and the selection of appropriate species and
suggests avenues where further research is required.

Benefits of trees in- rangelands

The productivity of both pastures and animals falls as levels of stress
increase.

Pastures are stressed by tE.mperature extremes and inadequate moisture
supply by the soil relative to the demand by the plant. Temperature
extremes can be ameliorated by tree cover. High temperatures during
the day may be reduced through the interception of solar radiation by
tree crowns. This process works in reverse by night so that heat loss
from the pasture surface is reduced thus lessening the incidence and
severity of frost. The level of radiation intercepted is affected by
the number of trees and the density of the crowns; both these variables
can be manipulated to provide the desired effects without undue shading
of pasture.

Trees do not increase the amount of water available in the soil and use
some of the available soil moisture. However, the demand for water by
pasture can be reduced substantially by the intelligent use of trees,



particularly if species are used which are deep rooted and use water
from .the deeper parts of the soil. There are two ways in which trees
may modify the climate to reduce the water requirements of pasture.
Firstly, wind speeds may be reduced dramatically thus reducing the
amount of water lost by evaporation. Secondly, by reducing high
temperature levels through shading, pasture plants make more effective
use of the water they transpire.

Temperature extremes also affect the productivity of grazing animals.
Reproductive capacity, birth weight, feed conversion efficiency and
grazing times of sheep and cattle are reduced by temperature stress.
Thus, the shade and shelter provided by trees can contribute directly
to gains in animal productivity.

Some tree species provide useful fodder. In many tropical and sub-
tropical parts of the world, fodder trees are used extensively particu-
larly during the dry season when grasses are unavailable or are rough
and unpalatable and may supply over half the yearly intake of total
digestible nutrients. Though Australian fodder trees have been identi-
fied, their use is limited largely to the provision of emergency feed in
times of drought. Inappropriate management of existing forests or
introductions of fodder plants without adequate screening have resulted
in serious problems of woody weed invasion and pasture degeneration in
the past.

Nevertheless the proper use of fodder trees for additional sources of
nutrients at strategic times and for sustenance in drought periods has
the potential to increase management flexibility. Careful evaluation of
potential fodder trees and development of management options for their
use are required.

Trees also play a positive role in maintaining or improving the produc-
tive capacity of land. Most of the soil nutrients and biological
activity are concentrated in the surface layers of the soil and any loss
of surface soil rapidly depletes productive capacity. Tree cover can
contribute to protecting the soil surface from erosion by reducing
raindrop impact and surface flows and by increasing infiltration.

In addition, trees cycle nutrients from deep in the soil profile to the
soil surface where they are accessible to shallow rooted plants. Some
trees (e.g. the casuarinas and acacias) have the capacity to fix
atmospheric nitrogen. Others, because of their mycorrhizal roots, have
the capacity to extract bound phosphorus converting it to an organic
form thus increasing the levels of available phosphorus.

While strategic use of trees has the potential to contribute greatly
to productivity and working environments, not all species are suited
for all applications in all situations. Points to keep in mind when
making decisions to retain or establish tree species for particular
objectives include:

- Do the trees have the right characteristics to achieve the
objectives successfully?

- Will they grow successfully in the soils and climate of the region?
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- What type of tree management is appropriate for the objective to
be achieved?

Finding and Matching Trees to Sites and Uses

There has been little in the way of good reliable information to guide
land managers, particularly in the drier zones of Australia, to enable
them to select appropriate species and to manage them for specific
purposes. This situation is now changing rapidly.

The Queensland Department of Forestry (QDF) and the CSIRO Division of
Forestry and Forest Products (DFFP) have established trial plantings of
an extensive range of Australian species in Queensland and overseas as
part of the forestry programme of the Australian Centre. for
International Agricultural Research (ACIAR). The trials aim to identify
the soil and climatic requirements for successfully growing these
species many of which originate from the tropical drylands. Biological
attributes such as weediness are being assessed and potential uses (e.g.
for fodder) are being studied. Many of the species in trial have the
capacity to fix nitrogen and studies are being undertaken to improve
this capacity.

A number of trials which have been established around Australia designed
to study tree /pasture systems in much greater detail than has been done
in the past.

The selection of trees for particular sites and for particular uses has
been limited by the need to conduct detailed trials of the type outlined
above over a wide range of sites. This necessity is now changing as
greater use is made of computers.

TREDAT, a computerised tree performance data bank developed jointly by
QDF and DFFP, is being used to store data from a wide range of
established tree plantings and trials. Data is stored on site
characteristics (e.g. climate and soils), the type of management used,
tree performance and uses. This information will enable more accurate
selection of species for particular sites and needs. Methods have been
developed also that enable more accurate prediction of the climatic
tolerances of particular tree species from relatively limited data.

While the availability, quantity and accuracy of information becoming
available to assist land managers in making the best use of trees on
their land is increasing rapidly, there are still some large gaps
requiring attention.

The gaps and how to fill them

There is a need to develop a more thorough understanding of the re-
lationships between trees, the environment, pasture production and
animal production. Until more information is available on these re-
lationships, it is impossible to evaluate accurately the costs and
benefits of including tree management in a pastoral system. However,
such studies are complex and require input from a range of disciplines.



More information on species suitability for particular climates and
soils is required. The most reliable information is developed from
properly designed research trials. Nevertheless, valuable information
can be gained from the tree planting efforts of individuals providing
that information is pooled in a centralised system such as TREDAT.

Finally, we need to know more about efficient tree establishment and
maintenance on pastoral lands. Large scale planting of seedlings is
generally beyond the time and resources available to landholders. In
some situations, fencing to protect natural regeneration from grazing
is sufficient. However where the landholder wishes to establish species
that do not occur naturally on his land or on areas where natural
regeneration is unlikely to occur, other methods are needed. Direct
seeding has proved successful but requires further development. Other
management variables affecting the success of establishment and early
growth need to be tested to develop efficient methods. These include
such things as weed control, water harvesting e.g. in pits or troughs,
the use of water holding gels and fertilisers. Again, useful informa-
tion can be gained from simple trials conducted by individuals.
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THE ROLE OF COMMONS IN THE WESTERN DIVISION OF NEW SOE.9T1-! WALES

WITH REFERENCE TO MEN I NDEE COMMON

GEOFF CULLENWARD Rangelands Management Inspector
GREG MORRIS Rangelands Liaison Officer

WESTERN LANDS COMMISSION
PO BOX 459
BROKEN HILL NSW 2880

This paper examines the traditional role of commons, what they
are cur T er rt l y used for and what demands are being placed upon
there. tiertindee Common is used as an example as it highlights a
wide range of issues which poses an immediate problem in deter
mining appropriate uses for common land.

Commons General

In the Western Division of NSW there are lb common which form
part of the Crown resource and which come under the jurisdiction
of the Western Lands Commission. The day to day management of
these areas is vested with appointed trustees being either local
government bodies or local citizens.

The traditional role of commons, as defined i. n the Commons_
Regulation Act 1898, is interpreted as meaning that a Commoner is
entitled to graze only as many stock as are needed to provide a
milk supply for the Commoner's family and for those horses that
are used in the Commoners' occupation. Departmental policy:

(Department of Lands, undated) specifically proscribed the fol-
lowing uses which it does NOT regard as genuine common usage:

1 _ the grazing of stock more than is sufficient to provide a
milk supply for the Commoner's family;

2. the grazing of stock to supplement rural incomes;

3. the gK azing of stock by local milk vendors;

4. the grazing of horses olherother than those used in connection
with the Commoners' calling;

5_ usage by pony clubs for grazing members' horses

b_ usage for recreational purposes by sporting organisations;

7_ retention of Common for future public needs;

8. any other purpose not 's t r i c t l y compatible with the tradi-
tional purpose of Commons_

Obviously the legislative definition framed in 1898 of what con-
stitutes legal common usage is not in line with the perceived
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role of commons in the 1980's, Currently the Commons Regulation
Act is being reviewed and we believe that it will, as well as
maintaining the traditional role of commons, reflect an increased
emphasis on recreational activities.

Men i nd ee Common

Menindee with a population of 500 is located 110 km south east or
Broken Hill on the banks of the Darling River.

The Menindee Common comprises an area of about 3,100 ha and i n --

c ludes lands marked for temporary common (gazetted 1870) , ex. t en .

sion tu temporary common (gazetted 180Á) and two additions
(gazetted 1934 and 1945) . An area reserved for regeneration
( gazetted 1972) , several travelling stock reserves and a camping
reserve although not part of the common in a formal sense because
of lack of fencing is used as common (approximately 600 ha).

The Physical Resource

The Common and its surrounds consist of four main land systems:

1. Alluvial plains consisting of the Darling River channel and
a broad higher level floodplain - narrow plains of compact
grey clay subject to periodic flooding, dense river red gum,
ar eas of dense l ignum, annual forbs in season

2. P? oodu lain with elevated sandy vises - elevated sandy rises
of deep soft red soils with texture contrast soils on
Blanks, isolated swampbox clumped to scattered prickly
wattle, black bluebush, copperburrs, annual saltbushes, bot-
tlewashers and annuals.

3. Lake country consisting of a dry lakebed and the lunettes
of Lake Menindee - small circular lakebed of cracking grey
clays, isolated swamp box around fringes, scattered black
bluebush, roly poly, annual grasses and forbs.

4. Sandplaïns with low aligned dunes - broad plains of loamy
red sands treeless dense black bluebush and areas of in
edible shrubs hopbush, turpentine, cassias, bottlewasher-s,
annual forbs and grasses.

Current Uses of the Common and its Surrounds

The current uses to which the Menindee Common and more gener -ally
the land which surrounds it include: grazing of Commoners' stock;
grazing of recreational horses; sand /loam extraction; horticul
turai activities including the growing of oranges, table grapes,
apricots, rock melons, potatoes, pumpkins, onions, peacharines,
strawber r ies; growing stock feed - lucerne, oats; fish farm;
yabbie farm; rubbish dumping.
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Land Use Demands

Over the past ten years there has been increased demand for com-
mon land primarily for horticultural developments. A total of 430
ha has been annexed for this purpose. Several new proposals also
exist which would involve the annexing of another 112 ha from the
Common. The Land Board of .1987 which enquired into the Menindee
Common recommended an investigation into part of the Common to.

determine if.; s suitability fot it rigatiorr and horticulture.

Economics

Currently 19 apparently commercially viable horticultural fa. ms
exist at Menindee. Al. l are on l_atid that has been excised from the
Common. Predominately they are located on the more fertile loamy
red sands land-system.

In the Central Darling Shire, the nominal gross money value of
return from horticultural production increased by 363% in the
seven years from 1979/80 to .1985/86 from 430 ha. In the saine
period, the increase in gross return. from the pastoral industries
was only 1357 from approximately 52,000 square km (ABARE data).
That is, nominal gross. value of horticultural production in-
creased by $1323 per hector. e whilst pastoral output gross returns
increased by $0.14 per hectare or by $139 per square kilometre.

Whilst this appears to be a convincing ar gument to encourage the
increase of the area of land used for horticultural production,
an external constraint exists. Lt is the fact that, given the ex-
isting storages on the tributaries of the Darling River there is
no further water available for irrigation. Apart from the diver
sion of the Clarence River (unlikely), the only apparent way of
increasing the amount of water available for further horticul-
tural development is to encourage existing licencees to adopt
more efficient irrigation systems and fat ming practices. This
sort of change is unlikely to happen on a voluntary basis_ Pei
haps the most appropriate method of inducing change is to
penalise water users with inefficient systems by scaling the an
nual cost of water according to the system used.

There are tiro spin-offs from efficient irrigation systems.
Firstly the prospect of soil salinity is lessened and, secondly
an increased number of horticultural farms and output are pos
sible_

It is the second point that is of interest here. This means more
cash inflow, into the district and more employment opportunitie
in a region that has a pt oblem in finding employment for many of
its town based residents.

Affect on Neighbouring Properties

The limited availability of land around Menindee is starting to
become a restriction on the future development of horticultural
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enterprises. The surroundino grazing land i= viewed as poten-
tially suitable land for horticultural r.rops. Indeed one cf tha
Land Board's cOnclusions after examininthr= Ilnindee Common was
th;,:t the Commission shollld "1.vestigate are-R.s suitable.for
-:tic n and horticultuye outside the Common.area". A couple of
developments point to possible future trends:

1. "Wirryilka Farm"

A mazing property 14 km to the north-w==-t of Menindee,
"Wirryi1ka" (4,700 ha) had a pOrtion of 1,300 ha aui
renHer=.d fy-,-.m the crazing lease and reissued under an
agricultural lease. This area is now being dveloped
py-oduce table grapes for the export market. Tr-, date 0 he
has been developed at a cost of E milli3-11 with eventually,
by 1993, 100 ha being planted.

"A7kpin"

"Appirt", a grazing proper-ty of 31,500 ha borders Menindee
Common to the south. The lessee applied to the Ccfr-,,Thission

and was granted a cultivation permit for an area rvf 314 ha
for the pur-pose of growing rockmelons and other crops. To
date minimal development has taken place.

1,=== important w-ith
changing emphasis toweYds tect.eational use. Commons around tot4ns
such as Menindee subiect to other 1-Ind it=re pressur=s =-uch as
urban development and intensi-ve agricultuye. This pressure i=
also placed on surrounding b:oad scale grazing leases. Public
land as a fesource is limited anrd is being vi=wed as inalien;kbl=
The cost of this inflexibility is real in terms of production and
employment opportunities. It is consideved a more flexibile ap-
proach Lo land u=e allocation would better serve the longer telm
needs of the comfflunity.

Refe-anca

Dei-isic,n of fl--1=, Local Land Board foy- the Admini=_trativ Fli=-
tIict of B;ok-0 Hill, Menindee 2 June 1927.

ARE Data for the --1-h;1 e of Central Darling 1979/f-110 to
1965/8 Z-i.
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NORTHERN TERRITORY FROM LANDSAT THEMATIC MAPPER DATA

B.T. Fitzpatrick (1), G.J.E. Hill (2) and G.D. Kelly (1)

(1)Sunmap Remote Sensing Centre

Department of Geographic Information

P.O. Box 40

WOOLLOONGABBA QLD 4102

ABSTRACT

(2) Department of Geographical Sciences

University of Queensland

ST LUCIA QLD 4067

Mimosa pigra, a weed which originated in Central and Southern America, has invaded the northern

floodplains of the Northern Territory and has the potential to . invade extensive areas of northern

Australia. Because of the ecological and economic impacts of the weed there is a need for up -to -date

and accurate mapping of infested areas as an aid to weed management.

The capabilities of Landsat Thematic Mapper (TM) data for the mapping of M. pigra infestations are

being investigated in this multistage research project. Known infestations along the Adelaide River

floodplains are being used to examine Landsat TM's ability to: (a) detect the weed; (b) distinguish it

from other shrub and woody vegetation; and (c) map stands of differing densities.

To date, initial research has established the viability of aims (a) and (b). An expansion of the

programme during the winter of 1988 will complete the pilot project and provide guidelines for further

studies of monitoring of H. pigra using TM data.

INTRODUCTION

M. pigra, a native plant of tropical Central and Southern America has become a pantropical weed. In

Australia, many of the major river systems of the Top End of the Northern Territory have some

infestations of M. pigra, however, it has not yet reached its ecological limits. It has the potential

to spread south -west into northern Western Australia and south -east into Queensland causing ecological

and economic damage. The biology, spread, affects and control measures of infestations in the Top End

have been discussed elsewhere (Killer et al, 1981; Miller, 1982; Harley et al, 1985; Lonsdale et a!,

1985; Miller and Lonsdale, 1987; Pitt and Miller, unpublished).

For management strategies and control measures to be effective, the distribution of infestations must

be known and up -to -date. Also, the effectiveness of management and control measures need to be

assessed and monitored (Miller and Pickering, 1982; Miller et al, 1982; Pitt and Miller, unpublished).

Field surveys have disadvante.es as stated by Pitt and Miller (unpublished). These include concerns

that:

f) new infestations may remain undiscovered for long periods of time if surveys can not be done

- regularly and comprehensively;

ii) exact locations or extent of infestations are difficult to obtain in the field;

iii) data collection is relatively slow and laborious;

iv) surveys are expensive in terms of manpower and vehicle costs; and

v) surveys may be inadequate if manpower is lacking or if the weed population becomes to large.

Satellite remote sensing is a potential tool for mapping and monitoring M. pigra infestations. Colour

and colour infra -red (CIR) photography have already been used successfully to map M. pigra on the

Adelaide River floodplaïn. Even so, cost of capture can be restrictive for use in large area

monitoring. Large thickets of M. pigra have also been identified on Landsat Multi -Spectral Scanner

(MSS) data (Pitt and Miller, unpublished).

The Working Group on the Application of Remote Sensing to Weeds (1986) identified Mimosa pigra along

with Acacia nilotìca as candidates for pilot projects using satellite remote sensing systems to map

large areas of weed.



The investigation reported here is a preliminary assessment of techniques and methodologies suited to

mapping M. pigra from Landsat TM data. Spectral interactions between the target species, other

vegetation species and the environment generally, is important in determining the suitability of remote

sensing for mapping and monitoring. In the case of M. pigra, which is found primarily on the

floodplains, the spectral difference between the target species and typical floodplain vegetation is

greatest in the dry season. This is certainly the case when the infestations are dense and

monospecific and as such should provide an easy target for mapping.

Density of M. pigra stands is another important consideration in assessing the capabilities of any

remote sensing system. If the system is capable of mapping gradations in target species densities it

may be able to: i) detect new infestations relatively early; iì) help assess the effectiveness of

control measures; iii) monitor the rate at which the target species spreads (with temporal data); and

iv) give some insight into the nature of expansion of infested areas.

Figure 1 (a): Extract from Ground Truth Map

Mimosa pigra infestations;

from aerial colour

infrared photography

from ground survey.

(b): Landsat TM band 7 over same

area as (a).

?METHODS

The procedures used in this investigation have utilized image processing techniques available on

standard processing systems. A 1:100 000 map (herein refered to as the ground truth map) of infested

areas on the Adelaide River floodplains, in the vicinity of the Arnhem Highway was obtained from í.L.

Miller of the Northern Territory Department of Industries and Development. This map was compiled from

1:80 000 CIR photography captured on 26 May 1986 and ground surveys of infestations completed on 1 July

1987. The ground truth map only depicted locations of major infestations. The Landsat TM data (scene

105-69) was captured as part of the Signal Processing Experiment on 25 September 1966. A micro8RIAN

image processing system was used to analyse the TM data.

From the seven spectral bands available with TM data, identification of the four most suitable bands

tor discriminatiing M. pigra was carried out on four subscenes. Each subscene covering an area of

approximately 15 x 14 kilometres. These subscenes included that depicted in Figure 1(b), with the three

adjoining this directly south, south -west and west. The most suitable TM bands were identified from

visual analysis of each of the tour subscenes in conjunction with the ground truth map.
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Once identified, the TM bands were combined in colour composites to assess the capabilities of each

colour composite for visual interpretation of H. pigra infestations. Again the four subscenes mentioned

above were used.

The investigation then concentrated on a subscene (see Figure lb ) of the Landsat TM data which

corresponded to the north -east portion (see Figure la) of the ground truth sap. Work was carried out to

assess if H. pigra could be discriminated by digital image analysis techniques using the four TH bands,

2,3,5 and 7, previously identified. The following techniques were applied:

i) Density slicing (or theme mapping) of each band ;

ii) Density slicing of ratios;

iii) Principal components analysis (PCA);

iv) Parellelepiped classification (mapping four classes of H. pigra and one of littoral vegetation);

and

v) Minimum distance classification (mapping six classes including three H.pigra, one littoral,

one class assumed to be burnt areas and the sixth being the river).

lnkjet plots of the results of the above where compared to the ground truth map via the use of a Zoom

Transfer Scope. This enabled an initial qualitative evaluation of the accuracy of each of the

techniques utilized.

RESULTS

TM bands 2,3,5 and 7 were identified from visual analysis as the four bands that best discriminated

H. pigra. The most appropriate colour composite for visual interpretation was found to be that

consisting of blue through band 2, green through band 5 and red through band 7.

Density slicing of each TM band, while providing general separability of H. pigra from other cover

types in many cases did not separate H. pigra well. This was particulary the case in discriminating

between H. pigra and littoral vegetation.

Using density slicing of the ratios, band 2 /band 3 and band 5 /band 7, it was found that they provided

better separability of H. pigra and other cover types than did raw data bands.

PCA of bands 2,3,5 and 7 did not improve the separability of H. pigra but made discrimination more

difficult. PCA of ratios 2/3 and 5/7 appeared to improve separability. In addition it was found that

colour composites of ratios 2/3 and 5/7 with the first principal component (PCi) of PCA 213 and 5/7

improved the visual interpretatabilìty of H. pigra. This was particulary evident in the colour

composite of blue through ratio 2/3, green through ratio 5/7 and red through PCI.

The parellelepiped classification using bands 2,3,5 and 7 provided generally good classification of H.

pigra, especially dense stands. Four classes of H. pigra were identified ranging from assumed dense

stands to less dense stands. Littoral vegetation was also mapped as a class. The minimum distance

classifier, while successfully mapping two assumed dense classes of H. pigra misclassified the third

class by including woodland areas within the class. Overall in these cases it appeared that the

parellelepiped classification mapped H. pigra more precisely than the minimum distance classifier.

DISCUSSION

This preliminary study has indicated that H. pigra can be mapped from Landsat TM data. It has also

established that both visual and computer interpretation of TM data possess potential to provide maps

of H. pigra infestations. A further, more rigorous and quantitative investigation assessing the most

appropriate methodologies for the mapping of H.pigra from TM data is required. This will be done in the

next phase of the study.

Another important factor in assessing the capabilities of TM data is ground truth data. Ground truth

data which includes H. pigra densities would provide the necessary information to evaluate the ability



102.

of Landsat TM data to discriminate densities. If this information pould be extracted from TM data it

say provide important information for the assessment of management and control measures. In addition

ground truth data providing information on other cover types, in areas of lower density M. pigra

infestations, may help to improve classification accuracy in these less dense stands.

The present scale of mapping used for M. pigra management purposes is 1:100 000 (Pitt and Miller,

unpublished). With TM data able to attain 1:100 000 map accuarcy (COSSA, 1986) the potential for TM

data to aid in the management of M. pigra seems high. Complimentary to TM's mapping scale is the tact

that TM data covers large areas (185 x 185 Km) in one image. As such TM data may be able to provide

more accurate and rapid mapping of the M. pigra than the more traditional survey methods.
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IMPACT OF RECENT LEGISLATION
ON THE WESTERN DIVISION OF NEW SOUTH WALES

JOHN PICKARD
Western Lands Commission, 8P[] Box 4351, Sydney NSW 2001

SUMMARY
Under the Western Lands Act, the Western Lands

Commissioner administers > 30 Mha of the Western Division of
NSW. Legislation in the last decade imposes other controls
which interact with the Commission and lessees. Perhaps the
most important are the Environmental Planning and Assessment
Act, Western Lands (Amendment) Acts, Soil Conservation
(Further Amendment) Act, National Parks and Wildlife
(Conservation Agreements) Amendment Act, Wilderness Act, and
Miscellaneous Acts (Wilderness) Amendment Act. In this paper
I outline the relevant sections and their potential to
radically alter traditional approaches to land use and
management in the Western Division.

INTRODUCTION

The WESTERN LANDS ACT 1901 vests ".."the management and
control of...the Western Division in a.."Commissioner.."""
Thus the Commissioner controls over 31 Mha or 98% of the
Western Division. The Western Lands Act has been criticised
as being too complex, anachronistic and lacking guidelines-
appropriate to managing semi-arid rangelands (Western
Division Select Committee 1983-1984).

The Select Committee recommended that the Act be
repealed and a new Western Lands (Management) Act be
drafted. This new act would "...clearly state the aims,
objectives and strategy for extensive land management within
the Western Division...". In general, the proposed act would
emphasise the condition of the land, rather than the well-
being of lessees. The NSW government did not accept the
proposed new act (Fisher 1986), but the majority of the
recommendations by the Select Committee have been followed.

