Proceedings o the 19tk Anmial Conference of the Grasstnd Seaery of NAW I 0

Managing the pasture phase as a high value crop

- H. MeCormick

NSW Agrculiure, PO Box 71 Moty NSW 2344

Abstract. Pastures do not Juok profitable when rated against high walue crops grown in the best

viehding paddocks. However, pastures are usually sown at the end of cropping phase so should be

compared with the value of cropsan low vielding paddicks

I adddivion High valoe grivang, pastures can have many tangble benefies to the feming svstem that

are not vidued. Pastures may UnProve s il fervbiny, increase orgame matter, conteol weeds, lower the

watertable, improve sail health and control crosion

Latest rechnologes and aprononic advice are wsed 1nen PP, bt 11 pastures were ntanaged as o
high value crop, hipher levels of performance can be expecred.

Introduction

Pastures in farpung svstems or pasture leys are nit
new to agriculture, For centunes this svstem has heen
the traditional management for sustunable farming
(Wesron er gl 20000, *A susrainable svsrem s
conventinmilly defined as one which meets the necds
of the present generanon without prejudicing the
capacity of fumre generations 1o mweet their own
needs” (Humphreys 1991,

In termnperate farmung regrons, pasoure fevs have been
wiell zcc.r:prcd‘ but as farming has spread west and
north inte more rropical regions the pracee has nor
been as widely adopred. This could be because
pastures are not viewed as profitable as crops, alack
of infrastructure, or inidal acempts have failed.

The most important contribution pastures can make
to farming is to slow the rare of fernlity decline, as
difiied by the lriss of soil onganic marter: Loss of
stganic matter results i hrwer soil morate levels, loss
of soil strucrure, poor water infiltration and reduced
sotl microbial acuviy,

Pasture and cropping legumes accumulate nirrogen
(N; Crocker and Collerr 20003}, bt the eomtribution
by grain lepumes is smaller in comparison (Wylie and
Clarke 1992). Pastures in our vadable envirenment
stHll remain one of the more efficient wavs of
supplying N to crops and increasing graimn protemn of
wheat (Wilie 1996, Roesner 1998). Annual dryland
lucerne production of 7-9 t/ha of dry macter added

140 ke N ha veon black soil and 110 ke of % /hay
vroon red sool (Llolford T9800 Across 1 number wf
experiments, Welie (1996) u!gm:hu'ti aecumealatiom
of N trom lucerne runged from BtE140 ke N /ha/
vear where condinons were favourable, while annual
legume crops delivered less ™ oto the svsrem
{3-25kz N/ ha).

Pasture phases contammg both legumes and perenaial
grasses mmke 3 bigger coneriliution o/ toml dey matter
than legumes-only and 4 greater contnbution to soil
orgamic matier. They also have the porennal w
mantan higher ground cover levels, Grass pastures
and mixtures with legumes accumulate organic maner
when they are not over grazed. When soil organic
matrer 15 reduced the soill particles are less stable and
surface scaling increases bmiting water infiltration and
craop grivwth (Whirhread ef 2l 1996). Unstable
aggregares are mare easily eroded.

There are many other ngible benefits from pastures,
including a sigmificant reducnon m annoal weeds and
reduced inadence of herbrcide reststant weeds, Black
cat numbers were significanty reduced to <1 plant/
o', under a 3-vear pasture phase of grazing lucerne
as compared 1o the 17,5 plints/m’, under 3 vers of
wheat (McDonald e of 1998, Herbiade resistance
i+ very much a problem in northern NSW. In seed
from wild nar populinons supplied by farmers, 42%
showed resistance to Grooup A herbieides (CFDonnell
2004) and wild radish and 37 to Group B herbiades
Movlan 2004), A competitive pasture, grazed in
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combination with different herbicides 15 a proacove
step towand reduced resistance.

In high watcrtable situanons, a strong perennial
pasture can assist i drving the profile and reducing
the watertable, O the Liverpool Plains, Ringrose-
Verase of el (2003 demonstrated that lucerne andd a
tropical grass pasture could significantly dry the
profile and concluded where ranfall was <800 mm/
vear there would be almost no deep drarmape under
permanent pastuse. In southern NSW, at Temora,
lucerne lowered the watertable v more than 0.5 m
in <1 vear (Peoples 2004

Profit from pasture is considered infenor 1o crops
because pastuees dare usually sown e the end o
croppang plise o gave the country a rest and improsve
strutture and fertibing Realisueally the profiabiline of
a pasture rotaton should be compared with the protin
tron low vielding paddocks. 1t we consuder curren
management of pastures then i s clear why shey are
often infertior, During droughs and dey pernds they
can be overgrazed with loss of speaes and ground
cover.

