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Abstract. | ey phases in cropping systems are complex. Successful integration of ley phascs is messured

b the proditabiliey of crop-pasture systems that have demonstrable natural resource henefirs, compared

with cropping svstems. This paper ientifies entieal rargets within the pasture phase thar need to be

managed ctfecnvely and efficiently to ensure successtul and profitable integradon with cropping.

Introduction

Verrility decline in the struciurally stable, and
mherently fertile heavy clay soils of the northern grain
belt, now costs an esamared $4300 M per vear due m
lower grain vield and quality (M. Probert, pers; com.,
frein APSIM miodel). Integratng short-term pasture
phases into farming svstems b5 one option Tor
restoring the productivity of eropping lands,
However, successful integration demands that the ley
henefits the profirbilin: of the enterprise and sustains

the resource thar isused to create this profit,

“Inregration” is defined as any pastures that are sown
o lind that is destined oo be rerurned o crop in the
shorr, mid or long term, and are & part of an
integrated crop-pasture rotation svstem, Alternatvely,
pastures may be managed as “separare™ entites in
mixed grain and grazing enterprises it they are sown
on sails that are not bkely to be used for croppng,

Can ley pastures pay?

There 15 a perception n the northern grain bele that
pasture-crop mtations sown on cropping land are
nest as profoble as cononuous cropping. Livestock
coterprises are nevertheless widespread and are based
ofl natve pasture, forage crop, stubbles and fallows,
and sowen pasture, established when antmal produet
commadity prices were high,

[f there is to be suceesstul integration of ley pastures
into the cropping sysem, It is Imperanve o accept
that ley pastures “can pay’ and then manage them to
ensure that they “do pa”,

Using an interactive cconomic spreadsheer model
with farmer input developed for the GRIDC-lunded
Levgrain project (Strahan and Scott 20043, crop-
pasture rotations in the North Star arca in aorthern

NEW have been shown o be more [1n'1t'it',1bh:. than

7

crofp romtons in =70 of vears

The focus of this paperis to dennfy Key issues and
limitaneons nlev pasture management that determing
whether crop-pasture mtations will pay,

Ensuring that ley pastures do pay

The profitable intcgration of pasture levs into
cropping svstems demancds that the pasture phase s
nunaged as cfficiently and effectvely as a crop, and
the rransition berween phases — the dmethat the laned
is our of producton s minimised, Key issues are:

= Managmng ley phuses o overcome factors that
limit crop vicld and quality including los sonl taal
nitrogen (), organic matter (OM), weeds, pests
and diseases and so1l compiction,

= Selectng the most appropriare and well-adapred
lev species:

* Esrablishing the pastore with precision and
tmchness to mmmise the duranon of thic crop-

pasture et f".lCC.

* lntegrating the forage provided by the ley with a
range of other forges to meet profitable aninyal
productnn margets,

* Timely removal of pasture o provide the
necessary stored soil warer and mmneral W for the
suceeedmy crop.

Overcoming problems caused by
cropping
Improving soil N and crop vield and quality

Imiprovements o soil ol N by legume or legume
basce pastures and the henefics to prain vield and
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guality are well understood (LirderT980: Whicchouse
and Littler 1984 Licdler and Whitehouse [987;
Holtor 1980, 1981, 195849 Dalad o of 1991 Hossain
el 195, L9950,

Successful integration ro maximise soil N
improwement reqguires well-gstublished, productive,
adapted legumes that are used 10 14 vear phases
depending on the Namprovement soughe Mostly,
species issues are resolved, though new legumes
including cultivars of Hedyrarmm coronarnm, Biserrala
pedecinzes and Qruithopns sativies may nd wide
acceptance 1f their agronomy is resolved and they
are well prominted,

Tmproving soil OM and soil stroetre

Grrass-legume pasnires rejuvenate soil OM (Bowman
and Chan 1991} and, in turn, sedl stroctore, with grass
in particular very important in this process. Soil QM
improvement eocurs slowly —ar least Svears wo effect
improvement in the top 5 cm of soil. In turn,
improved soil structure Improves soil permeabiling
and warer infiltzanon, thus reducing runoff and
Ernsion, il Blora and

and COCOUrares

THCECO OSSN,

Successtul integration to improve soil surface
conditions in hard-setting soils with will require the
implementation long term, grass/legume pastares,