Lessees, and to a some extent, government agencies,
seem unaware that other legislation in the past decade
applies in the Western Division and radically affects land
use and management. The main features of relevant Acts are
listed below. I conclude by discussing some of the
implications of these various acts.

This paper is not a definitive legal statement.
Therefore, full details and interpretation, consult your

adviser!

WESTERN LANDS (AMENDMENT) ACT 1985
"An Act to amend the Western Lands Act 1901 with

respect to the clearing and cultivation of land in the
Western Division and the enforcement of conditions of
leases, and in other respects."

s/8I.) (Cultivation Permits). Amendments on granting and
refusing ,Permits, and appeal to Land and Environment Court
if application is refused or delayed > 6 months.

s18DB (Clearing Licences). New section defining
clearing ("ringbark or otherwise kill or destroy trees



[including saplings and seedlings]...which do not have
economic value,"

s1SD (iv) Destock:ing orders.
547 Order to lessee to comply with conditions etc.
s49 (Offences and penalties) . Illegal clearing $10,,000

fine but illegal cultivation must first be notified in a s47
order. Ignoring this order attracts $10,000 fine.

- s4.3B Withdrawal of up to 80 ha for a public purpose
without compensation.

STATUTE LI?W (MISCELLANEOUS PROVISIONS) (No, 2) ACT 1986
s18D& Clearing Licences may be extended

WESTERN LANDS (AMENDMENT) ACT 1987
s18G(1)A . B Price control repealed

ENVIRONMENTAL PLANNING AND ASSESSMENT ACT 1979
Part V, s111, s112 and Reg 56 Determining authority

must consider environmental impact, and if likely to be
significant, must examine an environmental impact statement.

SOIL CONSERVATION (FURTHER AMEN.DMEN T ) ACT T 198 6
s21C Cannot k i l l etc any tree on any Protected Land

without permission of Catchment Areas Protection Board.
s3('1) Tree includes sapling, shrub and scrub.
s21AB (1 )a Protected Land is land identified on a map,

or land within 20 m of a a prescribed river or lake.
s2/B(1) Protected Land includes (a) slopes >i8 °, (b)

land within 20 m of mapped rivers or lakes, (c) land that is
"...environmentally sensitive or affected or liable to be
affected by soil erosion, siltation or land degradation."

WILDERNESS ACT 1987
"An Act to provide for the identification, protection

and management of wilderness..."

s1O(4) excludes Western Lands Leases from Wilderness
Protection Agreements.

NATIONAL PARKS AND. WILDLIFE (CONSERVATION AGREEMENTS)
AMENDMENT ACT 1987

"An Act to amend the National Parks and Wildlife Ac.t
1974 with respect to conservation agreements and
conservation areas."

s69A Owner includes lessee of Western Lands Lease
s69B (1) ,, (3)a Conservation Agreement in Western

Division requires consent of Minister and lessee.
69E Conservation Agreements binding on successors in

title.
(WILDERNESS) AMENDMENT ACT 1987
s6 Wilderness is substantially unmodified by man or

capable of restoration to original state, large areas,
capable of providing opportunities for solitude and self-
reliant recreation.

s7 Any person or body can propose a wilderness area
s9 Wilderness to be managed to restore or protect the

unmodified state, preserve capacity to evolve in absence of
human interference, to allow self-reliant recreation.

s91A Interim protection orders may be applied to land
for up to 12 months.
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CHANGES IN POLICY
There have also been substantial changes in policies of

the Western Lands Commission.

HOME MAINTENANCE AREA POLICY (late 19'87)

The home maintenance area (HMA) provisions of s23 and
sw18E of the Western Lands Act only apply to granting of
leases not transfers. As there are now very few new leases
granted, these provision rarely apply. As policy,
criteria have always been applied to transfers. This limited
the total area that could be leased by one person.
Generally, holdings >200% of an HMA were not permitted. The
rationale was both social (closer settlement) and practical
(very large properties were badly managed in the early part
of the century).

However, the HMA restrictions inhibited the normal
processes of rural adjustment to changing technology, and
trends in prices and costs in the Division. Since late 1987,
the upper restrictions have been largely relaxed to
encourage aggregations.

There is link between property size and viability, and
land management: smaller properties are more prone to
overstocking (Young 1985). To prevent further breakdowns of
properties, transfers or subdivisions are rarely approved if
either buyer or seller would be left with substantially less
than one HMA.

OWNERSHIP POLICY (late 1987)
Traditionally, ownership was restricted to individuals

or more recently, family companies. Review of both HMA and
ownership shows the need for greater flexibility in types of
ownership to encourage buildups and injections of capital.
Now applications from proprietary companies, public
companies, and trusts will be considered. However, they must
have suitable expertise for managing semi-arid rangelands.

CONCLUSIONS

The changed legislation and policies have altered the
traditional rules operating in the Western Division. In the
past, indirect measures such as price control and maximum
size of holding were used to avoid degradation. Now there is
more emphasis on direct measures such as the provisions of
the Western Lands (Amendments) Act 1985, increased field
staff, improved relations with other government authorities,
more regular inspections, surveillance with Landsat etc.

Both lessees and government agencies must be familiar
with a plethora of new legislation. For example, despite the
controversy during the debate over the Wilderness Act, most
people did not realise that the Act does not apply to
leasehold land in the Division. However, wilderness may be
created as a management objective using Conservation
Agreements" I observe in passing that this objective appears
incompatible with grazing.

Now that prices are determined by market forces, land
values will increase. There is some concern that prices per
sheep area may become so high that land degradation will
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occur as the new lessees try to pay off their debts.

The full impact of the Protected Lands provisions of
the Soil Conservation Act have not yet been determined. It
appears that these provisions alone have more scope to alter
land use and management than the rest of the new legislation
combined. The Catchment Areas Protection Board is currently
investigating the application and administration of
Protected lands.

The old days have gone forever from the Western
Division. New legislation and direct control measures are in
place. Other government agencies are now more directly
involved in land management issues in the Division. The next
few decades will reveal the success of all these measures in
maintaining the quality of the land.
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BALANCE ALL THE RANGELAND BOOKS

R.G. Silcock, Qld. Dept. of Primary Industries, Toowoomba, 4350

Primary producers spend much of their energy and cash flow servicing
Zarge financial debts. Australian society is currently lubricated by
high interest loans. Loans secured by rangeland property assume the
asset is secure or appreciating in value. In Australia's rangelands,
this is not necessarily so, except in the very long term (say 40 years),
while some current management practices and oversupply of markets exist.
The resale value of one hectare of rangeland is in danger of purchasing
fewer animals or blue chip stocks in future than it has up till now.

It is time to shift the emphasis of rangeland soil conservation
schemes. Shift from tax concessions for capital expenditure on physical
measures such as timber clearing, contour banks and big machinery to tax
rebates and incentives for approved reductions in grazing pressure on
fragile land, for resowing of pastures on exhausted cultivation etc.
Otherwise, the social and landscape balance sheets will plunge towards
bankruptcy along with the financial balance sheet. The man on the land
will be the pawn who is blamed initially, but society as a whole will be
the Mr Big behind him. Research shows that animal production per hectare
of rangeland can be maintained at stocking rates lower than maximum and
with smaller fluctuations in numbers between good and poor seasons.

a

Most taxpayers and graziers expend significant effort, at least once
a year, in checking and reconciling their finances. Often this is
because they have a sizeable loan that demands regular repayments.
Defaulters are sold up or put into receivership. Fortunately, mother
nature takes a longer term view of loans from her resources and is not
normally so demanding for repayments. Nonetheless, the soil, pastures
and water upon which grazing enterprises depend are not handouts or gifts.
They are assets available to the landholder and the nation to be used
judiciously. If they are not nurtured and husbanded in the way animals
and bank managers are, they too will depreciate in value as does a
neglected animal or a disgruntled bank manager. Good surface soil
structure and its contról over available soil moisture is the key to
healthy rangelands. Soil moisture is the key toerangeland production.

Soil Losses

We hear much about soil erosion being a serious problem (Haynes and
Sutton 1985). Inland Australian rivers rarely reach Lake Eyre so they
are not taking our soil away. Strong north westerly winds certainly
blow it away if it is bare of vegetation. Available nutrients are
concentrated in the soil surface and so is organic matter. The nutrients
are important for vigorous plant growth and the organic matter for good
soil structure and rainfall absorption, especially on loamy soils.

Fertility

One centimetre of Charleville mulga soil contains a concentration of
available phosphorus, nitrogen, calcium and sulphur which, if lost,
would take the equivalent of six 50 kg bags of super plus eight bags of



nitram per hectare to replace. The native vegetation, via plant
recycling and root uptake from depth, has put this concentration of
essential plant nutrients where they can be best used by plants
(Burrows 1972; Friedel 1981). This process is only on -going while
significant amounts of vegetation exist.

I have done some interesting calculations. In the Paroo region
between Charleville and Quilpie, the average property (43 300 ha of
mostly mulga) had an average (1974 -79) annual turnoff of 280 bales of
wool, 1,350 sheep and 120 cattle (Mills 1981). This exported produce
would contain annually about 8,250 kg of N, 790 kg of P, 1,520 kg of
calcium and 1,260 kg of S. To replace that nitrogen would alone require
the importation of 130 tonnes of cotton seed meal each year. Biological
fixation by legumes at only 190 gm N /ha /yr would replace that N, but on
mulga country native legumes probably do not reach this figure because
they rarely nodulate in the. field.

Cropping removes considerably more nutrients and organic matter and
is a much greater threat to sustained productivity and soil stability
on infertile soils. A seven bag wheat crop, quite common in the Maranoa
district, would remove 155 kg N /ha and 5 kg P /ha. This amounts to 31
tonnes of N from a 200 ha cropped area. Much of this N would come from
mineralisation of surface organic matter after ploughing and burning.
It would be unlikely to ever be replaced in the foreseeable future unless
super legumes were discovered and perennial pastures grown for years.
Naturalised medics on heavy fertile clays are unlikely to fix on average
over 10 kg N /ha /year (two tonnes over 200 ha) - and then only in winters
when the land was not cropped.

Soil Moisture

The theoretical figures about soil fertility (which I believe are
extremes), are not nearly as potentially disastrous as the effects of
excessive bare soil and overcropping on the surface structure and
infiltration capacity of many rangeland soils. I support Orr (1980),
- the major cause of variation in rangeland production is available soil
moisture. Soil moisture, not the contents of a raingauge, is what
counts. Stockmen know how little growth comes from isolated showers in
tropical and semi -arid climates. Yet unwary southern investors being
told that the average rainfall at Longreach is 440 mm could be forgiven,
upon viewing a rainfall map, for comparing its potential productivity
to that of Jamestown (MAR 400 mm) in South Australia. Longreachi has more
fertile soils with a higher water holding capacity, but grows less than
half the wool per hectare that Jamestown can (SA Dep. Ag. 1968).

Better use of our land assets can be had with no extra financial
outlay, by improving the infiltration of what rain does fall on the
country, putting more of it deeper into the ground (see 'The Mulga Line',
Feb. 88). Soil water is a bit like eléctricity, - high potential,
readily available electricity (e.g., 240 volt) is very powerful but hard
to store. Low potential electricity (e.g., 12 volt) is modest in its
power but much more easily stored until needed. Surface soil, newly
wetted by rain, can support vigorous plant growth and, most importantly,
seed germination. This high potential surface moisture soon goes in arid
country and unless there is low potential, sub -soil moisture, nothing is
left to maintain some green pasture during the next dry spell. The best
way to maintain optimal rainfall infiltration is to keep adequate litter
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and vegetation cover on the soil. This not only slows runoff (Pressland
and Lehane 1982) and minimises wind erosion, it enhances seed germination
and shelters burrowing insects and soil organisms, e.g., giant
cockroaches, ants and wireworms. The burrowing of these insects (Silcock
1973) mixes and aerates the soil and increases its porosity. They fill
the role that earthworms have in wetter climates and do not construct
hard mounds like termites.

Surface Soil Structure

Along with this litter and insects come fungi to rot old litter to return
it to soil organic matter. This organic matter is crucial on non -self
mulching soils for the maintenance of a porous surface soil. Baking sun,
unchecked wind, ploughing and animal traffic all contribute to its rapid
loss and the subsequent hard setting of the surface of most soils
(Tongway and Greene 1986). Self- mulching soils self-cultivate and
repair their surface structure every time it rains. Litter falls down
the wide cracks in dry times and is readily re- incorporated. Hard
setting loams and red clays do not do this, so litter and seed are not
as easily trapped on their smooth surface nor does the surface soil stay
damp long enough to allow fungi and insects to move it back into the
soil. Termites and their concrete -hard mounds also abound on these soil
types but are absent from the cracking clays.

An added major problem can arise on poplar box soils with shallow
A horizons when they are ploughed. If the clayey, often salty B horizon
is brought to the surface it disperses when wet and spreads out, mixing
with the surface loam before setting the new mixture like concrete as it
dries. These soils can only be ploughed effectively for a short time
after rain. They also have very low infiltration rates and small
available water range because of their subsoil. It is very difficult
to re- establish grass pastures on them once retired from cultivation.
Many such soils can best be described as 'violated' if regularly cropped
because the result is inevitable. It is only ignorance or greed (by
farmer or his lender) that sees crops regularly sown on these soils.
Fertilisers can be added quickly, but soil structure cannot be easily
restored once it is badly damaged.

Replacement Pastures

On the assumption that the presence of perennial pastures, shrubs or
trees is the only way to cheaply rejuvenúte rangeland soils that have
had their surface structure badly damaged, it is alarming that so few
plants are commercially available for this role. In temperate regions
where MAR >300 mm, barrel medics are very useful but they leave the soil
exposed all summer, negating the benefits begun in winter. In the tropics
and sub tropics, buffel grass grows well but mainly on the least
susceptible soils (the self mulching clays or friable sands and earths).
In the tropics, the stylos initially showed promise for raising
productivity but in many ways they have simply shifted the problem else-
where - to the native grasses which are being eaten out by overzealous
stocking pressure. At present, there'a`re no sown grasses with proven
potential for these rangeland areas of northern Australia.

Reconciling the Accounts

So what should graziers and the community do to balance all the books,
particularly the soil structure account! There are often good, com-



pelling reasons for pulling dense scrub or ploughing out weed -infested
areas. My suggestion is to plan to return most developed country in the
rangeland zone to perennial pasture within a few years of clearing. The
early production from crops and short -term pastures will often be very
encouraging (Robbins et al. 1986) tempting you to delay the inevitable
return to perennial pastures. In practice, the task of re- establishing
a satisfactory pasture becomes more difficult the longer the time after
clearing or initial cultivation. Nowadays many Queensland farmers are
having difficulty in establishing buffel grass pasture on retired farming
land. Yet they remember how easily their fathers established luxurious
pastures when the virgin land was first cleared. The soil has changed
radically, but so insidiously in so many ways that the changes are not
obvious in the mind's eye.

Do not overestimate the long -term production potential of your
land! Extra animals carried through poor seasons do not ensure increased
profits. Research at Charleville and grazier experience indicate that
long -term wool cuts per hectare can be greater from paddocks consistently
grazed less heavily than the district average (Qld. DPI 1985). This
means more profit without spending or borrowing extra money, and accom-
panied by less managerial stress. Cropping and timber pulling are
beguilingly easy ways to finance unrealistically high prices paid for
land or large loans from disinterested agents. If graziers have to
borrow to undertake a sound development project, they should not drain
nature's piggy bank for too long to pay their debts or they will bankrupt
both. We are entering a period of fiscal restraint. Government and
society are less inclined to prop up or condone poor management practices
anywhere in our economy (Haynes and Sutton 1985). The principles of
'user pays' and 'buyer beware' will apply. 'Bottom -of- the -harbour'
schemes and asset stripping in all forms are frowned upon and ignorance
could rarely be used these days as a legitimate defence.

Husbanding land and its animals can be a rewarding occupation if
everything is kept in balance, not just the bank ledgers. Out of balance
life becomes hell with no simple options and a deteriorating asset.
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millimetres. Most soils are of aeLi3 i jn origin and have poor =.= irtL4#-"e

and low fertility.

Historically, the ra?_n rr =i ,A_ _ d s }Ave hee l 11=-P--?-4 for nr _ c i_ _, 1r recent :î!sfs5
t`Ci4ever, economic factor s haV` 1r r.:T_piL And in _;r-f-r..iì many
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Under the Western Lands Act, 1901 , =cnsent of the CC ;s_i_-er is

reqsired before any land under his jurisdiction is cleared of live timber
or before cultivation is undertaken on any land which does not have an

agricultural or farming purpose. The Commissioner is de'?'ed t?e
determining authority for such development under the E:?vir i-;;fl_ntê+3.

Planning and Assessment Act, 1979.

When considering applications, the Commissioner must balance the

objectives of landuse by individual lessees against the effect of that
lar+duse on the environment.

As these objectives can be incompatible, the issuing of clearing and
cultivation consents has consequently been complicated, time consuming
and controversial. In the early 1980' a deluge of applications to clear
and culti ìete land was received by tt-.e Commi sien. Due to a lack of staff
and resnurces, the Commission was ill- equipped to haidie the tasLz of
prcce = -i rg them. Most administrative operations previously dealt .,ii t`r

la -td tenurr?, policing of lease caf ?da ticsns, land transfers, rental

determinations and valuation work.

F-cdessing of the early zlecir2nG and t=l.,iti`%ctiolt applications ..tas =ar-iE'C;

ciLt in a rather cr-t2dU fashion and relied mainly on t1-0e land management
Errerierce by departmental officers. There was limited access to
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quantitative land ri.,sourf-AtA And input hy ,Pnvirnnm4=ntAl

Much criticism has been leveled at this system, even though most of the
applications were referred to the Soil Conservation Service, the National
Park s and and in tbe case of cIearing applications, the
Foretry Commision, for comment.

Area=. Dvelnpg.-1

The area approved for clearing to date is 429,000 hectares (1.3% of the
area of the Western Division) 'and the area for cultivatiun, 699,000
hectares <2.2%>~ There is considerabIe overlap of these. Recent
monitoring indicates that only about 46% of the areas approved have ben
developed.

These percentages are constdered conservative by comprison with the
areas which have been similarly developed in northwest Victuria;
sout: South Auc;tralia and the Central and Eastern Divisïons of N.:74.W~

It is likely that the rapidity with which clearing and cultivatio'1 took

place in the Division, especially in the early 1980s, is what prompted
the ïmcrpArl roncern and ir»tert by conservation organizatiuns. This
in turn led to increased political interest in the mæmageent of the
Division and in part, resulted in the impIeentation of the Joint
Parliamentary Select Committee of Inquiry. It also led to a ninisterial
embargo which banned further rlearing in the Western Division fur
approximately two years except in cases of established economic hardship.

Maximum Allowable Area Policy

An important feature of the Cmmmisïom's handling of the clearing and
cultivation issùe repeatedly overlooked by critics and branded
`restrictive' by many is the maximum allowable area policy~
This is a zoning system based on soil type distribution and rainfall

patterns. It has been applied to all applications and has effectively
limited the size of the total area available for clearing and cultivation
on individual properties~ Coupled with a schedule of conditions which
include; no clearing and cultivation on sandbills, retention of buffer
strips: and limitation nf cropping frequencyr evtc., it on the whole,
limited the extent of clearing and cultivation development.

Adoption of this administrative approach (aimed at a fair use and a fair

go) which was based on experience rather than published scientific
justification, has stood up remarkably well over time=

As the requirements for nature conservation are becoming better
understood and advances are made in landuse and the application of
technology, the current schedule of conditions are undernoing revision so
as to keep them in line with present thinking.
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There is ackno!~ledgment Qf the requirement of the Commis=-icn tc aoc.p~ a 
regional approach in assessi~g the i~pact ~hat ~leari~g a~d cultivatiun 
is having on the environment rath2r than the previous one-property-at
a-time approach. 

It is also recoaniz~d that due to a persistent lack of staff and 
resources, the Western Lands Commission has not always been able to 
enfcn-ce clearing licence and culti>y·atic•n permit cr:cnditic.ns a~- rigcn-ecu:.ly 
as it would have liked. 

The Pa-.-1 iamentary Inqi..liry, as mentic=ned pre" ic.ct .. tsly~ 
t~ese deficiencies in Commission administration. 

high"!ighted 
One of the 

many of' 
direct 

conseque-nces c•f its report v~as the l-ecrui tment of fi ... n: tertiary t.;-ained 
staff to form, in conjunction with the Rangela~ds Monagement !nspect~rs~ 
a Rangelands branch within the Commission. 

Despite the fact that this still only gave the Commission twelve field 
staff to cover the 32 million hectares of the Di~ision~ the Commission 
has made head¥lay tc~{.&~.?.rds better policing of 1 anduse conditions, 
particularly those attached to clearing licences and cultivdtion permits. 

The Commission, aware of the lack of a scientifically based land rescurce 
data base and a scientifi~ justification of many of its existing la~duse 
conditions and policies, is now actively seeking objective~ quantitative 
data to re-evaluate these policies and guide in the for-mulation of new 
c~nes .. 

Tee help cfchie-,..-e this, the~-e ha:. been ar. inc·reased level of c:Ct-c,pe~-atic•n 

with other government departm~nts on re~earc:h projects. Examples are~ 
-the survey of Black Bcrx I Cocilib.ah communities in the :!cq-theast c,f the 
Division with the National- Parks and t.-Ji ldl i fe Ser":.,lice; 
clearing and cultivation in the Division using Remote Sensing 1n 

conjunction with the Department ~f Agriculture; and a program of regular 
aerial surveys of clearing and c!-c•pping areas with the Department of 
Agriculture and often Soil Conservation Service personnel. 

Commission staff will 
gathering and monitoring 
Conservation Service. 

also likely participate 
exercise being presently 

in 
set 

a rangelands 
up by the 

data 
Soil 

The push by the Commission for scientific justification of its policies 
has only just started to yield results. Central to this 1s 
computerization and the compi latiDn of data base~.. When the 
administrative and land resc•urce dCit:abases are fully operational the 
Commission will be able to adopt a more pro-active approach to pc1icy 
formulation rather than relying on a reactionary onec 

No doubt there will still be significant gaps in 
will in turn require time to fill. However, 
problem should be alleviated by the present l2vel 
other government departments and research bcdies. 

the information wh1ch 
to a large ext2nt this 

of c6llaboration with 

Any land administrator will always have difficulty in determining ~ith 
C!:•nfidence \l'ihat is "a fair use"' cc;= resou:rc2s., pi?..rti~ulal-ly in a clima!;e 
of ev~r-changing community priorities of production needs versus those of 
resource conservation. It is a fact of life that~ Q= well a~ the 
scientific facts on any issue, the community~~ perception of it, often 
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Adre== =}ie "-'u==t3Cc:-: 'what iS =: fair uee'' It has been more difficult
however, to As=ce== what =o?:=iL-i Sot'tFs a 'fair go'

.r

in terms of the
inC:iviCt:a'a' = who de3--i?c nn the land fo:' a s. i'lii7i.- and their _cc''?_cnic

viability.

At a time s =- lobbying i conservation 3 - _p- is highly
achieves a strong media r -r i i 3 the - i i ~ P from those
from the D6 v_ c = rn ` 1 resources i _ at times d _ L} -i g O
strong media coverage for their case may rej1d._'
presentation of the facts to _.._ community Cr= _. Thole.

-i
r^Si_rprofessional

earning living
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rf-e balanced

The We:ste1r3? Lands L-oc_:.::Ei_===ner i= s'Lic3_! ed tCc isL:F)i33i=S:er the Division
under an act of PL r l i amenZ = e Good a_;c^'3r#i=tra t iTa1i by him r e1 i e= on an
accurate and sound r r . i cL r_r_ of } ' ,._ resources under his _- C ? ï'C: _

balancing thP needs r,f ±h_ 1_ i1dI+CPr s with resource capability and
=;_iCta=.:abii_ty. .

The staff of the ?.o(``:1i=1ï;c;? are only too well aware of t;^i-a, ahd are
endeavoring with limited resources, to provide relevant information. The
establishment and maintenance of an administrative database is one Cr the
first tasks aimed at achieving this.