A review of sl tesung by producers who only
cropped and those who only grew pastures showed
that 63% of croppers were using sonl tests for
decisions on ferliser. Of the producers who grew
both pastures and crops, soil testing for pasture
fertiliser deasions only made up™27% of thar sol
tests (S Murray, pers. comm.). On the North West
Slopes, most new pastures surveved were sown with
fertiliser but only a small percentage had adequare
maintenance applications in the following vears,
(MeCormick, unpublished dam),

In a mixed pasture, on the Liverpool Plains warer
use efficiency was only 3000 of that recorded for
cercal erops Much of the difference in water use
efficiency was atmbuted to the fact that only 50 kg
N/hayyr was applied 10 the pastare compared with
BO-100 kg N/ ha/vr to the cereals ([Ringrose-Vioase of
al, 2003),

A pasture in the cropping system wall onlv delver its
full potenual if it 1s managed as a hugh value crop like
cinola, As part of this, pasture management
abijectives need 1o be set to reflect the tvpe of pusture
species sown, length of pasture phase and ulomanely
the class of lvestock used. The range of objectives
tay include N accumulanon, reducing the watertable,
improving soil structure, Increasing OIEANIC Matter
and ground cover, improving VAM, crop disease

break, weed control and managing herbicide
Tesismance,

Once objectives have been set there 15 seresof 4
steps that give the best possible chanee of success,

1. Planning phase

The planning phase should weally start 1-2 vears prior
tr sowing. This allows for major management
decisins on weed conrrol, storing soil maiseure,
decisions on plannng machinery, nurnnon and seed

AOUFCEs

Retember the miost expensive pasture is one that
fails o establish propezly. Such pastunes have reduged
i'""-i'dl.ll.:""-"”\ and CArTvinL l.'q'lr-lilk'”'l'.. e anere proenc
i weed invasion and bave 4 reduced capaciny o
combiat vanous aspects of soil degradanan. These
deficiencies connnue throughous the canre hfe of
the pasture, Pastures that il e estabilish wall varely
pray back the cost of establishmentand will eventually

need 0 be re-sown

2. Weed and pest control

Good planming before the pasture phase will reduce
the weed burden and bmir the need for expensive
selective herbicides. Planning also ensures that
residual herbicdes detmimental to pastures dre

avinded.

Sovwng on'the second eunfall event will help contral
annual grass weeds which germinate on less mintall
or at cooler tempeniures, grving an OpPOTUnGy to
agan reduce weed compenuon o the new pasture,

Monitoring insect pests such as blue oat mite and
molluscs (slups) 15 essentdal for young pasture
survival, Early conerol is esseanal. Insecicides and
molluscicides are available for control. Fungal diseases
can affect the <eedling survival of lucerne, parnculady
in conl wer condinons. Fungicides are available for
seed dressing,

3. Soil moisture

Adegquate soil moisture for sowing is ideal, but
because seed placement i shallow the reality is the
surface 15 usually dry and this 1s definitely the case
when sowing tropical species.

Subsoil mossture is a more critcal requirement for
tropical grasses as cvaporation in spring and summer
15 very high and germinated plants will guickly develop

thetr secondary root system. A maoist subsol s
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fieeessary if a plantis to be gven the best opportunity
tor establishment and survval,

4. Sowing time

Sewing time vares depending on the dismet, but
generally temperate specics are sown in autumn, from
mud-Apnl to end of Mav. Tropwal species are sown
b spring and summet, usually before the best cuntall
minths,

There are mimmum soil temperatures for
permipaton of cropical prasses as there are for
sumnies crops, for example the minimum sodl
temperature for bultel grass (Cemcden celdarr) 15 1340,
Rhodes grass (Chlores gayana) 14°C, Bambarst panic
(Paricrm codoratomm var, sakambanone) and bluegriss
(EMcantbia sppa) 1700 and porple prgeon. grass

(N edarma omeritssata) 250

5.  Species selection

The species selected wall depend on the ohecnves,
such s wsing perennnl legumes o maximise N
.J.t:fl-li'l'll.-l]iﬂj”ﬂ‘ lﬂl:rrﬁ.ﬁing WALET Use Or i IH“'\ wle 2
disease break for crops, Lucerne provides high qualiny
pasture for prme lambs and cande, buar bloar 1s often
seen as a hipgh risk, Perennial grass mixtures in
combination with & legume are very benencal 1n a2
longer retanon for the accumulanon of hmer, ground
COVEE, Organic matrer, j:‘nprm'cd gl health and
increased water use.