Controlling weeds -

Weeds, conrrolled by cultvation and herbicide
practices, particutarly by herbicide 1n zero or
minimum ol sysrems, have always been anissue in
cropping systeims. New svstems have resulted n
herbicide resistant weeds and, as ver, we do nor know
it there are long-revm deriimental effeers of the on-
going use of herbicide on crops, There are at least
10 erop weeds tn the nosthern grain belt thar are
reststane oo | oof 4 herbicide geoups (Walker 20023,

Well-managed ley pastures provide a cheap and
etfective means of controlling palatable weeds (Lartder
1984, Thev also reduce the likelthood of herhicide
resistance and the systemic costs of weed control,
Mot all weeds are palarable and their management
using herbicide dunng the pasture phase is vital o
prevent a bigger problem with weeds in following
crops, Howvever, there is a need o understand berrer
the effects of herbicides on the pasture legumes, and
of the grazing manggement needed to achieve thar
contril,

Knowledge of the longevite of weed seeds in the
soil 1s important in choosing the duradon of a lev

phase for weed comrel, For example, atter 4 vears,
5-7 % of the seed Bank of turnip weed [ Rapdntemm
i) will remain i the sotly bur <1 % of wikl
wars CAwese spp) orsowthistle (Famobar sbraiis) (3,
Walker, pers, cimm.),

Providing crop discase and pest breaks

Lev pastures break seme disease and pest cveles of
grain crops (G Wildermuth, M Ryley, pers. comm.).
Ldur understanding of the cross-mtfeenvity of crop
and pasture diseases is limited and research is needed
toimnprove the selection of pasture species wo conerol
idienrified disease rargers. Neverrheless, successfully

integrated sysrems;

= Use lucerne or medie to reduce common root
rot and crown rot. Avoid grasses as they are

gengrally susceprille wo those diseases

*  Lucerne and medies do no provide an etfective
disease bresk for Plyspdtbons roor roe following
chickpeas.

*  Ley legumes and grasses will not reduce the
imeidence of charcos] ror, Neretnma, SNederadamnand
R.-'.'.-a"::vf.".w.r.fl.' stem and root tors, which bave o wide
host range and can survive on pasture and crop
residues for many vears:

*  Lucerne, medics and Bambasst panic intereupt thie
life evele of the toor lesion nematode (Pratdnch
therser) (Re Colbran, unpublished dara).

- Lucerne and medies CArry-sOme VIras v eCcnors I:_l_".g.
leathoppers and aphids) thal can exacerbate inscel
arel disease problems in some coops,

Improving soil biota and Vesicular Arbuscular
Mycorchiza (VAM)

There has been livde rhizosphere research with
pastures in the northern grain bele and this could be
enhanced, parncularly wich VAM, to understand the
benefits m the whole sVstEn,

Long tern grass-lepume pastures that mmprove soil
CIM should impreve populations of borh beneficial
micrn and maces fauna and microflors, Ley grasses
and lesumes generally samulate borh the numberand
rpe of large beneficial soil fauna such as earthworms,
bt de notincredase the number of pests,

Liscerne stimubates sol VADM and & recommended
in ley pastures preceding crops thar are highly
dependent on VAM including maize, sorghum,
sunflower, linseed, a number of pulses and cotton
[Thompson 1987,
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Improving ground cover and infiltration and
restricting water leakage through the profile

Continuous cropping has been responsible for soil
loss related to erosion: By increasing ground cover
freem 200 o 7O, ranoff 15 reduced from 160 o 10
mm/vear and soil Toss from 3.5 o 0.3 mmy year or
tromm 85 to 3 tonnes soil/hadvear (derved from
Woekneér and Dréebairn 19913, There is alsé an
implied maintenance of soil fertlity in redocing the
loss of topsoll. The reduction in runoft s achieved
theough an merease in infileration tare cgn 538 mm)/
hr under grass pasture and 30 mm /hr undeér medic
pasture, compared with & mm/he in cultivated soil
(R: Ennghr, unpeblished da)

In teducing runctt from 10 o 3% of incden ranfall,
deep rootng perennial pastures also improve
infiltranon and protile soil water use by the plants:
The net benetit can reduce leakape of warer 1o the
profile from abour 4 o (L3% of incident rainfall
{derved frivm Lirtlebioy et ol 1959,

Boenefits gamed by using pastures will be SUPE LT
stubble muanagement svstems, ooly iF careful and
appropriate grazing management practices, aimed at
maintaming the high level of ground cover for long
pertods of doe are implemented.