The most significant obstacle in the way of achieving full operational
capability of an administrative database which will also cCrtain fiC
data, is the lac1. of time and resources. TiSrle rarticula'!'it! :s rí:t seat

land administrators have on their side as regardless of the reed to
collect and process relevant information, decisions have to be made on
the basi= of information already at hand. They also more-often than i?Cct,
relate to the matters s and issues of 'today' rather than 'tomorrow'.

As careful as ijje may be, there will always be some mistakes.

Future Direction

A future step in the Commissions aim of balancing 'a fair u=e' with 'a

fair co' will be to undertake further liaison with lobby g-c.L,p=

representing both conservation and landholder interests. This will

identify areas where we can assist each other to achieve what we believe
will be largely common objectives.

This intPnratedi and on-going process is the cni}+a method which we consider
will result in balanced administration and achieve appropriate rcar,aPr:ent
of th? rangelands in the Western Division ci-F New South Wales.
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NATIVE PASTURE PRODUCTION IN QUEENSLAND

- a methodology for research ( GUNSYND)

G.M. McKeon', J.O. Carter2, P.W. Johnston3 and D.M. Orrl.

1. QDPI, Brian Pastures Research Station, Gayndah 4625

2. QDPI, Arid Zone Research Institute, Longreach 4730

3. QDPI, Charleville Pastoral Laboratory, PO Box 282, Charleville 4470

Native pastures contribute 90% of the value derived from livestock (beef
cattle and sheep) production in Queensland, and 43% of total rural exports
(Lloyd and Burrows 1988) . Despite this economic importance, native

pasture production has not been studied in the same detail as has sown
grasses and legumes. Many native pasture management issues require
economic evaluation which in turn requires knowledge of how pasture
production 'interacts with climate, stocking rates, frequency of burning,
shrub invasion and land degradation. An informal group of pasture
scientists is collaborating by measuring native pasture production (>15)
locations. By combining data collected under different environmental
conditions, the group plans to develop a general model which is applicable
to northern Australian grasslands. The project is popularly known as
GUNSYND, an acronym for Grass Under Nutritional Stability: Yield Nitrogen
and Development.

Mathematical models of the relationship between environment and plant
growth provide a tool to extrapolate experience. The objective of the
GUNSYND trial was the measurement of pasture production and the driving
environmental variables for a given species /location combination. The

measurements are used to validate an existing pasture /forage production
model (GRASP) which simulates plant production from inputs of daily

climate data, soil and species parameters (Rickert and McKeon 1982, McKeon
et al. 1982). GRASP has been used with long term climate records to
calculate probability distributions of feed supply, burning frequency, and
profit for native pasture enterprises at Charleville and Gayndah (Carter
and Johnstón 1986, Johnston and Carter 1986) . We report here preliminary
results from four sites and examples of the model validation.

'GUNSYND' MEASUREMENTS

Sites (30 x 30 m) of uniform vegetation /soil were selected. Sites were
fenced with netting to exclude all grazing animals. Within each site
three plots (8 x 15 m) were chosen avoiding microsite variations. The

sites were burnt or mown at the start of the growing season (October) . At

each harvest, estimates of species composition (by yield) , % green cover
and % bare soil were taken; above -ground plant yield and height were
measured (four 1 x 0.5 metre quadrats per plot or larger depending on
variability). Sub -samples were taken to measure N concentration; and for
the separation of green leaf, dead leaf, live and dead stem,
inflorescence, dicots and litter. Soil moisture was measured (2 holes per
plot) in 10 cm intervals (as deep as possible) . Harvests were taken every
3 weeks during the growing season and 6 weekly during the dry or winter
season. Basal area ( %) was measured at each site by one of us (D.M. Orr)
to avoid operator variability.
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Rainfall, pan evaporation, wind run, maximum and minimum screen
temperature, wet and dry bulb temperature (or relative humidity and dry
bulb) and solar radiation were measured daily.

Fourteen sites in Queensland have been studied. Results are presented for
four sites studied in 1986 -87; (1) mulga grassland at Charleville on a
deep sand; (2) mitchell grass at Toorak on a cracking clay; (3) black
spear grass at Brian Pastures (Gayndah) on a self mulching clay, and (4)
black spear grass at Bronte (near Gayndah) on a granitic sand.

'GRASP' MODEL DESCRIPTION

GRASP brings together two successful approaches in modelling plant growth
(McCown et al. 1974 and Fitzpatrick and Nix 1970) . The soil water budget
of three soil layers (0 -10, 10 -50, 50 -100 cm) is simulated. The processes
of run -off, drainage, soil evaporation and transpiration are separately
calculated on each day from inputs of rainfall and pan evaporation. The
soil variables required include; available soil water range for each
layer, maximum rate of bare soil evaporation and infiltration parameters.
A plant growth index is calculated from a soil water index, plant growth
response to average -air temperature, and solar radiation. Following
burning or mowing, plant growth is calculated as a function of growth
index, plant density (% basal area) , and potential regrowth. As green
cover increases, plant growth is calculated from a combination of
temperature response and transpiration, using a transpiration efficiency
(kg /ha /mm of transpiration) . The main plant variables (potential regrowth
after mowing, and transpiration efficiency) are derived from calibrating
the model against field data.

The GRASP model was developed and validated for black spear grass
(Heteropogon contortus) pastures at Brian Pastures, Gayndah (McKeon et al.
1982) . GRASP had also been used by Carter and Johnston (1986) to develop
a model of mulga grassland production at Charleville using data from
Christie (1978) , and validation data from the Arabella grazing trial
(Charleville Pastoral Lab., unpublished data) . This analysis (Carter and
Johnston 1986) suggested that mulga grassland had a lower water use
efficiency than black spear grass but had greater growth at lower
temperatures ( <150C) . We report here the results from four sites which
provide an independent validation test of the model and examine the
model's applicability to other species /soil combinations, eg. black spear
grass on granite sand and mitchell grass on a cracking clay.

RESULTS AND DISCUSSION

The four sites studied in 1986 -87 experienced 'typical' seasons, with
rainfall + 20% of average (Table 1) . The average climatic elements
indicate the large variation in seasonal rainfall distribution,
temperature and evaporative demand across these sites. Although the sites -

received similar rainfall (420 -520 mm) in the growing season (October -
April) , pasture yield varied considerably from 800 kg /ha at Charleville to
3 760 at Brien Pastures indicating that rainfall alone does not account
well for variability in production (Table 2) .

Dicot yield peaked in early March at all sites but had declined by 50% at
the time of maximum sward yield (mid April) . The process of senescence
and breakdown were more rapid in these species than the associated grass.
Toorak had experienced a severe drought in 1985/86 resulting in a low
grass density and the opportunity for high dicot yields.
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The mulga grassland alone showed increase in yield over the cool season
(May to September) . The reduction in yield in the mitchell grassland over
the dry season was due mainly to a loss of dicot material to surface
litter. Black spear showed no response to winter rainfall confirming the
importance of temperature limitation to plant growth in this environment.

The grass swards varied in proportion of leaf ranging from 63% in mulga,
45% in mitchell and 40% in black spear. The availability of leaf
(especially green leaf) has been found to be an important indicator of
animal performance (Ash et al. 1982) . The variability in species
indicated here suggests that more attention should be given to this area
in production and modelling studies.

Comparison of observed and modelled yields indicated good agreement for
mulga and black spear grasslands. The difference in modelled yields from
black spear on clay compared to yield on sand (Bronte) suggests that the
measured differences in yield can be explained partly by differences in
soil variables (available water range) . Calculated losses of drainage and
soil evaporation were 24% for the sand (Bronte) compared to 5% for the
clay site.

The lack of agreement for mitchell grassland results from the model's
failure to handle dicot growth and disappearance. Agreement with observed
grass yields was reasonable (1 170 compared to 1 350 kg /ha) but further
development will be required to simulate dicot production. Preliminary
model validation tests at other GUNSYND sites where dicot growth was small
(irrigated mitchell, Queensland blue, and kangaroo grasslands) have shown
good agreement with observed yields.

CONCLUSION

Independent validation of the model GRASP was successful at the sites
where it had been previously calibrated. The methodology developed in
GUNSYND provides a powerful tool to study the relationship between climate
and native pasture production.
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Table 1. Climate for sites where native pasture production was measured.

Charleville Toorak . Brian
Pastures

B ront e

Rainfall (mm) Mean 1986 -7 Mean 1986 -7 Mean 1986 -7 1986 -7

Oct - Apr 373 418 425 426 594 523 500
May - Sep 123 141 43 5 198 120 145

Total 496 559 468 431 781 643 645

Screen Maximum temperature and Minimum temperature (oC long term average)

Max Min Max Min Max Min

Oct - Apr
May - Sep

33 .6 17 .9 35.8 19.9 31.2 16.7
23.1 6.8 28.6 10.7 24.2 7.4

Solar radiation (MJ /day /m2) and Pan evaporation (mm /day) (AUSTCLIM data)

Rad Pan Rad Pan Rad Pan

Oct - Apr
May - Sep

26 9.4 26 9.8 22 6.0
16 4.3 20 6.2 15 3.8

Table 2. Pasture basal area and yields (standing grass and dicots) , and %
composition (on a dry matter basis) . Model values are from the
GRASP models using input of observed rainfall and AUSTCGIM data.

Site Charleville

Grassland Mulga
Type sand

Toorak

Mitchell
clay

Brian
Pastures

Black spear
clay

Bronte

Black spear
sand

basal area 4.4 2.6 6.8 6.1

Peak dicot yield
(in March kg /ha)

200 1 080 110 20Ó

Pasture yield (kg/ha)
obs model obs model obs model obs model

April 800 850 1 790 1 170 3 760 3 300 2 700 2'670

September 1 190 1 200 1 040 1 170 3 330 3 450 2 280 2 690

% composition in April

green grass leaf 32 13 17 17

dead grass leaf 31 21 22 26
grass stem 28 30 56 45

grass inflorescence 6 11 5 8

dicots 3 25 <1 4



HELPING PASTORALISTS MAKE BETTER DECISIONS

B.D. Foran and D.M. Stafford Smith

CSIRO Division of Wildlife and Rangelands
Research,
P.O. Box 2111, Alice Springs,
N.T. 5750, Australia.

ABSTRACT

Pastoral managers face a bewildering array of management options
while striving to remain viable. Research and extension groups who
service these information needs quite often fail to make headway
because they remain specialised, and continue to work only within
their disciplines. Decision support systems, some of them within
computers, will play a role in the next decade. We present the
RANGEPACK concept which consists of a series of discrete modules,
each of which is designed to help a manager make a better decision
for a particular part of the enterprise. The first module HerdEcon,
which links the herd /flock to its cash flows, is now available

commercially. Prototypes of PADDOCK and CLIMATE are available for
display.

INTRODUCTION

Pastoral properties in Australia's rangelands are managed
against a background of uncertain markets for their product, and a
high risk that climatic downturns will reduce animal productivity and
cash flow. Landscape changes that result in a reduction of long term
carrying capacity are well documented for many areas, and add further
complexity to the need to retain economic viability. The provision of
management advice under conditions of such uncertainity, can be
confounded by an endless array of management options, none of which
can be properly evaluated.

Traditional science has approached pastoral industry problems
from two main streams. At one end of a continuum scientists are
encouraged to specialise, and thus see the industry only in terms of
their own passionate interest, research it to death and write up the
results in inaccessible scientific journals. Alternatively,
multi -disciplinary approaches take the wide view of the whole system
and usually flounder on the lack of a broadly based practitioner who
can bring the disparate streams together. The result has been a body
of scientific knowledge which is often excellent, but not expressed
in terms of whole property management.

Extension services suffer additional problems. They are usually
seen as the poorer cousins of the research institutes, and many
skilled and able communicators are turned into pseudo - researchers by
the need to progress professionally. Their esprit de corps is eroded
by piecemeal funding and lack of support from their bureaucratic
masters, who gamble on a technological breakthrough as the answer to
protracted industry problems. Staff turnover usually ensures that
good extension officers are transferred at about the time they
approach their maximum level of skills, in terms of knowing the
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and subsequent ability to influence mar a. cl s

These problems will never- be totally solved; but the advent .of

.cheap portable and powerful micro-computers will allow us to make
headway, and bring together available knowledge in a form that can be
easily used by extension officers and managers alike. The RANGEPACK
project aims to develop tools which bring together available
knowledge in a form that is'easy to use by extension officer, manager
and researcher alike.

RANGEPACK

The RANGEPACK project started with an Australia wide
questionaire and then a workshop which sought to explore how
information technology, mainly computer based, could be used to
facilitate the maxims of rangeland management. The message carne
through loud and clear don't tell us how to suck eggs. Tools
for decision analysis and decision support must deal with areas that
are not presently accessible such as:

-Large repetitive number crunches e.g. herd modelling;
-Previously inaccessible scientific models;
-Important databases e.g. climate and markets;
-Moulding together "fact" and "opinion" into integrated
information systems;

From these discussions a set of priorities were made which
sought to develop a set of decision support tools which could feed
into, and help with, the individual managers' decision making
process. The priority areas designated were as follows.

1. Herd models linked to cash flow for variable climate;
2. Climate analysis linked to risk and probability;
3. Paddock planning based on animal behavior models;
4. Plant growth modelling to an accuracy of 100 kg /ha;
S. Animal production models based on « ?;
6. An "expert" or "knowledge based" system which integrated

all of the above.

This was developed against a background philosophy of how and
why managers make decisions so that ;Ve could attempt to weave around
the seeming irrelevance of what we hold as good range management
practices, in an industry dominated by the real world of market
prices and climatic variability.

DECISION ANALYSIS

In very broad terms there are a limited number of ways in which
an existing livestock enterprise can be altered to improve economic
viability. While it may seem obvious that more animals will mean more
cash, the options of improving product quality or increasing the
efficiency of the operation may be able to produce equal results in
cash terms while maintaining, or even reducing, stocking pressure.
When the "increased efficiency" option is examined in more detail it
breaks down into two streams, that of reducing costs per head or
increasing production per head (Fig. 1).

For a cattle enterprise in Northern Australia the option of
reducing costs per head is usually the quickest and easiest option
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for increasing efficiency. In addition the options available e.g.
mustering, marketing and so or are usually those most attractive to
the normal manager since they involve organisational changes which
can be implemented more easily. Dy contrast the "increasing
production per head" route involves a complex interaction of biology
and management, and one that can only be implemented i+ most of the
infrastructural support is Available. Figure 1. shows that range
management practices which contribute mainly to the "better
nutrition" pathway are probably the last of the possible management
actions likely to be adopted behind the traditional favourites of
mustering and cattle breeding. Therein lies the challenge which faces
us as researchers, extension officers and pastoral managers.

RANGEPACK HerdEcon

HerdEcon is a herd or flock model, linked to the property's cash
flow which has been designed to help answer the big "what if"
questions posed during attempts to improve the performance of a
pastoral enterprise. It has drawn on many user designed spreadsheets
from around Australia and has added to them the concept of
"year -type" which drives the reproduction, death and production
rates. Year -types are designated as good, okay, poor and bad. The
user is able to designate the biological rates and sale prices
relevant to those year- types for a particular region or a specific
pastoral property. In this way any management innovation, such as an
increase in branding rate can be evaluated, first in a hypothetical
situation of "average" or "okay" years, and then in a constantly
changing or dynamic situation that attempts to mimic real life and
variable cash flows driven by equally variable climate.

HerdEcon has been designed, not as an accounting package, but as
a strategy tool which evaluates management options over runs off 5,
10 and 20 years. It can be run with a series of twelve simple
commands, and has data manipulation and graphics facilities as part
o-F the package. It is intended that HerdEcon serve as the overall
integrating tool for RANGEPACK and already it is starting to find a
niche in what is seen as the traditional market of Government
Agencies, as.weli as consultants and banks.

Subsequent modules in the RANGEPACK stable are now well under
way. A CSIRO Division of Plant Industry climate analysis package
NETACCESS is in a prototype form, and can provide simple analysis of
rainfall data, as well as measures of probability and risk. PADDOCK,
a paddock planning tool based on animal behavior studies, is the
subject of a poster display at his meeting.

RANGEPACK is designed to run on IBM compatible computers with at
least 512K of memory.
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IMPROVING THE ADOPTION OF BETTER LAND
MANAGEMENT STRATEGIES BY PASTORALISTS

O'Shea, Ross H., and Holmes, Kerry K.

NewSouth Wales Department of Agriculture
27 Mitchell Street,
BOURKE. N.S.W.

SUMMARY

Research and advisory personell have generally made little progress in
increasing adoption of better land management strategies by pastoralists
in north west New South Wales.

Lack of both physical flexibility (property size) and financial
flexibility (property productivity), combined with a lack of confidence
in rangeland management advice are considered to be the major reasons
for non -adoption by graziers.

To improve the adoption of sound land management strategies by
pastoralists in north west New South Wales, improvements in general
property financial performance must be achieved to give pastoralists
this needed flexibility.

Increasing the credibility of both research and advice, by targeting
the main issues of interest to pastoralists, particularly those areas
concerning livestock production, are seen as the most likely ways to
ultimately achieve this objective.

INTRODUCTION

The semi -arid woodlands of north west N.S.W. were amongst the first of
the arid pastoral areas settled by Europeans in Australia. Within 30
years of initial exploration (by Charles Sturt in 1829) early pastoralists
had taken up land in these areas (Cameron W.J. pers. comm).

Within 50 years of this initial settlement the present pattern of
settlement was largely established.

There is an important question we should ask ourselves. What has
happended to the land over the last 130 years? The answers to this
question are not exactly exciting when we consider such things as:

* the severe encroachment of woody weeds. Booth (undated) states that
"it is estimated that 20 million hectares (almost 25% of the State) is
affected by, or is liable to, invasion by shrubs ". The descriptions of
explorers and early settlers tell us that at the time of initial European
settlement the land was predominately open grassland.

* soil erosion that has occured, and still continues to occur over the
area. Anon, (1969) comments "it is considered that 3 to,.6 inches of
soil have been lost from hundreds of thousands of acres in the Cobar
district ". Whilst it is probable that the Cobar -Byrock area shows the
worst symptoms of erosion in the north west, erosion is still prevalent.

* continuing decline in carrying capacity. Fogarty and-Markwick, (1985)
consider that "a reduction of 32.8% in mean annual sheep numbers has been
observed in the Bourke district between the decades 1931 -40 and 1972 -81.
Similarly a reduction of 30% has been observed in the Cobar district."

What is disturbing is that the increase in woody weeds, the soil
erosion, and the reduction in numbers of sheep carried, has occured
despite the- introduction of myxomatosis, and subsequent reduction in
rabbit numbers; and closer settlement with its associated increase in
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numbers of watering points and more intensive management. These factors,
we are often lead to believe, are supposed to have benifited the condition
of the land.

WHAT HAS BEEN ACHIEVED

From the above it appears that little progress has been made by pastoral
scientists and advisors in achieving a change in land management practices
by pastoralists in North West N.S.W.

Of concern is that as far back as 1900 a Royal Commission was
established to enquire into exactly the same problems. Interestingly the
conclusions reached by that Royal Commission to rectify the above problems
were largely similar to the land management advice that is presently
given to pastoralists. In 1968 an inter -departmental government enquiry
was set up to study the same issues and again the same general conclusions
were reached. A third government enquiry held in 1983 -84 also studied
these matters.

The conclusion is, despite the best intentions of Government and
pastoral management scientists and advisors, little has been achieved.

We should acknowledge that it is generally regarded that the pastoral
lands are probably in better condition now than after the first 50 years
of European settlement. It is considered that pasture cover is better
and stocking pressure has been reduced. However, this has occured
regardless of efforts of government and pastoral advisors.

WHY?

In the end the people that we as scientists or advisors rely on to
impliment change, are the pastoralists, who ultimately make land manage-
ment decisions. Why then is change not occuring whenbetter information
is available? This can be drawn from research results, widely held
anecdotal information, or practical experience. Yet little appears to
be taken on board by pastoralists.

Commonly perceived reasons, for this slowness on the part of
pastoralists to respond to our research or advice, are;

* difficulty in perceiving that a problem exists or lack of
willingness to acknowledge the problem,

* being set in their ways and thus unwilling to change an established
set of management rules,

* inadequate communication facilities and thus lack of knowledge of
alternatives, or

* lack of confidence in advice being put forward or the person giving
the advice.

I would suggest that perhaps only the last factor may have some element
of truth! In my experience there is an almost universal acceptance by
" pastoralists of problems related to pastoral management. Shrub encroach-
ment, stocking rates, land management, sheep management, water management,
and costs of rehabilitation are widely understood.

The speed-of adoption of what are viewed as affordable, cost effective,
management inovations is ample evidence of the fact that these people are
in touch with matters which concern pastoral management. The almost
instantaneous adoption of pour -on lice control technology is a good
example.

I believe that what we often ignore, or perhaps do not sufficiently
understand, is the fact that pastoralists are businessmen charged with the
primary duty of staying in business.
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Our advice must stand the scrutiny of sound business, and financial,
decision making procedures. The advice we give may be accepted, but can
never be adopted if pastoralists cannot either break even or make a
profit in the near future. I must stress the words "near future" because
we cannot forget that a pastoralist must work within an established
financial framework which may include a fixed borrowing period.

Is it any wonder that our advice is treated with caution when we say
"by using prescribed fire, after spelling a paddock for what ever period
is necessary depending on seasonal conditions, you may reduce the density
of shrubs in a paddock, however the ultimate success of the burn and the
subsequent return of the paddock to the same or possibly better level of
production will depend on the seasonal conditions for 5 to 10 years after
the burn ".

RISK REDUCTION

Business management revolves around the reduction of risk in decision
implimentation. Pastoralists will carefully evaluate options prior to
changing an established management practice.

The risk aversion decisions will be centered around the financial
flexability that the pastoralist has in his particular financial
situation. Obviously the greater income earning ability of the business
unit or the less debt overheads the greater will be the flexability of
the pastoralist.

The larger sized pastoral properties have a greater income earning
ability and also a smaller debt per sheep equivalent. Hassall and
Associates (1982) found that "as expected,' net sheep debt levels are
generally lower for higher carrying capacities, reflecting the superior
performance of those properties carrying in excess of 5000 sheep equivalents ".

When considered in terms of adoption of changed land management practices
it is my experience that pastoralists with smaller properties are most
reluctant to change. Obviously these people have more at risk and thus
take a more conservative approach to change.

WHAT CAN BE DONE

To increase the adoption of changed land management practices we must
increase the general level of financial management and performance of
pastoral properties, so as to give pastoralists more financial flexability.

This financial flexability will enable a pastoralist to have more
confidence in the result of a change in management.

Pastoralists rely on livestock as their major income earning resource
and so this area must be targeted to determine ways of increasing
production and decreasing costs. We must aim to increase the productivity
per animal. This increase can be achieved through increases in reproductive
performance, increases in wool or meat production-or decreased cost of
management. An examination of financial performance the Sheep Trading
Account as affected by lamb weaning percentage is ample evidence of the
benifits of maximising reproductive performance.

We have only to search through research journals and departmental news-
letters and information sheets to see that there is information available
to enhance pastoral productivity.

The ultimate result *will be more income generation and can even include
less animals per unit area, as general financial performance is improved.
The later is considered by many to be a desirable aim in the semi -arid
woodlands.

We also need tb consider the impact that kangaroos have on the present
management strategies adopted by pastoralists. Pastoralists have a good
knowledge of different management practices but there seems to be little
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point in implimenting these changes,due to the impact of kangaroos. It

is presently difficult for pastoralists to withhold livestock and rest a
paddock when kangaroos will exert a similar grazing pressure on the paddock.

It is essential that a better understanding is achieved by all people
of kangaroos and their place in, and impact on the environment. We must
recognise that better total management of our pastoral lands is
intrinsically tied to kangaroos and their management.

CONCLUSION

I believe that pastoralists perceive the Rangeland Society and ourselves
as being primarily preoccupied with matters environmental or ecological
concerning soils, plants or landscapes. Our clients are uneasy with the
principals we commonly discuss or promote. They often do not see that the
research results or advice we give have a practical application to their
situation. This may be for philisophical or financial reasons.

To ultimately achieve our desired results of changed land management
practices we must encourage the Rangeland Society to become actively
involved in animal production matters so as to increase the general
credibility and acceptance of both the Society and ourselves.