The ared of adaptation also plays a kev role 1o whart
will grow best 10 a parocular ares so vou need w
check district recommendatons

Legumes need to be inoculated wath the correct strain
of -rhizoa. This increases their chance of survival
and grearly improves N production.

6.  Seed placement

Seed placement 15 sall one of the weakest inks in
pasture establishment. The seed is small and
depending on the specaes should not be sown at more
than | em deep. In heavier cracking soils, 1115 possible
to g a litle deeper because of the soils cracking
nature, Some grass species even prefer surface sowing,

Crop sowang technology has been well rescarched
and although pasture sowing technology and
machinery has developed more shwdy it has advanced
miarkedly in recent vears,

If cropping equipment is o be used for sowing
pastures it needs 1o be checked o ensure the seed
can be sown at a shallow, even depth ar the required
sowing rate. Clomversions can be mide oo existing
machinery und i range of components and machinery
are now available

Faen wath the latese technology i pasture sowing
equipment it s still impemtive to check sowing depth
the old fashioned way — get off the tractor and look,

i Seeding rate

Seeding rate 15 more often than got o oweak link in
establishing a productive pasture. The conther of seed
cost and benefit 15 otten salved by oy producers
sonwange less than recommended rates and substtuning
choaper cultivars for the hest species,

Recommended seeding rates are wsaally o result o1
rescarch and grower expenence and are desipnied o
pive a plant populaton thar will eontethure o 2
productve pasture. [t s notan opton (o be wintng
tor a sown pasture to thicken up and become
productdyve when vou consider the effecr o the
cumulatnve balance aver 13 vears (MeDonald o af
1948),

Sced coanng rechnology has been used tor many vears
1o improve, among other things, the tlow af flutty
tropical grass seeds: The weight of the seed coanng
needs to be taken1nto account when calibranng your
svaving machinery as seed coar weighrs con be as high
as B0%% of the mixture.

8. Nutrition

MNurrnion is essential tor productve and sustainable
pastures: The most producoye pastures have the
highest nuenent level; this i why thiy achieve high
amimal growth rates. How much fertiliser pastures
need 15 genenlly misundesstood and programs such
as the "Trple P Program™ demonsteated the
prafirabilicy in getting the nutrition, as well as
management rght (de Fegely 2000),

Duncan (1995) suggested a range of L6-22] kg
phosphorus (17 DSE was st from geazed pastures

Tablel, Loss of phosphate {P) from a grazed perennial
pasture on medivm textured soil

Sl rite F pemys real
DS Tha) Tky P/ ha)

3 fx

) H

Ll 12
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and o guide (Table 1) was developed for medium
texmred soals,

Soil testing is a pood guide o the Poand sulbur (5
requirentents which are needed by the legume
component to prduce adequate ™ for grisses in the
prasture, Soil testing s also avalable for pomssium
and can e contirmed with 1est stnps. Mamtuning a
leprume in the pasture system will be discussed under
wrazing m a liter secnon

In ko N siruations geass will produce less dov manter,
of lower quality. The survival of perenmial rass
species can be threatened amd prasses such as Rhodes
grass and purple pigeon grass will disappear from
the pasture (BR. McGutticke and Wi Searnm, pers
Con.)

Table 2. Muotricots exported with a range of farm
prroducts

Prowluies T‘l,]'ﬂi al putrarnr remeoncal - (kg

g 5 B
|4..'Hur'||r h;n' || 11 ,‘ 5 _'!" Tivie
Whiar £3.5 1 1A A0k ERT
Wnsio] (5 kg e (2 e
M::;u (&0 kw 14 L4 TR 1
R TSR LN N 1.4 ikfn 15

Murrient 15 bemng exported inoammal and farm
products (Duncan 1995; Bell 2003) and Table 2 shows
the value of these exports, o=

Lamb and beef products account tor U8 kg of P
and & 100 kg of product. Put another way, 200 steers
bought inand grown a further 100 ke will take off
the property about 160 ke of Pand 5

9a. Grazing management - new
pastures

Grazing manapement for newly sown pastures is
5j.i_ght}j.' different to estabhshed producove pastures
and | highlight producrire because if it is not productive
then we are in compensation modce.