Minimising soil compaction

High hulk densines (=1.4 Mg/m" in the tp 30 cm
of the soil, cansed by machinery mpacong ar the
soil surface and at the plough laver, rétard oo
penetration and development, and soil water
infiltration, Studies of different surface management
regimes, have shown that sedl bulk densite under
arazed grass and legume pasture is <14 throughout
the surface profile (R: Ennght and A, Harte,
unpublished datay,

This questions the popularly held view that grazing
croppng scils causes compaction ar che soil surface,
Nevertheless, it1s preferable ro hmir all pracuces that
Ay Cause o 5111pamit|n whien the sall surface (s wet
If graging, the ground cover assodated wath grass
wilild minimese thar impact,

In addinon, 1 mregranng ley pastures w ovércome
the specific problemts chat affect the vield of crops
in & costefficient way, the roaton system and s
duranon should be selected caretullv. Consider the
target and plan the rotaton accordingly,

Using well-adapted species

In the northern gram belt, there are well-adapred,
tropical and wmperate, short, nud and long-rerm
legume and grass culovars for all climaric and edaphic
cavitnaments in the region, Informarion abour
species has been developed by Queensland
Deparmment of Primary Induseries and Fisheries and
MEW Apricubure and elfective intenration should not
e Himited by sultable species or informanon about
them,

A well, there are a gumber ol new legumes that are
being released throupgh nanonal pascure plant
improvement programs (cg French and vellow
serradelia, and sully),

There 15 an vrggene need to understand the agronomy

and mansgrement of these new lepumes; and w i
them into farming and grazing syswems,

Ensuring that establishment is precise

and timely

Failures in the establishment phase ocour as farmers

often 3er Ty HTLLL thar phase poarly, hoping w succeed

wath limited preparcation, i:‘:puL:-. and cost Forsuceess,

raintull varsbly must be managred skalfully and pasnure

establishment manaped with the same precision as

fosr crops, recngmising thar falure §s often relaced

raintall variability,

Successtul mrepraton demands the following:

Dunng secdbed preparation:

+  Avoiding paddocks with residual herbiades and
meeting: plant back standards:

* Prepanng ascedbed that is fallowed o store seater
ane mineral N,

= Conreolling weeds to limar the loss of soil water

= Applving tertliser before sowing where necessary.

-

Sowinge
* Selecting hugh gualite, saft o non-dormant seed,

» Sowing fluffy grass seed effectively, and
moculinng and applyng fungiode and anncide
to lepume seed where necessary,

+  Sowing only when there is water in the soil profile,
preferably o =30 cm.

= Sowing at a seeding race thar depends on targer
plant papulanon and the quality of the seed,
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Farmuers need an invearory of seed sives 1o enable
this calculation,

L Euu'ing small seeded pasture species dt or near
the soil surface For example: with lucerne,
establishment o a clay soibwill decline frism 53%
nf the seed sown ar 125 em depth, 1o 13% when
sown ar > cm {MeDonald et af 2003,

*  Inche subrrepics, the choce of drilling seed into
profile water or sowing at the soil surface is 2
difemma, With the temperate species, dritling in
aurumn may be preferred it climane projections
indicate that the autumn/winter §eason s likely
tt: be dry and the probabilite of immediate follow
up ram o germinate seed sown near the surbace
15 low, With tropical species; sowing large seeded
cultivars ar depih is an nsurance against the soil
sutface drying before germinating seed has
established,

*  Successtul cdrablishment can be achieved by
undersowing with crops, providing the crop
sowing-rate 1s at least halved, A better package 10
assist in making the deaiston o undersow or 1o
sow as a sward is needed 1o answer questions sueh
as, "To what extent is soil W accruement
jeapardised by undersowing and how s chis
compensated by the value of the companion
crop”

*  Timing sowing to maxmmse the probababoe of
successful esmablishment in a variable rainfall
environment poses challenges with species sown
at o near the soil surface, parncularly the mopical
species that are sown between lare spring and early
autumm when evaporatinn rates are high. By using
the compurer program “BEAINMAN Streamtlow
Version 47, the historical probability of follow-
up rain Balling during the esablishment period
can assise in deciding sowing rime for all species.