It will be through demonstrated achievements in the animal production
area that we will ultimately demonstrate our credibility to our wider
pastoralist client group. It is then that our land management advice
will be seriously considered.
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THE WIREGRASS ACTION GROUP: A case study of a

major advisory programme

L.H. McCormick (A), G.M. Lodge (B), and C.P. Dadd (C)

(A) District Agronomist, Manilla.

(B) Research Scientist, Agricultural Research Centre,
Tamworth.

(C) Livestock Officer (Sheep and Wool), Gunnedah.

A major problem on the Slopes and Tablelands of northern
N.S.W. is wiregrass Aristida ramosa. A summer growing
frost susceptible grass is of low nutritional value and
its sharp seed contaminates sheep meat and wool products.
The associated low stocking rates and the discounts applied
to sheep products represent significant costs to the grazing
industry.

A grazing management strategy to increase the abundance
of more beneficial grass species at the expense of wiregrass
has been in existance for at least 15 years with practically
nil adoption.

Why had there been no adoption, certainly this information
was presented to the grazing industry 10 years ago with
little interest?

A multidisciplinary group, known as the Wiregrass Action
Group was formed to review the wiregrass problem and to
see if a need existed for the control strategy. A logo
and letterhead were also developed so producers could
indentify with this group.

A survey in 1986 of four shires on the slopes was used to
determine if a market existed for this technology. 74% of
respondents had wiregrass and 83% of these considered
wiregrass a problem. 18% had actually tried to control
wiregrass with little success. Average stocking rates
on this country were 1.2 -1.8 DSE /ha. The survey results
indicated there was a real need for wiregrass control
and that graziers were interested in being involved in
a control programme. The Wiregrass Action Group mounted a
two stage attack on the wiregrass problem.

Stage I) Awareness - to create interest in the grazing
community and get landholders thinking about wiregrass
control. The target area for this campaign is the
northern Slopes and Upper Hunter.

Stage 2) Adoption - to increase the knowledge on control
methods and adoption onto properties.
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1) Awareness Campaign

The awareness campaign highlighted the five main problem
areas and the cost to the producer associated with wiregrass:
low nutrition, illthrift and contamination of wool, skins
and carcasses. This information was presented at many field
days, conferences, wool stores as well as articles in
the press and radio.

Demonstration Site: A site was selected, at "Wairuna"
Barraba, to demonstrate the strategy of wiregrass
control. This site played a big role in field days
and supplying results on change for the newsletter.

The most important speaker we found at these field days
was the landowner Mr Mark Thompson, who well understood
the problem of wiregrass and what it meant to him to
be able to control it.

Information Package: The package consisted of an
information sheet "Getting Started In Wiregrass
Control" on letterhead, wiregrass control stickers,
a slide /tape series, video and four display boards.
The package has received extensive use at meetings
and field days and has had greatest benefit to extension
officers not totally familiar with the programme.

A computer model was used to show the expected income
as a property improved under wiregrass control. This
included interest payments for extra stock purchases.

4,000 newsletters were distributed by the group each
quarter. The newsletters contained timely information
on the control strategy, trial results, economic
information and even fencing tips.

Roadside signs have been a recent undertaking. These
signs highlight paddocks along the major roadways that
wiregrass has been controlled in. These signs have
been very effective in reinforcing the idea of wiregrass
control.

To gauge the effectiveness of the Wiregrass Action Groups
awareness campaign a small survey was conducted at Ag
Quip Gunnedah 1986, twelve months after the campaign had
started. Table 1.

Table 1 Survey of Persons Viewing the Wiregrass Stand
Ag Quip Gunnedah 1986

63.5% had a wiregrass problem.
55% of those who had a problem had heard of the Wiregrass

Action Group.
77% of those with a wiregrass problem but had not heard

of the Wiregrass Action Group were outside the target
area.

22% of those without a problem had heard of the Wiregrass
Action Group.



129.

This survey indicated the awareness campaign had so far
been effective and it also highlighted the extent of the
wiregrass problem in other areas.

Attendance at field days and meetings were also indicators
that the programme has created a lot of interest in the
grazing community.

2) Adoption Phase

This phase of the programme aims at increasing the producers
knowledge and skills on implementing the strategy and
increasing the numbers of users.

Early Adopters: At present we are trying to identify
landholders in this category so field days can be held
on these sites as well as developing an interactive
group at these localities. Results to date on this
type of approach have been very effective.

Commercialising Control Strategy: Acceptance by the
private industry is seen as a method of further
highlighting the benefits of this programme and
we are at present seeking companies who will use
this strategy in their advertising literature.

Case studies of individual properties are being used
to promote not only the successes of the wiregrass
control strategy but also to show how flexible the
system is. The case studies so far have described
the use of goats, cattle and supplements in combination
with wethers and the use of increased sheep numbers
over the summer period.

Advertorials this year will combine further case studies
and information on wiregrass control.

A recent survey of 4,000 landholders will be used to gauge
the extent of the programme and set future priorities.
If the survey shows the strategy is being adopted then
the final phase of the programme will be to market wiregrass
as an integral phase in pasture improvement on the Slopes
of northern N.S.W.

CONCLUSIONS

The incorporation of a multidisciplinary group paid dividends
in terms of a,large knowledge base, formulation of plans
and the early production of the information sheet "Getting
Started In Wiregrass Control ". Members- of the group are
also still contributing their expertise in newsletter
articles and at meetings.

This group needed an identity and also needed to be able
to be identified as thé authority on wiregrass control
and native pasture management this was achieved not only
through
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the name and logo but by having our own letterhead and
stickers.

Through the media and newsletters, tremendous attention
was drawn to the awareness campaign and this gave the
group the audience it needed.

Native pasture management is being received with greater
interest these days, landholders are becoming increasingly
aware of the value of natives but the real test for this
programme will be the adoption. The adoption of the strategy
has been the hardest part of the programme to assess,
not only because of the logistics but also because of
the length of time adoption will take place over.

If this strategy is seen by the grazing industry and extension
workers as an integral part of pasture improvement then the
adoption of the wiregrass control strategy will have a greater
chance of adoption. The grazing industry has indicated
they need wiregrass control, the costs of wiregrass are
too high.
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THE LIVE -IN FORUM A NEW APPROACH IN EXTENSION
FOR PASTORAL REGIONS

R.T. Strachan * and T.H. Rudder f

1. Summary

The bringing together of common interest groups for the purpose of
learning new ways of doing things at a live -in venue is shown to
be a successful extension strategy.

The authors suggest the principles of adult education applied are
most appropriate for producers engaged in stock husbandry in
extensive areas of western Queensland.

Key points:

the strategy allows participants to be involved in 'ice -

breaking' sessions before the start of the main programme.

real learning is stimulated through active participation and
the expression of 'held views in a non -threatening learning
environment.

the facilitative approach encourages the participants to
think through problems to a logical end point.

the needs of the participants are met by their nomination of
optional topics for discussion.

2. Introduction

Extension based on information flow about improved practices is
dealing with an increasingly smaller slice of the property
management cake. A whole host of day to day management decisions
in running a property become increasingly important as profit
margins are squeezed and property management becomes more complex.

Further, producers often see problems as some adverse departure
from the norm - unexpected or excessive losses or abnormally low
reproduction, for example. Very few producers see failure to lift
productivity above the norm as being a problem.

Skilled extension workers in the pastoral regions need to be more
concerned with discovering what is not known rather than
transmitting what is known or what they think managers ought to
know. It follows that extensión programmes are more likely to
succeed if extension works to clearly define problems or concerns
and establishes a need to change. A strategy of problem centred,
self directed learning, which was the design chosen for a series
of live -in forums conducted at Clare, Mt Isa and Longreach for
pastoral company managers in western Queensland, was found to be
successful.

Beef Cattle Husbandry Branch, Queensland Department of Primary
Industries, G.P.O. Box 46, BRISBANE



132.

Each forum, of three days duration was restricted to 25
participants. The strategy adopted was based on an approach
evolved by experienced extension workers at the 'Farming for
Profit' Workshops, held at Dalby from 1979. It recognised that
adult learning is an active rather than a passive process.

The authors believe that live -in forums provide a favourable and
appropriate learning environment. They suggest that this
extension approach is particularly suited to pastoral regions
where large, although widespread, common interest groups exist.
Further, in contrast with hi -tech agricultural enterprises, stock
husbandry and the management of extensive areas is steeped in
traditional beliefs. Concepts that need to be acknowledged,
understood and respected before any change in behaviour can be
expected to take place. This paper briefly describes the
approach.

3. The Extension Strategy

The approach aimed to start with general discussion among
participants about 'successful management' and 'problems' and
worked towards specific options and techniques. This is
consistent with recent advances in adult education theory.

Principles of Adult Education

Adults (in this instance - managers) come to extension activities
for a variety of reasons; they may come for a social get- together,
because they were asked (or told), for general interest or to seek
specific information.

The approach adopted at our forums attempted to account for this
and the principles of adult education were applied. These
principles are:

1. Adult education programmes must serve the specific needs of
the clientele and provide reasons for continued activity.

2. Involve the adults in an active learning experience.
Stimulate learning by participation and activity. Avoid the
class -room approach.

3. The programme has to respond to the changing needs of those
attending. Relieve any anxiety or tension by flexible
programming. This is particularly important if the activity
takes more than one or two days.

4. Build on experience, Zead from the known to the new. Allow
time for reflection, particularly for different subjects.

5. In an active learning situation, an adult wiZZ question and
be questioned. Those involved in adult education should be
aware that emotional states such as guilt, anxiety,
aggression and withdrawal are normal when personal
understanding is found to be inconsistent with new
information.
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The programme undertaken at the forums aimed to provide lasting
educational benefit rather than short term provision of
information and the encouragement of dependancy.

Considerable input and organisation was needed to start the
process. The participants were not conditioned to self directive
or participative activities. A gradual movement was made towards
activities based on the participants problems and needs. Good
communication and understanding between the participants and
facilitators was essential to clarify the purpose and direction
and the method of operation.

Activities of a directive nature would have been inappropriate in
promoting change in both attitudes and skills. The non -directive
or facilitative approach adopted with emphasis on stimulating the
participants to think, decide and provide for themselves was found
to be a useful technique.

4. The Theme

It was accepted that more cattlemen are becoming aware of the fact
that stock mortalities, particularly among breeders, is a major
problem in western and northern Queensland and that these losses
have a very significant influence on profits. As measures to
combat these losses impinge on most aspects of herd and property
management, the forums attempted to examine the problem in three
ways:

Firstly: through discussion, the participants were encouraged to
clarify their thoughts on breeder management, to define the
problems facing management and to identify areas of improvement
which may be made.

Secondly: the forums then looked closely at some of the barriers
that may be preventing a manager from achieving improvements in
the performance and the survival of cattle.

Thirdly: some of the more practical techniques that may be
employed by managers wishing to improve cattle performance were
discussed.

In the context of the main theme,,topics covered included: mating
and calving management, weaning, breeds and crossbreeding,
fertility, disease, drought mitigation, supplementary feeding, age
of turn -off, range management and pasture improvement.

Other topics covered in optional sessions and to meet the needs of
the participants included: horse care, growth promotants, carcass
classification, marketing methods and man management.

Important features of the programmes were:

1. A starting time of 5 pm and the 'ice -breaking' sessions on
the first evening were found to be essential. Any
participant who was unable to be present on the first evening
was placed at a disadvantage.

2. Involving the participants in 'buzz groups' early in the
programme to sort out problems and concerns was also found to
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be an essential part of the process. Apart from encouraging
individuals to more freely express their views, it was easier
for them to feel that what followed in the programme was more
relevant to them.

3. The optional management sessions proved to be an extremely
valuable and essential technique for the overall strategy.
Participants were given the opportunity to select the areas
of greatest interest or concern and then were given the
option of selecting a programme best suited to their needs.
The technique creates an atmosphere of relaxation and a
noticeable increase in individual involvement.

Conclusions

1. Extension workers who acted as facilitators at the forums
believe that the learning environment created through a
'live -in' activity of this nature, was most appropriate.

2. It was felt that the forums would be of lasting educational
benefit to the participants (including the facilitators) with
an on -going expectation that the extension workers would be
seen to play a more creditable role in the future.

3. Most of the participants expressed the value of meeting with
extension workers and other managers in an atmosphere of
mutual understanding, respect and -a desire to learn from one
another.

4. The number of extension workers (facilitators) is critical.
The workload can be very heavy and long hours of involvement
with participants is required over a 2 -3 day period. A ratio
of one facilitator to four participants is considered to be
the minimum.

5. There is a real need for the facilitating team to be prepared
physically and mentally for the task. It is suggested that
at least 'key' facilitators be present at the venue 24 hours
before the proposed starting time.

6. In planning such a forum, it is strongly recommended that
more personal contact be made with nominees. Many who
attended the forums lacked any knowledge of why they were
there and what was about to happen to them. Efforts made to
overcome this problem at later forums gave favourable
resuts.

7. While the forums discussed here were specifically aimed at
pastoral company management, the experience strongly points
to the value of this type of extension approach for other
specific groups in the pastoral region. A mix of pastoral
company managers and private owner /managers would be
recommended.

8. A facility euch as that provided at Longreach Pastoral
College is ideal. Unfortunately, such facilities are only
available to our extension service during vacations. This
has serious drawbacks in attracting participation and can
place a strain on extension workers. There is a need to
locate other suitable venues that may already exist
throughout the State.
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CAUSES OF MULGA LAND DEGRADATION AND PRACTICAL OPTIONS TO IMPROVE LAND
STABILITY - THE LANDHOLDERS' PERSPECTIVE.

O.C. Sargent, "Granville", Adavale and S.J. Eady, Charleville Pastoral
Laboratory.

Introduction

In November of 1987 the staff at the Charleville Pastoral Laboratory
convened a number of meetings in the south west mulga lands to give
landholders the opportunity to discuss the problems and possible solutions
to land degradation. This paper presents the major points raised at these
gatherings and briefly discusses the likely impact of the ideas put
forward during these meetings on future land utilisation.

Definition of Land Degradation

Degraded land is broadly defined as land which has suffered some chain of
events that has lowered the level of animal productivity it is able to
sustain. The symptoms of land degradation are loss of ground cover in the
form of timber, litter and grass, higher runoff of water resulting in less
effective rainfall, and the invasion of woody weeds where there was
previously grass. In other cases soil erosion has created bare scalded
areas and mulga regrowth has become a problem limiting grass growth and
access by stock to feed.

Benefits of Reducing Degradation

Improved production and subsequently a higher income is given as the major
benefit of keeping land in good condition. Another benefit perceived is
fewer man made droughts resulting in more stable levels of production and
income. An improvement in the visual appearance of the country and stock,
a reflection of management skills, is a benefit in addition to the actual
improved income. Mustering and therefore major management tasks are more
easily carried out in the absence of woody weeds and thick mulga. A

minority of landholders indicated that there are social and community
benefits in preserving a valuable and unique Australian land system.

Causes of Land Degradation

There was a general concensus that the major cause of land degradation was
overstocking of domestic, native and feral animals.

i. Overstocking with Domestic Livestock. Most people were prepared to
own up to the problem of overstocking with domestic animals, and were able
to identify a number of factors that led to overstocking.

There is a general over expectation of how many stock the country will
run. This may be due to people's experiences elsewhere on better country
or may be due to an ignorance of what levels of productivity mulga country
can sustain over a long period. There is difficulty in determining what
actually is the correct stocking rate because the country varies from
property to property and between seasons.

There is a requirement for a minimum level of income for the landholder
and his family to meet education, housing and communication needs and this
often translates to running a given number of stock. Many people also
recognised that there is a certain level of greed amongst landholders and
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that this is inevitable due to human nature. People are keen to gain the
maximum output from minimum inputs with some disregard for the long term
stability of the country.

Other factors that cause overstocking can be identified as coming from
origins outside the landholder. Lands Department policy on rated carrying
capacity is misleading and gives a false impression of the productivity of
the country. Often this impression is reinforced by agents that have a
vested interest in obtaining the highest possible sale price for rural
properties.

The Lands Department policy on what constitutes a living area was also
identified as a major cause of overstocking. The living areas, often
assessed in the 1920s and 30s, are considered to be too small resulting in
overstocking to achieve a realistic level of income. Most landholders did
recognise that the Lands Department is now reconsidering the living area
assessments. However, the original policies have largely contributed to
the long, slow and extended run down of mulga country over the last 50 to
60 years.

The current drought mitigation scheme administered by the Department of
Primary Industries encourages landholders to hold onto stock for too long.
Those who are well prepared for drought, for example, conservatively
stocked, are discriminated against in terms of financial assistance.
Without the drought rebate it is often difficult to sell stock due to the
usually depressed market during dry periods and high transport costs.

Financial institutions were also seen to be creating conditions that ,lead
to overstocking. Some lenders provide finance in cases where properties
are not viable. This practice is attributed to two factors - unscruplous
lenders that are unconcerned about the viability of the business as long
as they have.a mortgage over the property, and more commonly, lenders that
have little appreciation of the productivity of the country. The feeling
was that bank managers and stock agents equate stock numbers with cash
flow and then dictate availability of funds on this basis. A low level of
equity puts more pressure on landholders to keep their income /numbers up
so that they can meet their commitments. High interest rates add to this
financial pressure.

ii. Over- stocking with Non -domestic Livestock. The other part of the
overstocking problem is the contribution of native and feral animals to
grazing pressure. With a few exceptions most landholders felt that
kangaroos, goats and rabbits are significantly contributing to land
degradation. These populations are seen to be a problem because of the
inability to control their movements and numbers.

iii. Other Causes of Land Degradation. Other causes of land degradation
that were identified are the indiscriminate clearing of country without
appropriate post -clearing management, the change in pattern and effect of
fires since settlement, the incorrect mix of cattle and sheep allowing
massive mulga regrowth or over selection of desirable plant species. Poor
location of watering points and fences results in stock overgrazing
preferred'areas within paddocks. Grazing strategies such as crash grazing
of paddocks can be detrimental at certain times. The presence of sheep on
fragile country at the break of drought is also considered harmful. Most
landholders agreed that overstocking at the break of a drought is a

primary cause of degradation.
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Practical Solutions to Degradation

After defining the causes of land degradation each group set about
identifying solutions that could be put into practice to counter these.

i. Property Build Up. Build up in property size is an i nterg ral part of
any plan to reduce land degradation. Property build up can be achieved
through a 'Land Bank' system whereby properties are bought at market value
by the 'Land Bank' and resold to neighbouring properties which would
receive a low interest, long term loan to make the purchase. In return
the land would be subject to management controls to ensure that it was not
overstocked. Such a submission is being drawn up by a group of
landholders in the Langlo district for presentation to the state
Government.

ii. Drought Assistance. The drought scheme needs to be modified so that
good drought management is encouraged rather than penalised. Political
pressure must come from within the industry to have these changes made
now, not during the next drought. This pressure will be brought to bear
through the local UGA branches.

iii. Education of Professionals. There is a need to provide objective
information to the professional people involved in providing financial
services that are used by landholders. A request has been made to the
Department of Primary Industries to produce a booklet providing objective
information on rural production in the south west region. Further to this
a 'Professionals Field Day' is to be held in Charleville in August 1988.

iv. Reduction in Stock Numbers. A common belief was held that more stock
does not necessarily result in more wool or higher income. Fewer sheep
can be run and produce the same total volume of wool and the country can
be given the opportunity to improve. This was quantified at one meeting
by the statement that sheep need to be producing 70 -80% of their potential
to remain on the property. If sheep are producing less than this, stock
numbers need to be reduced.

v. Drought Management Strategies. Good management of stock during dry
periods will reduce the detrimental effect they have on the country. A

general pattern of management emerged from all the meetings. Sell sheep
while they are still in good order. Modern transport and new markets have
made i.t possible to get sheep out to good markets as long as the decision
is made early enough. The feeding of scrub should commence before sheep
begin loosing condition and a suitable mineral supplement needs to be
supplied. If sheep are to be maintained on mulga put them all into

paddocks with good felling mulga and spell the rest of the property.
Limit the number of sheep retained to that which the available manpower
and supplements can support. Keep cutting mulga after the drought breaks,
restock slowly giving germinated grasses the opportunity to seed before
they are grazed. Control stock movement during droughts to protect the
softer country where stock will concentrate.

The incidence of drought can be greatly reduced by long term conservative
stocking that leaves a good body of feed on the country all the time.

vi. Control of Non-Domestic Livestock. Control of native and feral
animals is important to be able to reduce stocking pressure. Spelling and
light stocking of country would have a much greater impact if the kangaroo
and goat numbers can be controlled. In some situations kangaroos can be
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effectively controlled by electric fences, however, the most suitable
control measure is harvesting by professional shooters. The kangaroo
shooting industry needs to be supported by lobbying for a more deregulated
quota system that issues tags on an area /needs basis. Media coverage is
needed to give urban populations a more realistic picture of the kangaroo
problem and methods of controlling kangaroo numbers. Representation needs
to be made through the UGA to prepare such material.

vii. Treatment of Small Problem Areas. Renovation of small areas around
sheds and homesteads will encourage grass growth. This is done by contour
ripping or ploughing which lets in the moisture and traps soil and seeds.
These areas must be kept free of stock, especially sheep, until the grass
has established and seeded. Localised areas of woody weeds can be killed
by clearing, burning or poisoning, preventing their spread. Again stock
must be kept off these areas until grass is well established.
Uncontrolled mulga growth can also be controlled by clearing and burning
and then stocking with a mix of cattle and sheep. Many landholders
indicated they would visit properties and look at areas where clearing,
burning and renovation had made improvements.

viii. Reduction of Financial Pressures. Thorough research of the
availability and suitability of finance from different sources gives the
best possible terms for money that has to be borrowed. A reduction in
taxation liability can be gained through astute knowledge or advice of tax
deductible items especially expenditure associated with soil conservation
and reclamation work. Other actions that will reduce financial pressures
are to optimise off farm investments, evaluate current management
practices to determine if they are still appropriate and necessary, reduce
costs by buying in bulk, seek expert advice on investment and finances,
refinance existing debts if necessary, and educate creditors by getting
them to visit properties so that their understanding of the situation is
improved. Sound financial planning will assist in both the generation of
outside funds and the meeting of budgeting goals.

Conclusion

From the series of meetings the general impression is that landholders do
have a good understanding of the problems of mulga land degeneration.
From the reading of this paper one could also assume that we know what
actions to take to halt the degenerative process and are actively pursuing
this path. Unfortunately knowing what to do and actually putting it into
practice are two very distinct issues. Although most landholders have the
knowledge of what must be done there is still the lack of incentive to
actually put these ideas into practice. The tendency to blame factors
outside the immediate control of landholders leads to a certain inertia
that is hard to overcome. Many are unrealistically waiting for the DPI to
come up with some quick fix remedy. Whether government intervention, in
the form of land -use legislation, is a practical option is open to debate.
Certainly if some intervention on the part of landholders or government
does not occur the result certainly will be a desert of woody weeds and
bare unproductive ground.
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"SELF MUSTERING"
AN ALTERNATI'JE MUSTERING SYSTEM

R. Cheffins, Beef Cattle Husbandry, QDPI,
Barcaldine.

The Australian Rangelands and their cattle, sheep and
goat populations require careful and judicious management to
ensure a fragile environment is not degraded while
maintaining stock productivity at an economically viable
level. Land, pasture and animal management programmes have,
and are being researched, developed, demonstrated and
recommended to rangeland managers in an effort to assist them
to achieve this goal. However, the adoption and efficient
implementation of these programmes is heavily reliant on good
stock control.

Stock control over much of the rangelands is very costly,
inefficient and less than satisfactory. A major aspect of
control is the ability to efficiently collect or muster
stock. There are several methods of mustering commonly in
use, but they are all based on the search and chase /drive
principle. These systems are "forceful" and they encourage
the stock to "fight" the system. They are costly, relying on
human eyes for searching and a physical presence to force the
stock into doing something or going somewhere they do not
want to. They generally require a lot of labour and /or
expensive machinery; they can be stressful to the stock and
can not be used when the stock are weak. They are also
dangerous.