Sown perennial grasses, in northern NSW, arc
generally not grazed in the first vear. This is so they
cant develop a large root svstem, grow bypger and go
into dormancy with a higher number of regeneranve
bueds for the following prowing season. Phalars, for
instance; ungrazed in the establishment vear had 80
mure regenceative buds in spang before dormanoy
(Cr Lodge, pers, comm.) and tropical grasses behave
similarly, Reproductive buds are next season’s allers
after the plants dormant penod. Increased nller

producton would be expected from a greater number
of - buds,

Exceptions o the “an-graze” rule will neour in lugh
M ostrwanons and cood seasons where crowel s
abundant and subseil momsture s hgeh, Light oeazing
under these condimons wall help merease hillet
numbers and promote addinonal bud development.

9h.  Grazing management -
established pastures

Fstablished pastures need 1o be managed 1o achieve
vour obicenves, Grazing wall need 1o mamtun
bestarieal composition, and marttm the producoe
species vou have sown in rhe pasture, Grazing should
also be planned to promote the quantiny and quality
of torage required for vour Investock classes and
munntain pround cover and Herer levels o manage
sorl hisalth and witer, The combiminon af plints and
derached plamr mareral, ve: hitrer, are referred 1o as

prisund coves,

Boranical composition bs often one of the hardest
arcas of grzing management because nf vardable
ramntall and grovang seasons. A proposal o manape
trospleal gruss and legume pastures for svaluation wis
wurmally pur forwird by Spain e al (WWES)L Pastures
shiould be managed wirthin limirs thar mamramed &
miniram of 15% and a masimuom of 500 legume
Spain ¢ wl (1985) also suggested limits o the
mummum and maximum levels of feed on offer.

The setung of these limus for percenage legume
combined with green herbage mass limits fore the
perenmiul grass and legume mis, led to the
development of the pasture management envelope:
When legume mcreased rese pr:riuds were used,
increase grass growth, As herbage mass increased
miore stock would be put in and e vera,

Research by Kemp #2 wl (1996) clarified this proposal
tor temperare species ar Orange NSW Thelr rekearch
showed amimmum level of 15%% legume was reguired
m early spong o make a significant contrbunon o
the N level and suggested an upper level of 601,
however, legume only exceeded 50% when annual
grasses were conrrolled. The masimum limue for
phalanis was setoat 0% A herbage mass of 1.5t
green DN ha was ser as the minimum as helow this
lepume content was <15%, The upper limit was set
aimtlarhcar 3.3 t green DA ke Tacneal grasing could
be used to achieve these outcomes and an
understanding of how grazing influences botanical
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composinen allows decisions o be made on
miaintaining the integritv of the pasware,

.’\]njm-.un{nj; legumes in tropical grass pastures s a
major problem given the rapnd growth in summer. It
legrumies are not conmbuting tosol N there w1l be a
decline in dry matter producton and fodder quality.
This will be most noticeable 10 moderate w low
terlite soals,

There are a number of optons for increasiog legpdme
comtent i pastures, inchading the selecnon of mor
upright speoies wlieh grow wath the canopy using
fewer rroprcal legumes which are bong evaluated
e ler 20065 and reducing herbage mass with high
stock numbers on fewer paddocks. This may have o
e are objective i aliernare vears. FExcess forape can
Tre Taliad oon arble areas for use ain dey vears or with
Blowtt prone pastures,

Tubsle % Minbmum herbage muss (kg green DM S ha) o
maineain satisfuctiry. production levels

Amimal clase Pasturc pr T
drpesnble dry maner
we in late pregnancy miL
Gl s bate peepinaney (7-8 moptlhs) T
Cievmange ar WL potennal goowtly rate
Lk 2050 weadd el
Steers 1012 ]..Ez P1|:-_|L!:_.Llil.' ,’.'__"Jll

Matching stoclking rates and forage requrements of
the animal elass, requires the manager 1o have an
understanding of the effect qualiny and quannty of
pasture has on ammmal prodection. Pasture
benchmarks used in PROGRAZE™ s¢r guidelines
for animal needs,

An example of the ha:::ﬁ:l.g: mass benchmarks used
in PROGRAZE™ j5 presented in Table 3.

To maximise intake for animal producdon sheep
requilte 4 pasture with green herbage mass berween
BOU-16M0) kg DM /ha and cartle 12002300 kg 1N
ha (73% digestible) (Bell 2003). The guidelines
developed by Kemp e @/ (1996) for managing
botanical composinon are within these limits, so they
may bie a useful 1ol 1n maintuning producton and

Table 4. Litter quality and the effect on levels of soil fauna

Indicator spoctes

Conhmuioes grazmg

Kl FTCh -t aniams |i.H_-11;|_| 16
Earthworms fmambor/ha) B LEE L

the lite of the pasture aswiell as meetng expectations
foor animal growth.