An alternative mustering system has been developed from
the old one -way cattle trap. It relies on natural animal
behaviour and requires no human involvement or force. The
system is applicable to many regions of Australia. It has
the potential to greatly reduce mustering costs while
increasing recovery rates thereby giving the manager the
means of efficiently implementing many .of the recommended
stock and pasture management programmes applicable to his
situation. Because the stock do all the work and muster
themselves, the system is referred to as "self mustering ". It
is being successfully used by a growing number of innovative
managers to muster cattle and some sheep.

The system is versatile but has two basic requirements.
Firstly, access to all stock waters must be controlled by
enclosing them in a yard or small paddock and secondly, the
stock must use one -way spear gates to get into and out of
these water enclosures. With a little training the cattle
become quite accustomed to, and expert at, using the spear
gates. They enter and leave the water enclosure almost every
day of their lives and it becomes a normal, everyday practice
to them.

To muster, the exit spears are simply closed off. The
cattle continue to come in to water and congregate in the
water enclosure. The better system designs incorporate a

small holding paddock, which is opened up during the muster
to comfortably hold the stock during the 2 to 4 days it takes
for them all to come in.
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A further refinement is some basic working facilities at
the water enclosure. These may be permanent or made up, when
needed, from portable panels. The ability to do some simple
drafting and to load animals onto transports without having
to drive the whole herd to the main working yards will save
time, money and cattle stress and maximise the benefits to be
derived from self mustering.

Because the spear gates are in constant use, they must be
made to withstand the wear. Steel spears are really the only
option. There are a variety of spear designs but the off -set
hinge, short spear design is strongly recommended because it
is reliable and robust, requires little maintenance and
cattle find it very easy to use.

On typical extensive northern and central Australian
cattle properties, the cost of normal property mustering is
very variable but has been estimated to be between $2.00 and
$12.00 a head yarded. Similarly, the cost of self mustering
is very variable. However, assuming a cost of $5000 to
construct a system on a 250 head watering point and it
lasting 20 years, it will cost 50 cents a head to yard
cattle if two musters are carried out a year.

Working Yards

Panels: 2300mm long
1700 mm high
5 rails

RC

An example of á well designed self mustering facility.
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GENOTYPE STUDIES WITH GRAZING BEEF CATTLE IN THE QUEENSLAND CHANNEL
COUNTRY

M.R. Clarke* and J.R. Wythes**

INTRODUCTION

Shorthorns have traditionally been the preferred breed of cattle for the
channel country, because of their tractable nature and ability to fatten
quickly. In recent years there has, however, been a trend towards the use
of Zebu cross cattle in this region. Research in other parts of
Queensland has shown that Zebu cross cattle are more profitable because
they are more productive in terms of liveweight and carcass beef
production (Rudder 1978). In light of these findings, it is possible that
economic beef production in the channel country can be improved by the use
of better adapted genotypes. This paper reports on an experiment that
studied the growth rate and carcass characteristics of Zebu cross and
Shorthorn steers grazing channel country pastures at Bulloo Downs,
Thargomindah (140° 0' E, 28° 30' S).

MATERIALS AND METHODS

Features of the channel country and the management of its cattle
properties were described by Clarke and Wythes (1988). The growth rate,
carcass weight, dressing percentage and fat depth were measured in a group
of Zebu cross and Shorthorn steers grazing Bulloo river channel pastures
at Bulloo Downs. The breeding of the Zebu cross steers was approximately
5/8 Zebu, 1/4 European and 1/8 British breed. The two groups of steers
were weaned at Bulloo Downs and tagged and weighed on 23 August, 1983
after an overnight fast. Station records indicated that at weighing the
average ages of the Zebu crosses and Shorthorns were approximately 7
months and 9 months respectively.

After grazing together for 1029 days, the steers were mustered and weighed
on 17 June, 1986 after an overnight fast and transported 1640 km to a
coastal abattoir. At the abattoir, the steers were rested for 48 hours
with access to water and slaughtered on 24 June, 1986. Individual hot
carcass weights (according to the standard carcass definition), carcass
grading and subcutaneous (P8) fat were recorded. The liveweight and
carcass data were analysed using analysis of variance procedures for
orthogonal data.

RESULTS

The Zebu cross steers started the experiment 26 kg lighter (P <0.05) than
the Shorthorns because they were approximately two months younger.
However, they grew faster (P <0.05) and at the end of the experiment were
only 8 kg lighter. As well, the Zebu cross steers had higher dressing
percentages (P <0.05) and produced carcasses 5 kg heavier than the
Shorthorns (Table 1) . Within the Zebu cross group, 53% of the carcasses
graded in the higher priced premium and first grade categories. For the
Shorthorn group, 52% graded in these higher priced categories. Zebu cross
carcasses tended to be down graded because of insufficient fat cover,
whereas the Shorthorn carcasses were down graded because of insufficient

Qld. Dept. Prim. Ind., P.O. Box 597, Dalby, Qid., 4405.
Qld. Dept. Prim. Ind., P.O. Box 102, Toowoomba, Qld., 4350.
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weight (premium grade carcasses need to be heavier than 280 kg, although
this weight varies slightly between abattoirs).

Table 1. The comparitive growth rate and carcass characteristics of
Zebu cross and Shorthorn steers grazing channel country
pastures at Bulloo Downs, Thargomindah

Zebu cross Shorthorn S.E.

Number of animals 59 59
Initial liveweight (kg) 195a 221b 4.5
Final liveweight (kg) 571 579 6.9
Liveweight gain (kg) 376a 358b 6.3
Carcass weight (kg) 311 306 4.3
Dressing percentage ( %) 54.5a 52.8b 0.003
Fatness - P8 rump site (mm) 13.0a 17.6b 0.64

Means in the same rows not followed by a common letter differ
significantly (P <0.05).

DISCUSSION

The liveweight gain advantage (18 kg) to the Zebu cross steers is less
than that recorded in similar comparisons in much harsher Queensland
environments (Arthur et al. 1972, Winks et al. 1972). This difference can
be partly explained by the fact that cattle in the channel country do not
suffer as many environmental stresses as in more northern parts of
Queensland. Generally, the more the environmental stresses (e.g. disease,
climatic, nutritional) , the greater the advantage to the Zebu cross
genotypes (Anon. 1983). The dressing percentage advantage to the Zebu
cross steers was expected (Hewetson 1962) and the lower fat depth of the
Zebu crosses reflects their later maturity type (Carpenter 1973).

COI`MERCIAL IMPL ICATIONS

Zebu cross steers, with genotypes similar to those used in this
experiment, are likely to be more productive in terms of liveweight gain
and carcass weight, and more profitable than Shorthorns in the channel
country. Zebu cross steers have a decided advantage in carcass weight but
may need to be held on pasture longer than Shorthorns to avoid being
downgraded, when sold by the traditional weight and grade system, because
of insufficient fat cover. This applies particularly when steers are of a
later maturing genotype.
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DROUGHT MANAGEMENT ON A WESTERN DARLING DOWNS PROPERTY IN QUEENSLAND

S.P. Clarke* and M.R. Clarke **

INTRODUCTION

Droughts are a feature of the western Darling Downs in Queensland and can
have disastrous effects on primary producers in the region. As in other
regions of Australia, one of the chief functions of the farming and stock
manager is to mitigate against the potentially devastating effects of
drought.

The western Darling Downs is usually considered to be the shires of
Tara, Murilla and Chinchilla (G. McIntyre, pers. comm.). The topography,
climate, soils and vegetation have been described by McClement (1970) and
Dawson (1972). The region has become a large grain growing area over the
last decade although cattle breeding and fattening are still important
industries. There has been a slight swing back to sheep over the last two
years because of high wool prices.

This paper reports on a drought management programme at Kentara,
Condamine (26° 55' S, 150° 10' E) during 1987. Kentara is situated on the
west bank of Dogwood creek and has about 1000 ha of heavy, brown, clay
soil and 500 ha of lighter soil adjacent to the creek. About 500 ha of
the clay soil is used chiefly for grain growing while the remainder of the
property is used for grazing 100 Braford cows and 300 steers. The cattle
enterprise is largely a breeding and fattening operation. Annual rainfall
recorded at Kentara for the last three years has been well below the
average annual rainfall (578 mm).

THE OPTIONS CONSIDERED

In early autumn 1987, it became clear that the summer rains had failed
again, and that we had to make an assessment of feed supply for the winter.
It was obvious that the feed would not carry the cattle on hand through
the winter, and a range of options were considered. Sale prices for store
steers and breeders had fallen because of impending drought so the selling
option was rejected. However, the number 6 yearlings (those born in the
1985/86 summer) were sold as vealers off forage crop at good prices in
December 1986. For various reasons, agistment; hay feeding, feedlotting
and grain feeding were also considered not to be viable options and we
decided to embark on a fortified molasses feeding programme.

THE FEEDING PROGRAMME

Molasses was transported in bulk 450 km from a coastal sugar mill in a
600 L steel tank on the 8 t farm truck. It was gravitated via a 100 mm
outlet directly into feeding troughs at the two feeding sites, one in the
cow paddock and one in the steer paddock. Cottonseed meal was then
added to the molasses at the rate of 15% by weight and mixed in with a
shovel.

* Kentara, M.S. 1171, Miles, Qld., 4415.
** Qld. Dept. of Prim. Ind., P.O. Box 597, Dalby, Qld., 4405.
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Feeding troughs were provided at the rate of one to each 12 head of
cattle and spaced 10 m apart, away from the water points to minimise dust
problems. Feed troughs consisted of 200 L drums cut in halves at 900 to
the vertical axis.

Cows and steers were fed initially at the rate of 1 kg of mixture
per head per day. As the drought worsened, this was increased to 2 kg
per pead per day, giving a total daily consumption of 680 kg of molasses
and 120 kg of meal. The daily cost was $60 for molasses ($75 per t) and
$33 for meal ($275 per tonne) or 23 c per head per day. Labour costs
increased the daily cost to 26 c per head. A steer on a daily allowance
of 2 kg of mixture would have received 18 MJ metabolisable energy (M.E.)
and 125 g of digestible protein (D.P.). The daily requirements of a
400 kg steer for maintenance are 50 MJ M.E. and 280 g D.P. (N.R.C. 1976)
which means the mixture was supplying about 36% of energy requirements
and about 44% of protein requirements.

COMMERCIAL IMPLICATIONS

At no time were the cattle weighed, so assessments of performance were
largely visual. We felt that the steers gained weight while the lactating
cows maintained weight. Obviously, the sparse paddock feed was still
making a considerable contribution to the daily requirements of the animals.
The benefits derived from the feeding were thought to be due to the rumen
degradable protein, rumen bypass protein, energy and minerals contained
in the mixture. Our feeding programme was cheaper and more flexible than
the agistment option, very safe, involved little capital expense and gave
good distribution of mixture among the animals.

We do not condone drought feeding as a means of maintaining higher
than desirable stocking rates. When weighing up the options, feeding may
not always be the best choice and may be one of a combination of chosen
options. Generally speaking, a conservative pasture utilisation level
must be applied and stocking rates should be such that stock numbers match
that utilisable level. We would envisage that such a feeding programme
may be necessary only once every 5 to 10 years. We can foresee problems
being created if cattle numbers are held at artifically high levels, in
terms of wind and water erosion and general pasture degradation.
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RECOVERY AND VIABILITY OF GRASS AND LEGUME SEEDS

PASSED THROUGH 'rHE DIGESTIVE TRACT OF CATTLE

by R.D. Dillon* and F.T. Smith+

Queensland Department of Primary Industries

Beef Cattle Husbandry Branch, Brisbane
+ Pasture Management Branch, Brisbane

Introduction

Establishing improved pasture species is difficult in many areas
because terrain precludes the use of conventional sowing methods.
Aerial broadcasting may be used, but may not provide a suitable
environment for seed germination and establishment. Little information
is available on using cattle to spread seeds although it is well known
that weeds, particularly in overgrazed areas, are commonly spread by
this method. Prickly acacia (Acacia nilotica) is a prime example of a
woody weed which is spread by cattle (Burrows et al 1986). Forty -one
per cent of Prickly acacia seed remains viable after passage (Harvey
1981) . Dispersal of seed by cattle of the pasture legume Glenn
jointvetch (Aeschynomene americana) was noted by Bishop et al (1985) .
Neto and Jones (1987) concluded that the recovery of viable seed from
faeces varied with both seed and animal species and feed quality, but
the most important factor was seed type.

Materials and Methods

Seed of two (2) grasses, ten (10) pasture legumes and three (3) fodder
trees were studied.

Four (4) Hereford steers previously trained with faecal collection
harness, were fed 1.0 kg rolled sorghum each morning followed by Rhodes
grass chaff to satisfy 95% of their appetite. At the start of the
collection period, seeds (100 g per species) was fed in conjunction
with the grain. Where seed was physically different, eg. size or
shape, up to five (5) species were fed simultaneously. Germination,
hard seed (ie. viable seed, which will not imbibe water at the time of
testing), and dead seed content was determined from a subsample taken
prior to feeding.

Faeces was collected twice daily and bulked for each 24 hour period.
After weighing and thoroughly mixing, a sample was taken for dry matter
calculation. A further 200 g subsample of wet faeces was washed to
remove fines and the residual material was dried at 33 ° -38 °C (Jones and
Bunch, 1977). After drying, the sample was aspirated to further reduce
the mass. Recovery and counting of seeds was performed using a

magnifying stage. Viability testing was carried out by Standards
Branch, Brisbane.

Results and Conclusions

The proportion of seed recovered and germination results for all
species tested are presented in the table.

Data indicates that 80% of all seed voided was passed between 24 to 96
hours after feeding. Seed size did not appear to influence the
percentage recovered.
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Buffel grass (Cenchrus ciliaris) was a high priority species in the
project. Buffel seed was included several times but no
voided. The subsequent slaughter of a steer previously
confirmed that total digestion of seed was occurring.
recovered from all the other species tested, but the
recovered varied greatly..

seeds were
fed buffel
Seed was

percentage

The amount of seed remaining viable after passage varied with species,
for example, Seca stylo (Stylosanthes scabra) with 42% of seed
remaining viable and Desmanthus vírgatus with 63 %, show more potential
foin- dispersal by cattle than Oxley stylo (Stylosanthes guianensis) and
Glenn jointvetch with only 16% and 11% respectively.

The viability of t4ulga (Acacia aneura) after passage through cattle is
similar to that of Prickly acacia. Cattle management when drought
feeding with seed -bearing Iiulga could assist in reintroducing seed into
denuded areas.

Our methodology provides data on the suitability of species to be
spread by cattle. This information could be used in the planning of
field trials.

Species
Seed
Components

A B
Species

Sree
Components

A
t

D
t

1. Pasture. Grasses 2. Pasture Legumes (cont.)

Brachiaria decumbens Viable 87 - Stylosanthes 9uianensis Viable 75 16

cv. Basilisk Hiard seed - - cv. Oxley Hard seed 54 7

Recovery - 23% Dead seed 13 23 Recovery 34% Dead seed 25 18

Cenchrus ciliaris Viable - 49 - Stylosanthes bamata Viable 90 25

ev. Biloela . Hard seed - - cv. Verano Eard seed 80 20

Recovery .0t Deed seed 51 - Recovery - 40% Dead seed 10 15

2. Pasture Legumes Stylosanthes scabra Viable 80 22
cv. Fitzroy Bard seed 65 18

Aeschynomene americana Viable 80 11 Recovery 27% Dead seed 20 5

cv. Glenn Hard seed 60 7

Recovery 25% Dead seed 20 14 Stylosanthes scabra Viable 88 42
ev. Seca Hard seed 85 33

Cassia rotundifolia Viable 94 30 Recovery 45% Dead seed 12 3

ev. Wynn Hard seed 37 27
Recovery 45% Dead seed 6 15 3. Fodder Trees and Shrubs

Clitoris ternatea Viable 87 2 Acacia aneura Viable 66 44
Emerald naturalised Hard seed 14 1 !sings Hard seed 60 43
Recovery 9% Dead seed 13 7 Recovery 58% Dead seed 34 14

Desmanthus virgatus Viable 84 63 Casata sturtii Viable 74 42
Q9152 Hard seed 83 12 CPI 79501 Hard seed 66 39
Recovery 71% Dead seed 16 8 Recovery - 53% Dead seed 26 11

Lotononis bainesii Viable 35 26 Leuceena leucocephala Viable 98 71
cv. Hiles Hard seed 29 22 cv. Peru Hard seed 95 69
Recovery 36% Dead seed 65 10 Recovery 77% Dead seed 2 6

Vigna parker!_ Viable 78 4

ev. Shaw Hard seed 64 3 A - Before Feeding
Recovery 38% Dead seed 22 34
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A TECHNIQUE TO FIND WHAT STOCK EAT
C.J . Evanson, Charl ev i l l e Pastoral Laboratory

Introduction

The pastures of Western Queensland are composed of many different plant
species. Domestic stock preferentially graze these pastures depending on
the type of plant, time of year and the proportion of pasture species
present. To understand the ecology of native pastures, a knowledge of
their response to grazing in different seasons is needed. Fistulated
stock have been successfully used for the past 15 years to study diet
composition in the mulga, and mitchell grass pastures of western
Queensland.

The Stock

Healthy young heifers and wethers were selected and trained so they could
be handled during sampling operations. The animals had oesophageal
fistulas inserted using the technique of Van Dyne and Torell (1964).

Fitted to each fistula is a closure or plug. The plug allows the animal
to eat and drink normally. However, animals are inspected daily for their
safety.

Plug Design

Two types of plugs are used. A stainless steel plate and rubber stopper
located with a wing nut (illust. A) is used for sheep (Van Dyne and Torell
1964). The main feature of this plug is that the locating bolt on the
plate is placed off-centre. This gives the plate a long and a short end.
The plate is removed and rotated 180° once a month. This prevents wear
pockets from occurring on the inside of the oesophagus.

In cattle, a surgical rubber split -tee (illust. B) plug is inserted in the
fistula and secured by a bolt. The use of a wedge- shaped block on the
external portion of the plug reduces the chances of its being ripped out
by the animal rubbing on it.

E
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Illust. A.
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Illust. B.
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Bag Design

Collection bags were designed to be sturdy and easy to fit. Hung under
the neck of the animal, the medium weight canvas bags were attached with
string through eyelets in the four corners. Sheep bags had an extra rope
running from the centre of the back of the bag, between the legs and tied
around the chest. This stopped the bag slipping up the neck when the
animals grazed. Similarly, the back of the cattle bags were secured to a
girth rope to prevent slippage.

Steps Used In a Dietary Sample Run

One week prior to the sample date, the fistulated stock were introduced to
the sample paddock. This settling -in period allowed time for the stock to
join the resident herd or flock and adjust to the particular pasture.

Two hours before sampling, the stock were mustered and held in yards close
to the site. Plugs were removed and bags fitted just before release. On
release, stock were not allowed near water.

After thirty minutes of undisturbed grazing, stock were remustered. The
bags were removed and samples collected and immediately frozen for future
processing. The plugs were carefully refitted after checking for
blockages in the oesophagus. Sample runs have been carried out in the
early morning and mid- afternoon with no apparent collection difficulties.

Problems and Stock Maintenance

There are a few problems that can occur with fistulated stock. Blockages
may occur in the oesophagus. Checking the animals daily is the only way
to control this problem. There are tell tale signs to look for in animal
behaviour. The animal stands alone from the flock or herd, it salivates
profusely from the mouth, looks hollow around the rumen and, in severe
cases, appears weak or even goes down.

As soon as a suspect animal is spotted, it should be treated by removing
the plug and clearing the blockage by hand or by using a well -lubricated
stomach tube. This treatment should be followed by encouraging the animal
to drink and eat.

Sheep may have problems with blowfly strike around the fistula. There two
are ways to combat this problem. One is to customise the plug design to
fit the fistula. This will reduce leakage and wet areas of wool on the
neck. The other is to dust the neck with fly strike powder. When plugs
are fitted, care should be taken so that the skin around and in the
fistula is not pinched or,torn.
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EDAPHIC EFFECTS OF PRESCRIBED FIRE ON A RED EARTH SOIL IN THE
SEMI -ARID WOODLANDS

R. S . B . Greene', C . J . Chartres2 and D . J . Tongwayl

1 CSIRO Division of Wildlife and Ecology, Deniliquin, NSW 2710,
Australia

2 CSIRO Division of Soils, Canberra, ACT 2601, Australia

Introduction

The lack of periodic burning and the reduction of competition from
perennial grasses by overgrazing are the main causes of the shrub
problem in the semi -arid woodlands of NSW. The use of prescribed fire is
an economical solution to the problem and encouraging results in terms
of shrub kill and grass regrowth have been measured. However, very
little is known about the effects of fire, especially repeated firing,
on soil properties affecting productive potential in the semi -arid
woodlands. Experiments with various levels of fire frequency have been
undertaken over the past 10 years in semi -arid woodlands near Coolabah,
NSW. The aim of this work is to examine the effects of various fire
treatments on a range of soil physical, chemical and micromorphological
properties.

Materials and Methods

The soil type at the experimental site was classified as a shallow red
earth or Typic Haplargid. Using a regular array of points on each plot,
the percentage cover of cryptogams, bare soil and depositional material
on a range of burning treatments was estimated. Soil samples from the
0 -1 cm depth of a range of burning treatments were taken for analysis of
various physical and chemical properties. These included pH, electrical
conductivity, particle size analysis, exchangeable cations, cation
exchange capacity, organic carbon and dispersible clay. Aggregate
stability of 10 -2 mm aggregates was measured using wet sieving and In
situ measurements of saturated infiltration were carried out using disc
permeameters.

Undisturbed samples from a range of burning treatments were collected in
large tins (155 x 100 x 50 mm) from about the upper 40 mm of the plot.
They were air -dried (35 °C) impregnated with polyester resin and vertical
thin sections cut from the impregnated blocks.

Results and Discussion

Increased fire frequency progressively destroyed the cryptogam cover and
increased the amount of depositional material and bare surface (Figure
1). Annual fire is sufficiently severe to completely destroy the
cryptogam cover.

The results of measurement on various soils physical and chemical
properties indicated that fire had little effect on most of these
properties. However, the infiltration rate measured after 10 -15 minutes
was significantly less in the annual burnt plots compared with the
unburnt control plots (Figure 2).
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All fire frequencies significantly reduced the stability of the soil
surface relative to the unburnt control (Figure 3).
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Tne presence of a protective cr;:p.ogam crust appears to be the main
factor stabilising these soils against breakdown in water. Raintower
experiments indicated that loss of the protective cryptogam cover
increases the susceptibility of the soil surface to erosion.

Annual

Figure 3. Effect of
fire treatment on
aggregate stability.

Micromorphological observations of surface crusts also showed greater
evidence of erosion and deposition occurring as fire frequency
increased. Greater fire frequency increased laminationdecreased
surface irregularity and made the crusts more unstable.
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Grass dynamics in the semi -arid woodlands of western N.S.W.

A.C. Grice, N.S.W. Dept of Agriculture, Cobar

Introduction

Grasses are prominent in the pastures of the semi -arid
woodlands of western New South Wales. In view of their role as
forage for livestock and fuel for fires, a knowledge of their
dynamics is of importance to pastoral industries. An exclosure
experiment was established in March 1985 to consider the
differential effects of grazing by sheep and non -domestic
herbivores (rabbits and kangaroos) on the dynamics of the grass
populations at six sites in Eucalyptus -Acacia and Casuarina -
Heterodendrum woodlands west of Cobar.

Experimental Design

At each site, two 1- hectare exclosures were constructed for
comparison with unexclosed controls. The three treatments were
thus (A) all mammalian herbivores excluded (B) sheep only
excluded (C) open to grazing by sheep, rabbits and kangaroos.
Apart from these treatments, no attempt was made to regulate
the numbers of animals using either exclosures or control
areas. Grazing intensity at each site was monitored using
species -specific monthly counts of faecal pellets.

Grass populations were monitored by 3- monthly visits to 30
permanent quadrats in each treatment. Individual plants were
counted at each visit and, for six selected species, detailed
data on survival, growth and reproduction was gathered on a
plant by plant basis.

The species studied in detail were Aristida browniana, A.
contorta, Enneapogon avenaceus, E. cyl indri cus, Monacha they
paradoxa and Stipa vari abi 1ís. Not all species were present as
all sites and some site supported a range of other species.
These included Danthonia caespitosa, Digitarla spp. , Eragrostis
eriopoda, E. se ti fol í a, Pani cum spp . , Paspal i di um cans tri c t um,
Stipa tuckeri, Themeda australis and Thyridolepis mitchelliana.

results and Discussion

A number of results are noteworthy at this stage of the
experiment. It is apparent that above -ground biomass tends to
be higher in exclosed treatments than in either of the grazed
treatments. Individual live plants tend to be larger and dead
material remains intact for longer. Treatments grazed only by
rabbits and kangaroos more closely resemble unexclosed than
complete3y exclosed treatments.

This effect on above -ground biomass is not accompanied by
corresponding influences upon plant survival. There is, as yet,
no evidence of grazing induced mortality. Mortality is



apparently largely related to rainfall. There are, however,
major differences between species in rates of mortality.
Species such as Eragrostis eriopoda, E. seti fol i a and
Monachather paradoxa tend to have higher survival rates than
Arístida spp. or Stipa variabilis, the latter being significant
contributors to vegetable fault problems.

Seed production of some species can be dramatically affected by
grazing. Seed production of Eragros ti s eriopoda and Monacha ther
paradoxa was considered in terms of the number of
inflorescences produced. The number of inflorescences produced
in ungrazed treatments was 5 -7 times that on either of the
grazed treatments. It is significant that in treatments grazed
only by kangaroos and (to a lesser extent) rabbits, seed
production by the species considered resembled that of
unexclosed treatments more closely than it resembled that of
ungrazed treatments.

Large scale emergence of most species occurred only once
between March 1985 and March 1988. This emergence followed 50-
75 mm of rain in March 1987. Species that emerged at this time
included Eragros tí s eriopoda, M. paradoxa, Pani cum spp., T.

australis, T. mitchelliana and Paspalidium spp.. Stipa
variabilis emerged on a number of occasions during the
experiment. Seedlings of species that emerged in March 1987
remained small until the following spring. Of these "new"
plants, only Arístida spp. produced significant numbers of
seeds before the summer of 1987 -88.

The impact of grazing upon the output of seed by grasses is a
potential mechanism whereby changes in species composition may
be brought about in these pastures. On -going work will
ascertain the extent to which increased seed production is
reflected in greater densities of seedlings of the relevant
species.



153.

DEVELOPMENT OF AN INTEGRATED SYSTEM FOR RANGELAND
MONITORING IN THE WESTERN AUSTRALIAN ARID ZONE

R.B. Hacker
Department of Agriculture

Baron -Hay Court
South Perth W.A. 6151

The Western Australian Rangeland Monitoring Systems (WARMS)
for arid shrublands is a ground -based method for providing
pastoralists and land administrators with objective
information on changes in rangeland vegetation and soils.
Sites are selected within the paddocks of each lease based
on distance from water, and salinity of water and pasture.
Where vegetation density is sufficient, belt transects are
established and width and height of individual shrubs are
recorded. Some species not amenable to such measurements
are counted and the density of perennial grasses, faculative
perennial species and seedlings is scored. Soil surface
condition is assessed by quadrat sampling and the site is
photographed. Where vegetation is sparse, data collection
is restricted to soil surface assessment and the photographic
record.

Additional sites may be established for special purposes
such as ïn areas subject to cultural regeneration treatments,
or in areas'of particular interest to the station management.
Sites are also located in areas of low grazing pressure
(reference sites) and within exclosures.

Data from monitoring sites, reference sites and exclosures
are recorded on data loggers in the field and stored on
a central data base using the WARIS system (Rosenthal et
al. 1986).

Analysis of data from the ground site network will allow
the reporting of overall changes in species populations
and size class distributions.

Although it is not possible to separate precisely the effects
of grazing and seasonal variation, data analysis should
allow inferences to be drawn regarding the likely role of
grazing in contributing to the changes observed. Such
analyses will include ordination of time series data and
approximate comparison of population dynamics on monitoring
and reference or exclosure sites.

The data base will also allow reporting of data of general
conservation interest, e.g. changes in species richness
and diversity.

Monitoring sites in the arid shrublands are currently being
installed at an average density of about one site per 7500
ha. Although considerable care is exercised in site
selection, in an attempt to ensure that sites are
representative of the most important pasture types within
each paddock, data from the ground network can still provide
only a limited overview of changes in the landscape.
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The value of data from ground sites can be enhanced by
integration with Landsat imagery within the context of a
geographic information system. This integration aims to
facilitate the extrapolation of changes observed at ground
sites to larger areas and to identify areas not - covered
by the site network where management- induced changes may
be occurring.

For use in the monitoring programme, Landsat data will be
processed to produce 'albedo change pattern' images. These
images display patterns of change in landscape "brightness"
which may be related to grazing. Arid rangelands in good
condition generally have low albedo while overgrazing
generally results in an increase in albedo. Regeneration
of degraded rangelands will generally result in a decrease
in albedo.

The pattern of albedo change between two "dates is defined
by the initial albedo together with the magnitude and
direction of the change. Once Landsat images have been
fitted to a map base these patterns may be displayed in
a single colour image by combining the initial albedo image
(green) with the positive changes (red) and the negative
changes (blue). The pattern of change displayed by each
pixel is then represented as a specific colour. Overgrazing
or regeneration of range is likely to be associated with
predictable patterns of albedo change which can be
immediately identified on the image. Albedo is calculated
using the method described by Robinove et al. (1981).

Use of a geographic information system package allows
monitoring sites to be overlaid on the images, together
with other themes which aid interpretation such as fence
lines, watering points and land systems.

Imagery produced in this way, and interpreted in conjunction
with data from ground sites and local knowledge of seasonal
conditions and stocking regimes, will provide the most
comprehensive monitoring system currently available for
the Western Australian arid zone.

REFERENCES

Robinove, C.J., P.S. Chavez, Jr., D. Gehring and R. Holmgren
(1981) . Arid land monitoring using Landsat albedo difference
images. Rem. Sens. Envir. 11 :133 -56

Rosenthal, K.M., C.R. Ahern and R.S. Cormack (1986).
WARIS: A computer -based storage and retrieval system for
soils and related data. Aust. J. Soil Res. 24:441 -56.



155

OBSERVATIONS ON THE EFFECTS OF GOATS GRAZING WOODY WEED INFESTED COUNTRY AS A MEANS OF

SCRUB CONTROL. R.J. Harland,

District Soil Conservationist,
Cobar.

INTRODUCTION: Green (1983), Davies and Mitchell (1984) have reported that goats can be
useful in the control of certain woody shrub species which are not utilized to a large

extent by other livestock. Widespread observations show a spectacular decline in the
biomass of palatable woody shrubs when subjected to heavy goat grazing. Goats do not browse
for 100% of the time. Harrington (1986) found that when forage quantities were unlimited

the goats spent 63% of their time grazing and only 28% browsing.Most browsing took place
under dry conditions when pasture quality was low. Under a regime of heavy grazing the

potential for overgrazing must be recognised. In particular damage to pastures may result

if large numbers of stock are left in a paddock during a critical period.

This paper reviews results obtained so far by the Soil Conservation Service of N.S.W. on
the effects of goats grazing in confined paddocks in the Cobar district. Details of

property location, country type and annual rainfall are included in table 1.
TABLE 1

Property Location Country Type Av. Ann. R /Fall

Dijoe 75km North of Cobar Hard red Mulga 350mm

Kaleno 85km Southd West of Cobar Soft red Sandplain 300mm

Fairmount 220km West of Cobar Dunefield 275mm

METHODS: Transects were laid out.on the three properties on representative sites, and
observations and measurements were made at specific intervals. Details recorded were

height and density of shrubs, projected foliar cover of shrubs and pasture and pasture
composition. The level of replication in these studies was not sufficient to enable
statistical analysis to be carried out, however the results can be used to assess the
effects of goat grazing on vegetation quantity and composition.

RESULTS: The results are shown in tables 2 -5.

TABLE 2

Mortality of Mulga (Acacia aneura) following goat grazing - " Dijoe"

Density of live Mulga
1979 (pre -goats) 1984 % Mortality

Transect 1 6800 /ha 6000 /ha 11.8%

Transect 2 24600/ha 19600 /ha 29.0%

TABLE 3

Effect of Goat Grazing on Density of Hopbush (Dodonaea attenuata) and Turpentine

(Eremophila Sturtii) in 2 height classes - " Kaleno"

Hopbush Site Turpentine /Hopbush Site

Shrubs /haHopbush Density Shrubs /ha Turpentine Shrubs /ha Hopbush

Height

Year 0.2m 2m 0 -2 2 0 -2 2

1983* 917 67 633 33 2317 533

1984 817 100 633 100 1633 483

1985 483 133 517 117 1983 517

1986 83 67 467 217 1183 300

1987 17 67 383 250 1600 250

* Pre Goat Introduction
TABLE 4

Effect of Goat Grazing on Hopbush Density in 2 height classes - "Fairmount"

Transect 1 Control 1 Transect 2 Control 2

Year 0 -2m 2m 0 -2m 2m 0 -2m 2m 0 -2m 2m

1984+ 3725 575 2675 500 2475 325 1125 400

1985 3200 325 2600 650 1950 425 1475 75

1986* 2150 25 1400 250 2050 50 975 50

+Pre Goats. *Goats introduced to Controls.
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TABLE 5
Ground cover % "Fairmount"

Goat Paddock Control

1984+ 1985 1986* 1984+ 1985 1986*

Perennial Grass 2.0 0.8 0.7. 1.8 1.0 0.0

Perennial Forbs 3.1 0.8 0.2 3.7 1.3 0.0

Annual Forbs 1.9 0.0 7.9 2.5 0.2 1.9

Litter 19.5 21.0 7.8 23.0 36.2 8.1

Bare Ground 73.5 77.4 83.3 69.0 61.4 89.8

+Pre Goats. *Goats introduced to Controls.

DISCUSSION OF RESULTS: On mulga country the results show that although severely defoliated
over a 5 year period the mortality of mulga was relatively low (see Table 2).
Unfortunately, there are no quantitative results from the study at "Dijoe" to show the
benefits to pasture growth of the opening up of dense thickets. Photographs taken before
and for some years afterwards do show a marked increase in pasture growth during
favourable seasons. The implications of these findings are that mulga may be utilized as a
forage resource without actually killing a large percentage.

On hopbush the results are variable (see Tables 2 &4). Excellent kill rates were recorded
on some areas on "Kaleno" with up to 89% mortality on a moderately dense area. On the
dense areas with over 2500 shrubs per hectare mortality has been considerably lower.
Recruitment has also taken place during the course of the study. Resprouting of severely
defoliated bushes was also observed. The results at "Fairmount" show a similar trend
although a similar mortality was achieved on the control plots compared to the original
paddock within a 12 month period. This period coincided with drought conditions for most
of the year indicating that it is during these dry periods that goats may have most effect.

The effects on ground cover were to increase the proportion of bare ground as compared to
the control (see Table 5). During 1986 litter levels also declined markedly indicting
that severe pressure was being placed on pastures.

Turpentine which is unacceptable to goats remained relatively static (see Table 3). There
is some concern expressed by graziers that once the hopbush has been removed turpentine
will replace it. During the period of this study there has been no recruitment events for
turpentine observed. Turpentine recruitment has been shown to be very episodic (Booth
1986) and it is too early to say what the long term effects on the turpentine population
will be.

CONCLUSION: The need for good planning and management has been particularly obvious during
the observation period. It is essential that alternative paddocks are available to which
the goats can be moved once fodder reserves become depleted. Goats require specialized
fencing and many graziers simply completed the first paddock before introducing goats.
This led to problems when the first paddock had been eaten out. It is essential that feed
availability is monitored so that timely decisions on stocking levels can be made.

An appropriate grazing strategy must be developed. The author's suggestion is to only
concentrate high numbers of goats in shrubby paddocks when feed quality is low during dry
times. The critical period for pasture regeneration is immediately following effective
rains at which time grazing pressure should be significantly reduced.

It is apparent goats do have a role in woody shrub control, however good planning and
management are essential to prevent overgrazing and subsequent degradation of pastures.

Davies L. & Mitchell T. (1984) - Goat production in the Cobar District. Some

experiences of graziers up to December, 1984. Information Sheet (N.S.W. Department of
Agriculture, Dubbo).
Green D.R. (1983) - Shrub Control by goats in Western New South Wales. Report of Soil
Conservation Service of N.S.W. (Govt. Printer, Sydney.
Harrington G.N. (1986) - Herbivore diet in a Semiarid Eucalyptus populnea woodland 2.
Feral Goats. Aust. J. Exp Agric. 26, 423 -9.
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ROLE OF COMPLEMENTARY GRAZING BY SHEEP AND GOATS IN IMPROVING
STABILITY AND PRODUCTIVITY OF RANGELAND.

K.A. Henderson; D.C. Cowan; R.F. Renwick; F.B. Hodge

Department of Primary Industries
Arid Zone Research Institute

INTRODUCTION: In a survey of producers in Western Queensland,
woody weed invasion and timber regrowth were considered to be the
most serious problems facing producers in the region (Huessler
etal 1982). A project was designed to determine the role that
goats can play when grazed with sheep in controlling the spread
of undesirable woody species in Queenslands sheep areas. Prickly
acacia (Acacia nilotica) has invaded large areas of the Mitchell
grass (Astrebla spp) downs. Futhermore substantial regrowth of
gidyea (Acacia cambagei) occurs following scrub pulling of gidyea
areas, eventually resulting in a reduction in carrying capacity
and animal production.

Chemical and mechanical methods of control are expensive. Low
cost effective methods of control are urgently needed. Research
and practical experience in Africa, New Zealand and southern
regions of Australia indicate that goats can be used in the
control of certain woody species (Downing 1986). Grazed in
combination with sheep, goats have the potential to improve
overall productivity by reducing woody regrowth, thus improving
pasture production and providing an additional source of income.
Grazing of sheep and goats tends to be complementary as goats
obtain a significant percentage of their fodder requirements from
browsing.

AIMS: (i) To determine the effect of complementary grazing by
sheep and goats on stability and productivity of Mitchell grass
and gidyea scrub pasture.

(ii) To devise combinations_ of sheep and goats to maximise
production while controlling undesirable plant species.

(iii) Examine the effect of c- ormplementary grazing of sheep
and goats on economic returns from wool production.

EXPERIMENTAL DESIGN: Experimental sites were selected on two
commercial properties. The Gidyea (Acacia cambagei) site is
located on "Albilbah ", south -west of Isisford. The prickly
acacia (Acacia nilotica) site is on "Politic" east of Aramac. An
area of approximately 260ha has been leased at each site and sub-
divided into six paddocks. Fences and watering systems have been
installed. All paddocks have been electrified to contain the
goats in their respective paddocks. The boundary fence is a
standard hinge joint fence with an off -set live wire thirty
centimetres off the ground. Internal fencing consists of six
plain wires, three earthed and three live. This fencing has been
successful in keeping stock secure.
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Goats are first -cross cashmere wethers and have been weighed
stratified and assigned to their respective treatments in a
similar manner to the sheep. The combination of Merino wethers
and goats being used at both sites are:

(i) 20 sheep
(ii) 20 sheep and 10 goats

(iii) 20 sheep and 20 goats
in their respective paddocks, with each treatment replicated
twice.

METHODS: To gauge the effect of sheep and goats on herbaceous
vegetation, pasture assessments to estimate dry matter yield and
botanical composition will be conducted twice yearly (end of wet
season {April - May} and end of dry season {October - November })
Band transects have been established in each paddock to assess
the response of woody vegetation to the imposed treatments. This
will be assessed annually in the late dry season when maximum
grazing pressure on woody vegetation is anticipated. As well
faecal sampling will be undertaken to determine dietary
selection.

Animals involved in the trial are weighed bi- monthly. The goats
will be shorn every six months and the sheep annually according
to commercial practices.

RESULTS: Insufficient observations have been recorded to date to
report quantitative ,results. However there is evidence of quite
severe stem damage by browsing goats stripping off bark. This
has been observed in both the prickly acacia and gidyea plants.
In gidyea, a number of branches have died as a consequence of
this early damage to the bark. The use of goats in complimentary
grazing with sheep is showing some promise in the control- of
these two species.

REFERENCES:

DOWNING, B.H. (1986) Goat and sheep grazing in sub -infested,
semi -arid woodlands of New South Wales -
Australian RANGELANDS journal.
8 (2) : 140 -150

HUESSLER, J.W.S., SLANEY, W.R., THURBON, P.N., WISSEMANN, A.F.
(1983)

Report by the Committee Reviewing
Department of Primary Industries Services
Western Queensland. Department of
Primary Industries, Brisbane. 194 pp.
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THE LAKE MERE GRAZING STUDY

Ken C. Hodgkinson

CSIRO Division of Wildlife and Ecology,
Rangelands Research Centre,
Private Bag, P.O.,
Deniliquin, N.S.W. 2710

In November 1986, a major grazing study was commenced by CSIRO, in a
mulga semi -arid woodland, 40 km north of the Darling River township of
Louth in western New South Wales. The study is significant because it
includes both sheep and kangaroos as herbivores and involves a
multidisciplinary team of scientists examining different facets of the
influence of grazing intensity on sheep production, pasture production,
stability of soil and plant resources, and economic returns.

AIM

The broad aim of the grazing study is to determine the optimum stocking
rate for sheep production at the site, the influence of kangaroos upon
this and the relationships between grazing intensity and land stability.
Relationships derived from the study will be generalised by modelling to
other types of country in semi -arid woodlands.

PADDOCK LAYOUT

Thirteen paddocks comprise the 204 ha study area and each is of a

different area ranging from 10 to 30 ha. Twelve of the paddocks are each
grazed by five merino wethers with six of these paddocks, having
kangaroos (mostly eastern greys). The stocking rates in sheep
equivalents (with or without kangaroos), range from 0.3 to 0.8 sheep /ha.
In addition one 4 ha paddock is stocked at 1.0 sheep /ha with the sheep
being fed supplements to maintain their health.

SITE DESCRIPTION

The landscape at the site comprises low undulating stony ridges, with a
dendritic drainage system. Soil type is a massive red earth or Typic
Durargid. Vegetation is dominated by mulga (Acacia aneura) with a
variety of other tree and shrub species comprising the shrub stratum.
The herbaceous stratum is dominated by perennial grasses, principally
Arí s tí da con for ta, Dí gí tería brownií , Eragros ti s erí opoda, Monacha ther
paradoxa and Thyri dol epis mí tchell í ani a. Across the landscape there is a
mosaic pattern of three main vegetation types: (1) E. eriopoda
grassland, occurring on the shallow soils of runoff slopes (5Th), (2) M.
paradoxa grassland having a savanna appearance and occurring on deeper
soils at the "toe" of runoff slopes (12 %) and (3) closed A. aneura
woodland, occurring on the deep soils of runon areas (319x).

Rainfall at the site is 300 mm and on average is evenly distributed
throughout the year.
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STUDIES

(1) Sheep production. Weight gains and wool growth are routinely
measured and used to determine the optimum stocking rate for sheep
in relation to herbage availability and kangaroo competition.

(2) Herbage production. Herbage growth and decay is recorded after
major rainfall events in addition to herbage quantity and quality
on offer each quarter. At nearby locations, herbage production is
also measured to determine the relationships between herbage
production and shrub quantity, soil type, site condition and
rainfall (via soil water). Phenological development of grasses is
being recorded.

(3) Perennial grass population dynamics. Status of perennial grasses
are monitored bimonthly to determine their mortality rate, seed
production and recruitment in relation to their location in the
landscape, prevailing soil water conditions and grazing intensity.

(4) Hydrology. Redistribution of water within the landscape commonly
occurs, particularly following intense summer storms. The influence
of grazing upon this is being studied at Lake Mere and at nearby
locations.

(5) Soil nutrients and fauna. The indirect influence of grazing on
nutrient status and faunal activity is being studied in an attempt
to gain understanding of the processes involved in degradation by
grazing.

(6) Modelling. The information from the Lake Mere Grazing Study and
that collected from other locations, is being incorporated into
process models simulating the ecology and economics of semi -arid
woodlands (SEESAW, see poster by G. Jones) and a management
decision model (RAM - Rangeland Advisory Model). By modelling it
will be possible to generalise the results from the site specific
Lake Mere study to other sites within the SAW.

It is anticipated that the most important contribution from the study
will be development of a modelling method for adjusting the number of
animals (sheep, goats or cattle) that can be carried on a property given
herbage levels and rainfall patterns. The aim is to optimise economic
returns without long -term degradation of plant and soil resources.

RESEARCHERS and their STUDIES

Richard Greene (4)
Ken Hodgkinson (3)
Greg Jones (6)
John Ludwig (6)
Jim Noble (2) and (5)
Neil MacLeod (6)
Fiona McFarlane (2)
David Tongway (5)
Brian Walker (2)
Allan Wilson (1)
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RAINFALL ANALYSES FOR WESTERN QUEENSLAND - WHAT DO THEY TELL US?

Peter W Johnston* and Jackie Willcocks **

Rainfall is a topical conversation item in Australia, particularly in arid
regions where livelihoods depend on precipitation. There is little we can
do to alter when and how much rain is received but we can observe rainfall
and use these observations in management. A fair use of our rangelands
requires an understanding of rainfall as it is perhaps the greatest source
of variability experienced in grazing enterprises.

This poster presents four simple analyses of long term rainfall records
for several centres in western Queensland and examines their implications.

Moving averages

Ten year moving averages were calculated for annual rainfall, summer
rainfall (Oct -Mar) and winter rainfall (Apr -Sep), and plotted against the
sixth year of the ten in the series. An advantage of moving averages is
that they remove the extreme oscillations which are observed in long term
rainfall records. When compared to the long term means, periods of above
average or below average rainfall at Longreach can be identified (Fig 1.).
Longreach is currently in a period of below average summer and annual
rainfall and this has implications for pastoralists. Mitchell grass
pastures surrounding Longreach rely on summer rainfall in the warm months
for active growth. Without this rain, growth is minimal and seed set is
unlikely. The result is less pasture and low establishment of new plants,
thus requiring a reduction in stock numbers. Failure to reduce animal
numbers is detrimental to both stock and pasture. The dominance of the
summer rainfall at Longreach is evident in
Figure 1.

Wettest and driest years

Comparing the wettest and driest years highlights the rainfall variability
experienced in western Queensland. Expectations of the capacity of our
grazing lands needs to account for this variability if our rangelands are
to be given a fair go.

-Rainfall Probability

Rainfall probabilities can be determined from the rainfall decile
information published by the Bureau of Meteorology. They can be a useful
management tool as they indicate the proportion of years a certain
rainfall has been exceeded for a particular period of time. For instance,
if there is a good chance conditions are going to be moist in the warmer
months, a crutching or jetting program could be implemented to avoid a
potential fly strike problem. Alternatively, if conditions are known to
be dry in the next few months a lightening of stock numbers or preparation
for supplementation could be implemented. These types of decisions may be
intuitive to many, but for those new to a district or those .whc -would like
support in their decisions, it is possible to estimate the chance of
receiving a certain amount of rainfall over a certain period.

* Charleville Pastoral Laboratory, PO Box 282, Charleville, Q 4470
** Department of Primary Industries, GPO Box 46, Brisbane, Q 4001



Conditional probability

Questions are often posed as to whether a dry year follows a dry year or a
wet summer follows a dry winter and so on.

Conditional probability analyses using long term rainfall enable us to
answer these questions.

Analyses for 50 rainfall stations in Queensland indicated there was no
relationship between seasons, when long term rainfall data were used. In
other words rainfall is random in distribution across time. Better
predictions are more likely if shorter term information isused and the
anlaysis includes a mechanism which causes variation in rainfall. Such a
mechanism is the southern oscillation index.

This poster paper was prepared using the QDPI Pasture Management Branches'
Climate Data Bank.
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SEESAW : Simulation of the Ecology and Economics of Semi- -Arid Woodlands

G.K. Jones

CSIRO Division of Wildlife and Ecology,
Rangelands Research Centre,
Private Bag, Post Office,
DENILIQUIN, NSW, 2710

Introduction

Studies by CSIRO's Rangelands Research Centre in Deniliquin are
formulating long -term management strategies for pastoralists
semi -arid woodlands of eastern Australia.