Rates oof pasture gronveh vary wirh season and pastire
repes hiwvevers the challenge 15w march the andemal
demand i the gquantey and quabey of pasture. In
gowrl groseing seasons, ligher stiock numbers will be
required to muntun feed quality. In poorer seasons,
o e long dev spells, ammal numbers may need o be
reduced or stock pur into sacrifice paddocks o
protect the majonny: of the pastiire resource,

Good growth rates are achievable on tropacal
pastures, A properiy west of MNarealio, with an
Inverell purple pigeon pgrass dominant pasture,
achieved growth rates of 1 ke head/doy with steers
stocked at TODISE ha (B MeGuthicke, pees comim, ),

More deall on matching animal requirements anid
pasture s contained in the PROGRAZE™ mamial
and workshops are avalable to asssein understndmg
the interacbion,

Ground cover is recopmised for s conmbution o
reducimg runott and soil erosion (Lang 1979, As
pround cover s mereised o TOV, runoff and sl
etosion are significantly reduced.

Increasing ground cover and reducing erosion s
species dependent with perenmal grasses being
supenor o perennial lepumes such as lucerne, O
the Liverpool Plains runoff from Aprl 1o Seprember
1998 was on average: 4% hagher on the lucerne
pasture compared to the Bambarsi panic/wallaby
erass (Aasrndansonss spp.) pasture with ground cover
levels of 25 and 60F o, especavelic In July of the same
vear; 96 mm of water was lost 45 run off from the
lpcerne wrea as opposed to | mm from a grassed
arca (Young o af 1998

Similarly ona nanve redgrass (Bathmochive macrd)
pasture site {ar Barraba in the same vear) with rainfall
of 717 mm run off of 1.6-4.4 mm was st from the
90" ground cover plots as compared with 63.1 mm
trom plots with 4374 ground cover. The contribunon
uf litter and the quality of litterwas also demanstrated
ar this site with changes in the valee of soil micro-
organisms and earthworm numbers, as shown in
Table 4 MeCormuck o ol 2001,

Spaddock mmtathon Sative prass + suh

arud supier

ARE 20
(LR L

AR ELLY
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Litter 1 pastures mereases ground cover, reduces
tunct! and water infiltration, provides a valuable
source of food o sorl fauna and alse reduces
evaporation by as much as 50% per annum
{(McCormick ¢ al 2001).

I prazinge management, theee are Whaays trade-offs
between ammal production, stocking rare and pasture
sustainabilite. Understanding the impact of the trade-
vffs will make management decisions casice

Conclusions

Pasrures afford many benefits’ o farming svstems,
bith direct and tndirect, and unfortunately it s
difficult wo o them all justice i the context of this
paper. Research s snll progressimg oor understaniding
of the soill und pasture interacton,

Tor captlise o the benefits froem pasture i farming
systems, pastures have 1o be managed as 2 high value
crop. Attention most be given to the pasture
agronomy as described i the ¥ points above 1if the
aperation is 1o succeel.

Soilsare the basis for paswre and cropping systems.
Thiy are the most important resource and
management should refleer this importance. Pastures
ean make @ sigmficant contnibunon o che
sustairability of 2 Farming svstem and if managed a5
a high value erop can pravide profitable grazmg.

Cur understanding of pasture technology s
tmproving. New technologies are being put forward
ar conferences such as this, bur do not forger that
is essential 1o get the basics right as outhned by the
Curf_cnl‘;-a.gr{mcmy n:cnn'].mcndaunns m Thi'_‘ 0 'F'CHHTE

highlighted in this paper,

References

Bell AK: ed (2003) PROGRAZE™ Mangal NSW Agricinure,
Cirange and Meat and Livesroek Australia. Secth edinon 2003

Bell M (2003 Northern sols: are o potassium reserves the op
ol the Jeebere?® GrmmdC o Septermber 2003, Laue 46, p 19

Crocker Oy Collet 1 (2003) Lucerne boosts cereals in anp
rotations gt [P $200NSW Agricuinire p 4

Crocker (] (2004) New and improved legumes for pastures aned
crup totadotin. In ‘Proceedings of the 19th Annoal
Conterence of the Grassland Socierr of MNSW Inc
Crunmedah” (This proceedings