In developing these strategies, we are focusing on factors
livestock numbers and distribution; these factors include:

(1)
(2)
(3)

Shrubs (woody weeds)
Forage Supply
Wildlife and Feral Animals

aimed at
in the

affecting

In the short time available for research, it is not possible to cover
the full range of environmental and economic pressures exerted on
properties in the region. In order to predict the consequences of
drought, `fire and other environmental extremes on the long-term
viability of the property in question, it is useful to have ecosystem
models which can simulate these events and display the outcomes of
various management strategies under these events.

A number of process models of pastoral properties have been developed in
various regions throughout Australia, for example, those of Cottingham
(1974), Christian et al. (1978) and Freeman and Benyon. (1983). While
these models cover various aspects of the management of pastoral
properties, they do not cover all of the factors we consider important
in managing pastoral properties in the semi -arid woodlands, nor do they
cover the environmental extremes experienced in the region.

In order to include factors which we consider important to the semi -arid
woodlands, we are developing computer models of sheep properties in the
region. The first of these models, SEESAW combines elements of the
ecology of the semi -arid woodlands with the economic requirements of
pastoralists, in determining the effectiveness of various management
strategies.

The SEESAW Model

SEESAW is a computer model designed to be run on IBM Personal Computers
and compatibles which may be used to evaluate the effects of changing
management strategies and property organization on animal production and
economic return. It is designed to answer questions such as:

(1)

(2)

What are the optimum stocking rates for a given property
for different seasons?
When are the critical periods when over- grazing and
landscape degradation may occur?
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When do structural changes occur in the vegetation (i.e.
pasture species drop out, shrubs become dominant, etc.)
due to over- grazing?

In its present form, the model simulates economic aspects of the
semi -arid woodlands pastoral industry at the property level and can be
used to investigate the effects of various economic decisions on
long -term property stability.

Modelling a Property

A property description is built up by selecting the appropriate options
from SEESAW menus. The property description consists of a range of
variables, divided into three types:

External (Environmental) Variables - those external to the
property, over which the property owner /manager has no effective
control. They can be considered to be part of the environment
under which the manager operates. Such variables include
climate, bank charges and policies and wool prices.

Property Variables - those dependent on the property, over which
the owner /manager may have some control. Management of the
property involves changing these variables, the effects of these
changes being modified by the higher -acting external variables.
Property variables include property size, number of paddocks and
enterprise type.

Paddock Variables - variables relating to the property at the
paddock level which are modified in response to external and
property variables. Variables such as number and distribution of
livestock fall into this category.

Once the property information is entered the model is set to run under
the control of the operator, who is asked to make management decisions
relating to the current settings of the system.

By using this model to simulate a large number of years under varying
management regimes, we will be able to assess the impact of specific

' management strategies on the long -term animal productive potential of
the semi -arid woodlands and predict the conditions under which soil and
plant degradation (and hence loss of animal production) occur.

References

Christian, K.R., Freer, M., Donnelly, J.R., Davidson, J.L. and
Armstrong, J.S. , 1978, Simulation of grazing systems, Centre for
Agricultural Publishing and Documentation, Wageningen, the
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Cottingham, I.R. , 1974, A Computer Model Simulating Extensive Beef
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KANGAROO - SHEEP COMPETITION ON A NATIVE PASTURE

Dr. T. H. Kirkpatrick
Chief Research Officer
Queensland National Parks and Wildlife Service
Hermitage Research Station
via Warwick, Qld. 4370

Sheep and kangaroos were grazed together in 2.5 ha enclosures
on an Aristida - Bothriochloa pasture at "Morgan Park ",
Warwick, in a trial designed to examine the significance of
grazing competition between the two. Sheep were all young
even -weight wethers, matched for fleece weights. Kangaroos
were eastern greys Macropus giganteus rounded up from the
population living at 'Morgan Park ".

The 12 enclosures were divided into three replications of
four treatments. The control plots carried 6 sheep, the
accepted carrying capacity for the pasture type. Treatments
were:- +2 kangaroos; +4 kangaroos; and +2 sheep.

Measurements taken were pasture present at commencement of
the trial (by "Botanel" analysis), sheep weights at 6- weekly
intervals, and plant species eaten (by faecal analysis) from
monthly samples. Wool production was measured at 12 months.

Preliminary results

Control sheep maintained weight into and during winter. Sheep
under heaviest competition lost condition, with maximum
recorded losses on August 6 of 2.4 kg ( +2 sheep) and 1.4 kg
( +4 roos). Sheep in the +2 roo pens gained only 0.1 kg, while
the control sheep had gained 4.8 kg.

Rainfall in late winter stimulated some pasture growth
allowing stock to maintain weight up to October. Following
good spring rain, all stock gained weight at the same
(presumably maximum possible) rate. Compared with the
original mean weight of 32.65 kg, mean weights at last
weighing (January 21, 1988) were:- control 47.25 kg; +2 roos

'42.6 kg; +2 sheep 40.8 kg; and +4 roos 39.9 kg.

Monthly dung samples are still being examined, but
preliminary examination confirms the common belief that grey
kangaroos have no preference for,dicots in the pasture (these
were present only in minor amounts however), while the sheep
probably did show a preference for them.

The bulk of the grazing available was grass, and the weight
data clearly demonstrate a significant effect attributable to
competition. While this was expected, the evident rapidity
with which the effect appeared (at the first weighing) was
not. It would appear (again inspection of prepared samples
confirms this) that the better grasses were competed for by
both sheep and kangaroos from an early stage. In all the
high- competition plots eucalypt suckers and seedlings were
heavily browsed, and the dung samples indicated that the
kangaroos had little if any part in this - it was confined
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virtually to the sheep.

Weight recovery since October indicates that competition in
the rapidly growing pastures following good rain is minimal.

Sheep were shorn on February 17, 1988, 12 months after the
trial began. Fleece weights are of course the most important
data from the project. Mean clean fleece weights were: -
control 3.1 kg; +2 roos 2.9 kg; +4 roos 2.7 kg; and +2 sheep
2.7 kg.

Full analysis of results should be available at the
Conference.



ANIMAL PRODUCTION AND PASTURE PERSISTANCE OF SOWN PASTURE ESTABLISHED ON
MULGA SOIL

A.J. Lewis and P.G. Filet,
Queensland Department of Primary Industries, Charleville. 4470

A plant introduction program commenced at Charleville in 1966 in an

attempt to find suitable pasture species that could persist in pulled
mulga (Acacia aneura) country. A number of grass and legume species were
identified as having potential, and were evaluated under intermittent
grazing. For the most promising species, a final evaluation under
continuous grazing was required.

Description of work

A cleared, cultivated, and fertilised (90 kg double superphosphate ha -1)
mulga site was sown in 1979 to the five grasses Cenchrus ciliaris cv
Biloela (Biloela buffel) , Q.. ciliaris Q10077, Anthephora pubescens,
Eragrostis curvula and a mixture of useful native mulga grasses, entailing
the genera Cymbopogon, Qigitaria, Enneapogen, Eragrostis, Monachather,
Panicum, Themeda, and Thryidolepis.

Stocking rate on the introduced pastures was 1 wether 1.25 ha -1, whilst
the native species mixes were grazed at 1 wether 1.25 ha -1 and 1 wether
2.5 ha -1. All pastures were grazed continuously the whole year.

To quantify the productivity of wethers grazing these introduced pastures
compared to that from the native pastures, sheep liveweight and wool
production (mid -side clipping) were measured every eight weeks in addition
to the annual shearing.

Pasture yield (double sampling technique) and pasture composition (wheel
point technique) were determined annually in autumn. The last recordings
were taken in 1987. Pastures were grazed from July 1981 until July 1987.

Results

Rainfall throughout the trial was variable and generally below average.
Only in 1986 and 1987 were average rainfall totals recorded.

Initial pasture establishment was poor due to the dry conditions,
consequently some pastures were resown in late 1981. The important
results were as follows:

1. Total pasture DM yield increased steadily in all treatments from an
average of 800 kg DM ha-1 in 1982 to 2000 kg DM ha -1 in 1987.

2. Pasture DM yields in 1982 were highest in the Biloela buffel (1350
kg DM ha -I) and E. curvula (1000 kg DM ha -1) treatments. In

subsequent years, these two pastures attained higher DM yields
compared to the other pastures.

3. Dry matter yields of the native pastures were generalTy lower than
that of the introduced pastures. In addition, little difference
between the two native pasture treatments were observed, except in
1984 when the low SR treatment had a higher DM yield than the high
SR treatments.

4. During the establishment and dry period of 1982 and 1983 the
proportion of bare ground ranged from 5 -30 %. However in following
years bare ground did not exceed 5 %.



168.

5. In 1982 and 1984 pasture forbs were more prolific than at other
periods, reaching a maximum of 38% relative abundance. Forbs
became less prevalent in the latter years as the perennial grass
component attained dominance (90 -95% relative abundance).

6. Biloela buffel was the only introduction that showed persistance,
with a final relative abundance of 28 %. E. curvula regenerated
very well in autumn 1983 from seed, after dying back in the dry
conditions of 1982 and achieved a final relative abundance of 16 %.

7. A. pubescens proved to be extremely palatable to stock and
kangaroos, and under this grazing pressure failed to persist after
1983.

8. A dominant perennial grass component of all treatments was the
Aristida spp. (mostly &. armata) . Initially the introduced
pastures restricted the Aristida spp. to an average relative
abundance of 40% in 1982. In the same year the Aristida spp. in
the native pastures attained 72 and 63% relative abundance in the
low and high SR respectively, and these proportions were maintained
for the remainder of the trial. By 1987 the Aristida spp. were the
dominant perennial grass component of all treatments. The Biloela
buffel pasture was the only treatment in which Aristida spp
remained below 50% relative abundance, and in which a trend of low
Aristida spp. relative abundance was recorded.

9. The annual greasy wool production head -1 was similar for all
treatments in each year. Production ranged from 3.9 to 6.1 kg
greasy wool head -1 in 1982 and 1987 respectively.

10. The animal live weight gain varied between years and seasons, but
there was no consistent difference between treatments. However,
during certain dry periods the Q. ciliaris Q10077, &. pubescens and
native high SR treatments were partially destocked to avoid heavy
liveweight losses.

11. Fleece contamination_ by Aristida spp. reached a maximum in 1987
with difficulties experienced in shearing due to masses of seed
embedded in the fleece.

' Conclusions

All treatments except Biloela buffel experienced poor establishment. Once
established only Biloela buffel showed some persistance and competitive
advantage over the Aristida spp.

The dominance attained by the Aristida spp. in all pastures not only
resulted in high levels of vegetative fault in fleeces, but also
restricted the establishment, persistence and potential of the sown
species.

Furthermore, the stock of the introduced pastures did not gain any
advantage in wool production or live weight in comparison to the stock on
the native pastures.

Acknowledgement

Financial support for the study was provided by the Wool Research Trust
Fund, on the recommendation of the Australian Wool Corporation.



169.

RESPONSE OF MÜLGA LANDS IN SOUTH WEST QUEENSLAND
TO EXCLOSURE

J.R. Mills, formerly Land Resources Branch, Queensland Department of Primary Industries.

Increased awareness of the effects and extent of land degradation in the mulga lands of south west Queensland has led

to debate over the ability of these lands to recover if areas are spelled from grazing by domestic livestock. The

influence of kangaroos on the recovery of areas being spelled is also unknown and is a potentially important factor which

needs investigating.

In 1981 two sets of exclosures were set up 15km south west of Charleville on Croxdale Field Station, with the objective

of providing data on the effect of destocking and kangaroo grazing on land condition. One set of exclosures (referred to

as the mulga site) were sited on hard mulga (Erac Land System) in fair condition with mulga trees spaced c 7m apart, and

little turkey bush (Eremophila gilesii) infestation. The other set (referred to as the Turkey Bush sites) were sited on

soft mulga (Norah Park Land System) in poor condition with moderate turkey bush infestation. Each site comprised three

contiguous plots, one exclosed with a 1.8m marsupial netting fence (no grazing), one exclosed with a 5 plain wire fence

(grazing by kangaroos, no grazing by sheep), and one unfenced plot (grazed by both sheep and kangaroos).

Data were collected from 500 step points on each plot. At each point four parameters were recorded; surface condition

(bare, litter, degree of sheet erosion), nearest plant (predominantly the relative abundance of annual species), nearest

perennial plant (relative abundance of perennial species), and canopy cover (canopy cover of shrubs and trees).

RESULTS AND DISCUSSION

Results are presented in Figures 1 - 8.

(i) Bare ground. Bare ground was highest for all sites during the severe drought in 1981 -82, decreased in the better

seasons of 1983-84 and increased again as conditions dried off in 1987. Bare ground was highest on the turkey bush sites

and lowest on the mulga sites. In 1987 bare ground was highest on the grazed plots of both sites, with the other two

plots from the turkey bush site recording similar values. Mulga leaf litter comprised most of the ground cover.

(ii) Erosion. The data show least increase in erosion on the exclosed and 5 wire mulga plots and greatest increase on the

grazed mulga and grazed turkey bush plots.

(iii) Turkey Bush cover. The three plots at the turkey bush site had the highest turkey bush canopy cover, and this

cover increased steadily over time. Cover was highest in the marsupial netting exciosure, possibly indicating some

grazing by sheep and kangaroos of the bushes outside this exclosure. Visual observations showed that the bushes inside

the marsupial exclosure were somewhat taller than those bushes outside at both sites. Cover remained low at <3% for the

mulga site plots throughout the period, despite an obvious increase in size of the bushes which germinated in 1978.

(iv) Wire grass. Relative abundance of wire grasses (mainly Aristida jerichoensis) was much higher on the mulga site than

the turkey bush site, with highest figures were recorded for the marsupial netting exclosure. At the turkey bush site the

grazed plot had the highest relative abundance of wire grass. These data possibly reflect the differences in grazing

pressure at the two sites, with the stock eating everything at the turkey bush site, but being more selective and able to

avoid wire grass at the mulga site. The relatively low occurrence of wire grass inside the turkey bush marsupial netting

exclosure may be due to lack of seed in the degraded plots.

(v) Purple Love grass. The relative abundance of Purple Love grass (Eragrostis lacunaria) increased from a nil recording

during the 1982 drought to a maximum in 1985 and declined towards 1987. This grass has been observed to be a pioneer

species on bare and eroded areas. This is supported by the low relative abundance in the marsupial netting exclosue of

the mulga site.

(vi) Mulga Mitchell. There-was a marked increase in the relative abundance of Mulga mitchell (Thyridolepis mitchelliana)

in the mulga site marsupial netting exclosure, and the greatest decrease was on the grazed and 5 wire plots at this site.

This is thought to be due to the grazing pressure of kangaroos which were frequently observed grazing at the mulga site.

Where lower grazing pressure from kangaroos and higher sheep grazing pressure was being exerted (turkey bush site, grazed

and 5 wire plots), relative abundance of mulga mitchell showed little change apart from seasonal variation.

(vii) Mulga oats. Increases in this species occurred at all sites but the grazed mulge site. Greatest increases occurred

in the mulga marsupial netting exclosure, a'xi the turkey bush marsupial netting and 5 wire exclosures. The smallest

increases were at the mulga grazed and 5 wire sites where highest grazing pressure from kangaroos was observed.

(viii) Silky Umbrella grass. Relative e.tundance of this species varied seasonally, with highest levels in the mulga

marsupial netting exciosure.

CONCLUSIONS

In the data gathered to date seasonal influences and site differences are responsible for most of the variations

observed in the 8 parameters examined. There are indications that for the more palatable species such as mulga mitchell,

mulga oats and silky umbrella grass, exclosure from all grazing resulted in greater relative abundance of these species.

Exclosure (from sheep only) with the 5 wire fence appeared to produce some differences in species relative abundance at

the mulga site. Generally the mulga site which was in fair condition remained in this state and the turkey bush site in

degraded condition showed only minor signs of an improvement inside the two exclosed areas. The lack of any quick

response to complete or partial spelling from grazing indicates that major emphasis needs to be placed on prevention of

degradation, and that in degraded areas complete removal of grazing animals is not necessarily of immediate benefit.
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INCREASING SHEEP PRODUCTIVITY AND PROFITABILITY BY USING GOATS TO
CONTROL SHRUB ENCROACHMENT IN THE WESTERN DIVISION OF NEW SOUTH WALES.

Susan Muir, Department of Agriculture, Cobar, NSW, 2835.

INTRODUCTION

Shrub encroachment is one of the most serious problems facing graziers
in western New South Wales because it reduces carrying capacity and
hinders livestock husbandry. Different strategies that have been
considered in an attempt to control this problem include burning,
mechanical clearing of shrubs, chemical treatments or the use of goats.

Previous work in a Eucalyptus populnea (poplar box) woodland on hard -
red soils in western New South Wales concluded that goats were
unsuitable for controlling shrubs. This conclusion was based on the
heavy stocking rates necessary to achieve shrub damage, the limited
herbaceous response, the low reproductive rate of goats at heavy
stocking rates, the presence of inedible shrubs eg. Eremophila, and the
high cost of fencing (Harrington 1979).

In other environments, however, goats have shown potential to reduce
shrub biomass and improve herbaceous production (Green 1983, Davies and
Mitchell 1984). Electric fencing has significantly reduced the capital
costs of fencing. Other grazing strategies such as applying a lighter
goat stocking rate over an extended period may successfully control
shrubs while generating income from meat and fibre products.

The current work is located in sandy country suffering Dodonaea
attenuata (narrowleaf hopbush) encroachment, which is a species known
to be eaten by goats. In this environment, the use of goats to control
shrubs is an option requiring consideration.

AIMS

1. To study the changes in shrub density and pasture production of a
D. attenuata shrub encroached community grazed by goats.

a) To monitor the effect of goat grazing strategies on the shrub,
grass and forb components of the vegetation.

b) To determine if utilising - goáts to control shrubs will
subsequently improve sheep production.

2. To study the effect of several sheep grazing pressures on the
vegetation.

3. To examine the long term profitability of a sheep production
enterprise that utilises goats to control shrub encroachment..

EXPERIMENTAL DESIGN

The experiment is divided into two stages to address the major aims of
this work. Stage 1 will assess the effect of several goat stocking
strategies on woodlands encroached by D. attenuata. Stage 2 will study
the response of sheep production in woodland communities that have been
previously modified by goats.

Treatments allocated to each Stage are described in Table 1.



TREATMENT B C D E F G H

STAGE 1 - GOATS - - L L M M H H
Approx. numbers 0 0 15 15 20 20 25 25

STAGE I - SHEEP M H - - - - - -
Approx. numbers 10 15 0 0 .0 0 0 0

STAGE 2 - SHEEP M H M H M H M H
Approx. numbers 10 15 10 15 10 15 10 15

TABLE 1: Treatments in Stage 1 and Stage 2 of the experiment where
L, M, H = "Low ", "Medium" or "High" stocking rates.

SITE DESCRIPTION

The 900 ha experimental site is situated in an Acacia / Eucalyptus
woodland on soft -red soils at "Lynwood ", 130 km northwest of Cobar, and
consists of sixteen 50 ha plots. This area has a history of grazing by
sheep. The overstorey is dominated by Eucalyptus intertexta (red box) ,
Acacia excelsa (ironwood), Callitris columellarss (white cypress pine)
and scattered A. apeura (mulga). The shrub layer consists primarily of
D. attenuata (hopbush) with some Eremophila sturtil (turpentine),
Duboisia hopwoodii (pituri) and Cassia nemophila (punty) . Dominant
perennial herbaceous species are Aristi da spp (wiregrasses) and
Eragros tis eri opoda (woo l lybut t) on the dunes and Scl erol aena dí acan tha
(grey copperburr) in the swales.

DATA COLLECTION

Vegetation: Estimates of plant density, biomass and species composition
indicate vegetation changes attributable to grazing. Shrub measurements
are taken every six months and the herbaceous component estimated every
three months to monitor vegetative responses.

Animals: Bodyweights and fat scores of wether sheep and goats are taken
every two months. Wool production characteristics are measured after
shearing. Cashmere production is based on measurements of fibre length.

Data on animal production will be used in an economic analysis to
assess the profitability of goats in comparisons with normal sheep
grazing or other shrub control strategies:
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THE SPATIAL DISTRIBUTION AND ABUNDANCE OF TERMITE NESTS IN A SEMI -ARID
MULGA (ACACIA ANEURA F. MUELL. EX BENTH. ) WOODLAND IN EASTERN AUSTRALIA

James C. Noblea, Peter J. Diggleb and Walter G. Whitfordc

aCSIRO Division of Wildlife and Ecology, Rangelands Research Centre,
Private Bag, P.O., Deniliquin, N.S.W. 2710, Australia

bCSIRO Division of Mathematics and Statistics, P.O. Box 1965, Canberra
City, A.C.T. 2601, Australia

CDepartment of Biology, Box 3AF, New Mexico State University, Las
Cruces, NM 88003, U.S.A.

Invertebrates within semi -arid rangelands have, until recently, been
greatly underrated as herbivores and as agents of soil development.
Termites are among the most abundant soil invertebrates in arid and
semi -arid ecosystems and are known to be key animals in some ecosystems
(Whitford et al. 1982). Harvester termites in particular may consume
large amounts of herbage. Studies by Watson et al. (1973) in central
Australian mulga lands suggest that the biomass of harvester termites
may be comparable with that of domestic livestock, i.e. c. 10 -15 kg
liveweight /ha. Watson (unpublished) claims that mount -building harvester
termites alone could amount for around 100 kg /ha dry weight of herbage
annually excluding subterranean harvester and other termites which would
also add to this total.

The significance of termites in regulating nutrient and water relations
for plant growth in .Australia is inadequately known. In southwest
Queensland, Watson and Gay (1970) found that pavement nests built by the
harvester species Drepanotermes perniger and D. rubriceps could reach
densities of 350 ha-' covering up to 209; of the ground surface.
Nonetheless during their lifetime, these pavement mounds have a
significant influence in modifying herbage growth over large areas by
redistributing water and nutrients thereby possibly favouring herbage
growth in areas adjacent to these bare nests. The wood -feeding termites
are also responsible for turning over large quantities of soil during
the decomposition of dead wood, especially dead mulga trees.

As part of a multi -disciplinary research program aimed at developing
.

improved management strategies for semi -arid woodlands in Australia,
preliminary studies were undertaken to character*ze the spatial patterns
of both pavement and log -hummock termite nests. A detailed spatial
analysis of these nests was undertaken using a sparse sampling procedure
known as T- square sampling (Besag and Gleaves 1973) to determine: (1)

whether or not there was small -scale aggregation or regularity; (2)
whether there was variation in local intensity over the study area; and
(3) whether there was any association between intensity and local
vegetation.

Analysis of the data collected on the pavemeTA nests of harvester
termites produced strong evidence of slight regularity in the
small -scale spatial pattern of nests. The estimated total number of
pavement nests in the 300 -ha study site was 11,500 with 9530 confidence
limits of 10,500 and 12,800. There was substantial variation in local
intensity of harvester termite nests ranging from 30 to 100 nests per
hectare, the lowest intensity being associated with mulga groves which
are major run -on sites following episodic rainfall events. Pavement
nests in different surface condition classes appeared not to be randomly



intermingled, limiting the extent to which the relative frequencies of
different classes in the data can be assumed to be representative of
relative frequencies in the population.

There was strong evidence of aggregation in the small -scale spatial
pattern of log-hummock nests of xylophagous termites. The estimated
number of log -hummock nests was 27,500 with 95% confidence limits of
25,300 and 30,100. The distribution of development classes of
log- hummock nests were similar in ecotonal and mulga grove habitats,
with a somewhat different distribution in the intergrove habitat where
soil hummock development was most pronounced.
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Practical decision -making:
paddock design, economics and land degradation.

D.M.Stafford Smith and B.D.Foran,
CSIRO Division of Wildlife and Ecology,
P.O.Box 2111, Alice Springs, NT 5750.

Paddock design may be low on the priorities of
many managers; but it is at the level of the paddock
that animal productivity in Australia's rangelands is
ultimately determined. Bad paddock design can
contribute to direct economic costs, indirect costs
through lowered animal productivity, and to long -term
land degradation. There is a complex array of factors
that pastoral managers must face in reconciling these
problems. These include: the way in which land types
should be divided between paddocks; location of waters
and fences to ensure optimal access to feed, and minimal
degradation; the economics of fencing and re- fencing;
and fire and wild animal management.

Figure 1.
Key steps and considerations in the design of a paddock.

RESOURCES available
(e.g. land area, veg.types, water, labour)

General constraints
(e.g. type of enterprise, other paddocks)

(new or existing paddock ?)

STRATEGY for paddock
(e.g. fattening, breeding, young animals)

Management requirements
(e.g. yards, access, feedtypes, drought)

TACTICS for actual design...

WATERS

-source
-longevity
-quality
-location
-numbers

...etc

FENCES YARDS SHELTER LICKS

design location location Liocation
location access type
...etc ..etc ...etc

...etc

...etc



Fig.1 presents a simplified summary of a decision
structure, which we have developed as part of CSIRO's
RANGEPACK project to help managers with these
complexities. RANGEPACK is aimed at producing tools to
help with decision -making in pastoral land management,
based on micro -computers where relevant. The manager
is quite capable of handling most parts of this paddock -
design design structure, such as the choice of wire
gauge. However, there are some factors which are
awkward to calculate (eg. rates of water usage in
relation to evaporation, pipe sizes and salinity), or
patterns which are difficult to visualise, with which a
computer can help.

One of these is the mean long -term distribution of
animals in a paddock of a particular design (Pickup and
Stafford Smith 1987). This is a situation where 'a
fair use' is very likely to result in a 'fairer go':
uneven paddock use can substantially reduce the
productivity available from a paddock, since feed is
wasted (to the detriment of the pastoralist), and in the
longer -term may cause land degradation (to the detriment
of both pastoralist and society). A RANGEPACK module
called 'Paddock' can assist with this aspect of planning
by using known information about sheep (and cattle)
distributions in large pastoral -zone paddocks, in
relation to waterpoint locations and other features.
Alternative developments in a paddock can readily be
tested. 'Paddock' runs on any IBM -compatible, and will
be on display with this poster.

Reference: Pickup, G., & Stafford Smith D.M. (1987)
Integrating models of soil dynamics, animal behaviour
and vegetation response for the management of arid
lands. Austr.Geog.18:19 -23
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EFFECT OF POLYETHYLENE GLYCOL:TANNIN RATIO ON DRY MATTER INTAKE AND
DIGESTIBILITY OF MULGA LEAF BY STEERS

D.B. Strachan *, D.A. Pritchard *, M.R. Clarke *, and P.K. O'Rourke **

Introduction

Mulga (Acacia aneura) covers 1.5 m sq km in semi -arid Australia where it
is often the only fodder available to cattle. Although it contains 10 to
15% crude protein, apparent nitrogen digestibility is only 30 to 40%
(McMen i man at ad., 1981) . As such mulga can only be regarded as a

maintenance ration.

Gartner and Hurwood (1976) suggested that protein in mulga was
unavailable to the animal due to binding by tannins. Polyethylene glycol
(PEG) has the ability to displace the protein from the tannin in mulga and
thus increase protein availability. Tannins in mulga have been identified
as condensed tannins (CT) (Pritchard ?:,s.1, 1988).

This experiment examined the effect of PEG : tannin ratios on dry matter
intake and digestibility of mulga leaf by steers.

Materials and Methods

Eight 12 months old Hereford steers (mean liveweight of 137 ± 6kg (± SEM))
were placed in individual metabolism cages at the Charleville Pastoral
Laboratory, south west Queensland and fitted with faecal and urinal
collection harnesses. The experimental design was a 4 x 4 latin square
with all animals receiving freshly cut mulga leaf ad libitum plus one of
the following treatments daily;

Treatment Diet

Control minerals (7.5 g N, 5.5 g P, 5.0 g S)
0.5 : 1 minerals + 1 PEG (0.5 g PEG : 1 g tannin)
1.0 : 1 minerals + 2 PEG (1.0 g PEG : 1 g tannin)
2.0 : 1 minerals + 3 PEG (2.0 g PEG : 1 g tannin)

The mineral supplement was prepared by mixing monosodium phosphate, urea,
sulphate of ammonia and water and decanting the supernatant. PEG
(molecular weight 4000) was mixed with water and administered with the
minerals as an oral drench. PEG levels were determined from individual
dry matter intakes of the previous day and a CT content of 60 g /kg DM
determined on mulga leaf at the beginning of the experiment.

Each experimental phase consisted of a 10 day adaption period followed by
a seven day collection period. At the end of each phase, animals were
returned to a buffel grass pasture (5% crude protein) for 10 days before
being returned to the next treatment in the sequence.

Results

Increasing PEG:tannin ratios to 1:1 (g /g) significantly increased dry
matter intakes (P <0.05) but had no significant effect on digestibility
(table 1).

Qld Department of Primary Industries, PO Box 282, Charleville, 4470
** Qld Department of Primary Industries, GPO Box 46, Brisbane, 4001
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Table 1 Effect of feeding different PEG : tannin ratios on day matter
intake (DMI) and digestibility (D) of mulga fed steers

Treatment DMI (kg/d) D (%)

Control 1.99 a+ 48.9a
0.5:1 2.31 b 48.4a
1.0:1 2.63 c 50.5a
2.0:1 2.60 be 49.4a
(SE) (0.103) (0.979)

+ Means within columns with different superscripts differ (P<0.05)

Discussion

This study has demonstrated that the inclusion of PEG in an NPS supplement
for cattle consuming mulga will greatly enhance dry matter intake without
affecting digestibility. Since intake is a function of digestibility and
rate of passage through the digestive tract'(Blaxter et al. 1961), the PEG
obviously increased rate of rumen turnover. This may be a function of
increased availability of rumen degradable nitrogen or an increased
quantity of protein available for absorption post ruminally (Egan 1965).

Stability of the CT- protein complex is strongly pH dependent (Jones and
Mangan, 1977) . These complexes should be stable in the rumen (pH 5.8 to
6.8) but soluble in the abomasum (pH 2.5 to 3.5) and small intestine (pH
7.8 to 8.5) (Barry and Manley, 1984). In view of the responses obtained,
it would seem that the most likely action of PEG is to preferentially bind
with CT in the abomasum or small intestine, with a resultant increase in
protein absorption.

Increases in the utilisation of protein were recorded when sheep eating
mulga were drenched with PEG, however these changes were not paralleled by
an improvement in energy status (D.A. Pritchard, unpublished data). This
suggests that in the presence of PEG, productivity of animals consuming
mulga may be further improved by providing additional energy.

Unfortunately the quantities of PEG us-ed in this experiment and its
current cost preclude its use as a commercial supplement. However,
present studies are being directed at determining responses to lower
levels of PEG when additional energy is provided. These responses may be
seen not only in improved growth rates of cattle grazing mulga and other
tannin containing browse, but also reflected in decreased mortalities
which can be very high in the recurring droughts of inland Australia.
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MULGA WOODLANDS: RESTORATION OF DEGRADED LANDSCAPES

D.J. Tongway and J.A. Ludwig,

CSIRO Division of Wildlife and Ecology,
Deniliquin N.S.W. 2710

WOODLAND LANDSCAPES

In a study of the soil and vegetation resources of a grazing trial area
on "Lake Mere" station, near Louth NSW, we observed a distinctive
pattern comprising bands of mulga in a grove-intergrove arrangement.
Most grass species also reflect this pattern in their areal distribution
and abundance. We deduced that the pattern was due to subtle changes in
slope, so that some parts of the landscape tended to shed water, soil
and nutrients (intergroves), whereas other parts tended to intercept and
accumulate these resources (groves). Other features of this system are
that: (1) the grove -interception zones are inclined to slowly move
upslope, due to deposition on their upslope sides, (2) this patterning
constitutes an economical or conservative use of excess rainfall, and
(3) soil biological activity is greatly enhanced in the groves.

THEORY

The system conforms to theoretical predictions of productivity in
regions where rainfall is below 500 mm. This theory predicts that
productivity of a given area is enhanced if the limiting resources of
water and nutrients are concentrated in patches rather than uniformly
distributed across the whole area.

A close inspection of the surface soil of the study area indicated that
there had not been any accelerated erosion due to activities of domestic
animals, and so the processes which gave the area its productivity and
stability were operating as they had done prior to settlement.

Inspection of similar landscapes nearer to permanent water, and on the
upwind side of the paddock, (where sheep might be expected to
concentrate their activities) revealed remnants of grove -intergrove
systems which had ceased to function as such, probably as a result of a
change in surface hydrology and erosion. Indeed, most sites,
irrespective of soil type or vegetation, deemed to be degraded are
characterised by the dispersal or loss of fertile soil and litter and
ineffective use of run -off water prior to that water entering drainage
systems.

PROPOSED RESEARCH

Our proposal for the restoration of degraded country therefore is to try
to re- create all the conditions needed for self- sustaining fertile
patches. The criteria are: the capacity to infiltrate and store water
running into the patch, the capture cf wind -blown litter and soil
material, and lack of disturbance by grazing animals. We plan to fell
mulga trees in small thickets, orient their trunks on the contour, and
keep their branch system intact. Soil properties at the time of
establishment will be measured, representing infiltration, fertility and
intrinsic biological activity. Sub -treatments will involve basal
applications of nutrients and /or litter, to see whether these treatments
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speed the response of the thickets or not. We recognise that restoration
is largely dependent on the appropriate climatic sequence coming, so the
thickets will be monitored after major rainfall events, and the soil
properties re- measured when a response occurs.
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MULGA LOG MOUNDS: FERTILE PATCHES IN SEMI -ARID WOODLANDS

D.J. Tongway, J.A. Ludwig and W.G. Whitford

CSIRO Division of Wildlife and Ecology,
Deniliquin N.S.W. 2710

INTRODUCTION

During the process of studying soil and vegetation patterns on Lake Mere
Station, near Louth NSW, we noted that fallen mulga trees had developed
pronounced mounds of soil about their trunks. Closer inspection revealed
that the mulga logs were being consumed by at least two species of
termites whose foraging gallery material was present both on the outside
of the log and in "pipes" inside the log. We also noted that vegetation
on the log -mound had a much higher biomass per unit area and a greater
diversity of herbage species. Cross -sections of the log -mound indicated
a high degree of biological activity in terms of biopores, galleries and
cavities made by termites, arthropods and lizards.

RESULTS

Measurement of some properties of mound soil and surrounding soil
indicated that the mound soil had higher water infiltration rates and
contained significantly larger amounts of nitrogen and organic carbon
and phosphate than surrounding soil (Fig. 1). Grain -size analysis showed
that the mound -soil more resembled the termite gallery material than
surrounding soil, implying that mound accretion is a largely biological
process, though aeolian accessions no doubt occur as well.

CONCLUSION

We suggest that log mounds comprise "fertile patches" in this landscape
and may well operate as refugia for a range of animals, plants and seeds
at times of environmental stress. These log- mounds may number 100 per
ha, so they may well play an important role in the productivity and
stability of these lands.
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THE QDPI'S CLIMATE DATA BANK

By Jacki Willcocks *, and Peter Lloyd **

* pasture Management Branch, QDPI, Mineral House, Brisbane

** Agriculture Branch, QDPI, Mineral House, Brisbane

Since its foundation in 1887, the Qld Department of Primary Industries
has had a vital interest in Queensland's climate and how it affects
agriculture. By 1985 most of the data presently maintained had been
accumulated by departmental researchers. Since 1986 a suite of programs
has been written to increase the accessibility of the data to other
officers. Today, a user logs onto the Department's VAX computer and
types "climate ". This brings up the main menu (figure 1). the umbrella
program which calls other programs to access and present the data onto
the screen or into a storage file.

CLIMATE DATA BANK ACCESS
31st July 1987

Welcome to the QDPI's Climate Data Bank on the VAX computer at
Toowoomba. The bank has been assembled by the Climate Data Bank Group.
Any enquiries, please phone Jacki Willcocks 07 224 4172, otherwise,
complaints to Greg McKeon 071 61 1602; flowers to Peter Lloyd
07 224 4044. Select any of the following options by typing the
appropriate number and pressing the RETURN key.

+++++++++++++++++ + + + + + + + + + + + + + + + + + + + + + + + + + + + + + ++

NOT ALL OPTIONS ARE AVAILABLE
1 Exit and return to VAX operating system.
2 Documentation on available data.
3 What data is available for my location?
4 Monthly decile rainfall analysis i.e. RAINLOVER.
5 Obtain daily rainfall data for selected rainfall stations.
6 Obtain monthly rainfall data records for a station.
7 Other rainfall probability analyses for selected stations.
8 Obtain climate data for selected data.
9 Climate Analysés for selected stations.

Please be patient in waiting for response

Figure 1: Main Menu
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Option 2 explains the use of the climate data base and gives information
about each option. Option 3 searches the main directory, derived from
the Bureau of Meteorology surface dictionary, for nearby stations and
what data is available for them. It also gives details of a station
from a Bureau of Met number. Option 4, called ' RAINLOVER' converts
Bureau of Met's deciles into a probability table for easier
interpretation. The deciles for all telegraphic stations in Qld were
purchased from the Bureau of Met. RAINLOVER is used by extension
officers and research scientists.

Daily rainfall data is available for 90 stations in Qld and can be
accessed through option 5. The data came from the Qld Water Resources
Commission. It is used in daily and weekly water balance models and for
agroclimatic analyses. Within Option 5, users can choose from
suboptions giving data quality, actual data, or both data and quality.
Option 6 presents monthly rainfall and a rainfall summary including
means, medians, highest and lowest rainfall. It accesses a file with
monthly rainfall for all stations in Qld which was purchased from the
Bureau of Met. This data is used by extension officers and research
scientists in water balance models where daily rainfall is missing, and
in agroclimatic analyses. Option 7 has two suboptions. One suboption
splits summer and winter rainfalls, displaying years of above and below
average rainfall for summer, winter and annually. It uses monthly
rainfall data in calculations. Option 8 offers a choice of Bureau of
Met climatic monthly averages or AUSTCLIM weekly means. The climatic
averages data were purchased from the Bureau of Met. These are used as
a source of basic reference data. AUSTCLIM data was purchased from
CSIRO for use in plant growth models where daily data is not available.

Users who are more familiar with the computer system can copy files onto
their own area. This is the only access to daily climate files, as they
cannot be accessed through the main menu. There are 5 daily climate
stations with records longer than 50 years. These were produced by a
departmental researcher from Bureau of Met records and are used for
simulation studies requiring long term records. Daily climate data was
purchased from the Bureau of Met for an additional 13 stations. The
daily climate data is used for the development and validation of QDPI
models against experimental data.

The files are updated in various ways. The surface dictionary, deciles,
monthly rainfall and climatic averages files are totally replaced by
puchasing the updated files from the Bureau of Met every 2 -5 years.
Daily rainfall records are updated by copying the data onto paper from
the Bureau of Met and typing them into the VAX computer.

This is the first time data relevant to Qld agriculture has been brought
together into one data bank. It is not comprehensive, but special
features are its long term daily climate in computer compatible form,
the directory in the main menu and search subroutines in the programs,
RAINLOVER converting deciles into probability tables, and its easy
access and user friendliness.
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Economics of Wildlife/Pest Management on Pastoral Properties.

N.D. MacLeod.
C . S . I . R . O. Division of Wildlife and Ecology,
Deniliquin, N.S.W.

This paper briefly develops a simple economic model of stocking .rate
optimisation when wildlife /pest species are present. The structure and
elerr n ta of the model are examined in the course of canvassing some issues
relevant to private and social . decision making for wildlife/pest management.

1. Introduction.

The economic performance of rangelands grazing enterprises is significantly
affected by a variety of decisions and actions taken by managers. Important
amongst these are the types of livestock enterprises conducted; the stocking
rate selected: and management of native wildlife anal /or pest species that may
impact on the productivity of the livestock.1

Enterprise selection (eg. sheep, cattle) is largely based on relative product
prices, input costs, environmental suitability, and personal preferences. Once
selected a profit maximising manager would determine optimum stocking rates by
applying price and cost data to the physical relationship between stock
numbers carried and total production per hectare.2 .

While knowledge of the stocking rate /livestock production relationship is
incomplete for many grazing situations, it is generally accepted that, beyond
some level of stocking rate, a tradeoff occurs between gains from additional
animals and losses in average productivity of the stock already present
(eg. Jones and Sandland 1974, Wilson 1986).

For most extensive grazing regions, the stocking rate /production relationship.
is further compounded by the presence á ldlifeloesi_ vecies, Such presence
will usually raise the 'effective stocking rate' and reduce average
productivity per domestic animal carried as numbers of the wildlife /pest
species increase. Therefore, optimal stock management is no longer a simple
function of establishing stocking rates that maximise returns from saleable
livestock produce. It will simultaneously have to account for the species of
wildlife /pests present, their numbers and the nature of the competitive
interaction with the domestic livestock. A further consideration is the degree
to which control of the wildlife /pest species is economically feasible and
whether or not the species has a commercial value that can be appropriated by
the property manager.

Finally, at the broader societal level, some consideration may be necessary of
the degree to which 'management' of a wildlife /pest species is socially
desirable. For example, other community groups may place different values on
the presence or absence of a wildlife /pest species and accordingly seek a
different level of management to that of private landholders. Related issues
are the incidence of benefits and costs of wildlife /control and policy
instruments through which a social optimum level of management might be
achieved. O

(i) Different native wildlife species (eg. kangaroos /dingoes) and pest species
(eg. rabbits, goats, pigs) which compete with domestic stock for herbage,
water and other amenities are collectively referred to as 'wildlife /pest
species'.

(2) The actual decision problem is more complex, involving joint products,
quality differentials, risk etc.



2. Private Wildlife/Pest Management Optima

The private optimisation problem is to find a stocking rate for each of the
livestock enterprises selected and a density of each of the wildlife /pest
species present, given market prices and control costs that will maximise the
net profit per hectare. Mathematically, this equates to simultaneously finding
values for Xj and Wi that maximises the profit function 'n where:

Tn n Tn n TR

n = 2{Plj[(aj-EdijWi-EekjXk)Xj-(bj-EfijWi-EgkjXk)Xj2]-[CIjXj+C2j]} (1)
j=1 1=1 k=1 i=1 k=1

n
+E{(P2i-C3i)(hiWi-miWi2)-C40
1=1

(2)

and; n = net profit per hectare
xi = stocking rate livestock type j, j =1,.k..m
Wi = density wildlife /pest type i, i =1,....n
Plj= per unit output price livestock type j
P2i= per unit output price wildlife /pest type i
Clj= variable cost per head livestock type j
C2 j= fixed cost per hectare livestock-type j
C3i= variable harvest /control cost per head wildlife /pest type i
C4i= fixed harvest /control cost per hectare wildlife /pest type i
aj,bj,dij,ekj,fij,gkj= fixed parameters of stock rate /production rel.

= fixed parameters of wildlife /pest spp population growth rel.

where: (1) = total net revenue from each livestock enterprise - given the
presence of each wi dlife /pest spp and any interaction between
different livestock types.

(2) = total net revenue from harvest of each wildlife /pest spp

Each of these components is briefly considered in the following sections.

2.1 Total Net Revenue Per Hectare From Livestock Production

The total net revenue x stocking rate component is a variant of an economic
model detailed elsewhere (MacLeod forthcoming), based on the stocking rate
model of Jones and Sandland (1974). The case for one livestock enterprise
(m=1, k =0) and one wildlife /pest, species (i =1) is illustrated in Figure 1.

Net Return
(Livestock)

per Ha.

(s) Total Coat

Stocking Rato (X)

P igure. 1: Total Ntet (Livestock) Revenue Per Hectare.



The maximum net livestock revenue per hectare occurs, for a given
wildlife /pest density, at the stocking rate giving the greatest difference
between total revenue and total cost.3 For example, at wildlife /pest density
W i. , the maximum net revenue (it i.) occurs at stocking rate Xi. As wildlife/pest
density increases to W2, the optimum stocking rate falls to X2 giving a lower
maximum net revenue (n2). The net revenue difference (ni-n2) represents the
maximum direct income loss from an increasing density of wildlife /pest(s)
present.

The optimum stocking rate will also change directly with changes in the value
of livestock products (Plj) and production costs (Clj,C2j). For example, an
increase(decrease) in product price, or a decrease(increase) in input costs
will increase(decrease) the economic optimum stocking rate.

2.2 Total Net Revenue Per Hectare From Wildlife/Pest Management

In the absence of economic control measures, the profit seeking manager would
have accept the presence of the wildlife4g st(s) and associated income
loss (iti -it2) an a just i jng rates accordingly. However, when some degree
of control is available, the optimum stocking rate and wildlife /pest
density must be adjusted to account for the tradeoff between livestock income
loss foregone and wildlife /pest control costs. Control strategies will be
even more attractive if the wildlife /pest(s) have an alienable commercial
value (P2i >O) whereby income from the sale of wildlife /pest produce enters
the profit equation.

The total net revenue from wildlife /pest management component is based on a
variant of a commonly used population growth model (eg Schaefer 1954) as
adapted by Tisdell (1977). This model (Figure 2a) assumes that the growth of a
wildlife /pest population is functionally related to the number of the species
present between limits of zero population (Wo) and some maximum (W *).

Population

bsrowth

w

Population Size (W)
wz

Not Roturn
(Wildlife))

per Ha.
(s)

Population Sizo (W)

(a) Wildlife /Pest Growth (b) Case With Positive Returns
Figure 2: Total Net (Wildlife /Pest) Revenue Per Hectare.

Holding the wildlife /pest population to some level Wi requires annual removal
of Ri. individuals. Population W2 equates to the maximum sustainable yield R2
requiring the largest annual removal of individuals relative to any other
opulation level. The actual net revenue relationship for the wildlife /pest

c mponent will depend on the relativity between revenue from wildlife /pest
nroduce(F2i). fìxed(C3i) and direct(C4i) harvest control costs, population
growth(Ri.) and the opportunity income loss from the livestock enterprise
(7t1- 7t2).-

3.'"his equates to the micro-economic optimisation principle of equating
+nar5irl,al cost to marinal revenue as an additional unit of livestock is added.
4. The ,:)Z1Ce-r't Í cost of reducing an initial 1.2r,mallas-fed t-.> the annual
:ii:rtrla:?.rd population level should also enter the 1YjT iT(Ii::.aYT1Ñ



For example, one case where per unit wildlife /pest produce revenue exceeds
direct harvest cost (P2 i >C3 i) is shown in Figure 2b . The wildlife /pest species
has an economic value in its own right within the population ranges W3 to W4.
The maximum net return from wildlife /pest management (ßt3) occurs at population
W2 if no account is taken of the income loss from the livestock enterprise.
Movement away from W2 (eg to W1.) will be worthwhile so long as the reduction
in wildlife net revenue (7t3 -7t4) is less than the gain in livestock net revenue
(n2-R1). For, cases where direct costs of control exceed any revenue from
wildlife /pest produce the tradeoff is simply between the net control cost and
livestock income gain.

3. Social Wildlife/Pest Management Optima

Private optimisation strategies for wildlife /pest management will not
necessarily yield optimum net 'social' benefits (Mishan 1975). Several sources
of market failure can occur, particularly in cases where the wildlife /pest
species is mobile; the rights to its harvest /conservation are not strictly
alienable and /or it has unpriced conservation values to other members of the
community. While the resolution of such issues is beyond the scope of the
present paper, several points can be made within the context of the simple
economic model.

For example, socia] optimum levels o wildlife /pest management might j
approached via manipu ation of several model par nste including; th price_
of live a_k roduce and or rftpuc ' on o , thrice of wildlife /pest
produce and effective control costs. Each has an impact on the relative
profitability of livestock production and wildlife /pest management and hence
level of private control undertaken. Subsidies and /or taxes in isolation or
combination could be invoked to achieve coincidence in private and social
optima. Similarly, the opportunity cost to private managers can be evaluated
for different public policies concerning wildlife /pest mangement or allocation
of property rights for exploitation /conservation of such species. Finally, the
model could be used to e wildlife /pest management levels
o private versus group versus public control strategies, particularly w7-
species s are mobile and/or economies of size apply in control.
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