Pruncan MR (1995 bertihser requirements for grazed pastures
In "Proceodings ot the 1kh Annaal Conference of the
Cirasslands Sociery of NS Inc * Armiitale. pp 22,25,

de Fogely © (2000) The Trple P Progrram In Prceodims of
the 15th Annual Confrrence of the Grasslands Sooers of
MNEW 1ac. Armidale”. ppe33.37

Holfopd IR (1980 Eftect= of grazed lucerne on long rermadelds
and mitrogen wptike of subsequent wheat crops cArsfrakin
Jenrmyl & Apriaral Rewarct 31, 23023510

Huamphress LR (PWE) Fropensd sasiwre waitoefion. Cambiridge
Unrersity Presa

Komp 1L Michalke DU Deoilimge POVGY Corawing stratepien o
mmpeTae Plisture pompesition. Seed e
Newz o= Hemertippo A4

Trestradia Paiture

Lang RID (1979 The effect of groundeorer on surtace runof{
fromm experimental plote Pl foprmad af e Voo Comrerniation
Nerre of NATF 3 10R-| 14

et ormuck Lo Allan |, Lowdgze O (2000 € iy Aimnapesmirnd for
utire | Pagtwres gw dbe Narth e ||.|I.'.||ﬂlft Wl SOVTED (WY
Apriculiure: Clrange

Mo Dhomaled W MeCormuck T4 ollert T, MeGoutticke 18 Soorn |
19 [Servarr Do toe [ aormipcs: Froaeehe Pelinom, s
Apneuliuee, p6

Memdan 1 200k Plerbnende ©ipnens for Ceroap B Restérane Wild
Rihiate Tt Nershern Hevtwade Beastfame Reporter, March 2004,

i F'['.:nml-, 107 E2mnd S var Besisowiwe b the Xortheens Onan
Ry 1w Normbern Fleriniile Besirbanrd Beporddr Xlarch 2004,
pl

Pevrples MMM Combaned appreoach lis producovireon hosgile
sy, Farmpme ~Dhvad N D48, Muy A0 pp 52254

Remgeoie Vowase AL Young BRE: Mislar 2, Fluth N1, Bernand
Al Cswell HP baeatng BA, Seonn [F, Seutlacher 51 Banks
RO., Hollaml [E, Jobmsnn RAL Corvdns TW, Girepory L,
Drasuells [, Pariuharson R, Dienkwater R], Heldewreich 5,
Dyonalelsion S€ 2003 Deep Dimibnagse unidee Differenn Laedd
L ses i thie Laverpeon] Plurns Carchiment. Report 3 o-femdurad
RBevmmrir Mumigemms Bepors Serer, | NSW Aprcaliure Crramss)

Recaner 1 (14 Pastunes for pnme wheat procucaon, Gemerad
W err Pz Nyt Besrocty Comptemiclnmr 199 pla 45044,

Spant |, Peremra JM, Gauldren B 00885)0 A Hexible grazing
arageren sestem proposed Ffor the advanced evaluation
of assocutions OF tropical prasses und legumes. In
Prwecdnis of the XV Insernatonal Graaslunds Corigross,
koo, Jupan,” T35 pp. 1531155

Weston ElL Deagtiton |4 Dialad WAL Sorone WAL Thomuas G,
Lebune K, Coeper |, bang Al Holmen €] (21660 Managing,
bomg-term termlicy of cropping lind with ley pastures m
southern Quesnsland, rpra Craslonds 34, 1691716,

Whithresd AM, Lefron RDE Blair G (1996 Changes in <l
phvsical properties angd =oil organic carbon fractions with
croppiny o s red beown earth soil 1o ‘Proceedings of the
Sth Mwsralion Agrronomy Conference Tovswnamdd™. ppo 552
385,

Whe PB, Clark AL [ 12 Practcal and coonomic eonsiderations
of sustainable agnculture 1 summer ralntall greas of
Nustrlia I Proceedimp of the Sth Nustraliin Agmmnamy
Comtererice Armiddale’, pp, 1724175,

Wilie PB 119941 Economics of pasture rotriiions in Queensland
wheatareas. In Proceodings of the 8ith Australimn Agronomy
Conterence Toowoomba’

Young RR, Beemard, Al Helland |F, Daniells 1 Paydar 34,
Remgrose-Visane Al resswell FIP (1195 Water use efficiency
of cropping and pasture srsterns on the Hudsom siee. o
praedinge suter Wbine and agreealbare i e [aserpoal oy
£ atifoment, {rumentat o A1