Provide a continuum of high quality
forage for livestock

Ley pastures are high value paswres that carry more
livestack and produce more animal product per head
than native pascures, bur reguire more careful
management to maintain their compaositon and
productivity. These pastures can be successfully
integrated with other forage sources ro meer high
value anumal production mrgess (Gramshaw and
Lloyd 1993}, For example, by integradog ley pastures
with formge crops, a steer can meet an BEREC marke

weight 9 months before that target is met from the
ley pasture algne, Using good guaboy naove pastore
oy, an FREC steer target cannor be mer,

By using pasture growth curves of adapted species,
ley pastures can be integrated with trher forages
{marive pasture, forage crops, siubbles, failed crops
and fallows) to meet both those tanzets and the needs
of non-growing stock. Adjusung stocking rates
during the vear and conserving feed are siraregios
that should be implemented to maximise production,
There 504 parsculiar need for agronomic and
management research with new legumes o fit them
profitably into well targeted producdon svsiems,

Managng the pastare i the first vear to create aseed
reserve Of to mainmaimn  high reserve of cachohydtale
in the erowns of key specics, is vital o the on-going
procluctivier of the pasture, Livestock should be
managed o mininuse ant-nuremonal gualides of
pastures. In particular, the Bloat risk of lerumes such
as luckrne needs 1o be managed to maximise
profitabibin: Many farmers tear lucerne but do not

mianage the tisk, This isa challenge for extension.

Manage the transition back to crop

Replenishing the soil profile water profile for
the succeeding crop

Perennial pastures, particularly grassand deep rooting
lscerne, dry the soil below the crop root zone On
clay soils, this resules in a reduction in the porential
grain vield of 8§ kg/ha for every | mm of planc
avatlable warer less than a full profite to depeh 1.2 mo
Cn loamy soils, the reduction is less as the “bucket™
i smaller and the plant available water content
(PANSC) 55 less per unit sonl deprh. Theextenr of soil
deving after lucerne is well understood T lolford and
Donde 1978) bur there is o need to undersrand the
soil water dynamics of othet lev legumes and ley

SVSIES.

The soil water and its effects on subsequent crops

can be managed by

s Timng the removal of the pasture phase w
aximise the probability of replenishing the
presfile.

*  Choosing the most appropriate coop to Sow

following the lev, based on pre-plant soil water.

Using the soil water balance computer program,
“Mowwet”, the tming of pasture removal ro
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replenish soal witer varies from place o plice in the
grain belt,

Using 5 years of historical ramfall data for,
Tamwioreth, 1n northera NSW dnd “Howwel”
simulations, only 70% of PAWC was replenished, on
averape, 11 4. 1.2 m oclay soil after lucerne was
terminated 12 months prior to sowing, On a loamy
soil, W0 e deep, the profile wasg filled it the lucerne
was terminated 10 months before sowing. The
propormien of PAWE replemshed 1f lucerne was
rerminated in September was 530 and B0,
respectvely,

In 2 more marginal cropping environment at Roma
i south-west Queensland, only 60% PAWC was
replenished on o similar clay soil when lucerne was
terminaced 12 months hefore sowing and only 65
PAWC was replenished after the same time of
rernoval on a loamy soil. The percentages were <4
and 35% i the lucerne was removed in Seprember,

Chnce a decision is made o rerminate the pasture is
made, it must be regarded as a weed of the following
crop rather thin a spuree of high qualiry forage,
Irrespeenve of rhe oming of termination, the pre-
plant water should be momwored to falitare the
decision to gresw a grain crop or @ foage ctop. Por
successful integration, these are further challenges
for extension,

Replenishing soil mineral N for the
succeeding crop

Afrer a pure legume ley is removed, there is generally
a large and rapid release of mineral N, which may be
in excess of the needs of the following crop. After a
grass-legume ley is removed, the release of mineral
M is slower and release ocours over a longer period
of ome.

Denitrification losses can occur in Gallows after
legume-based levs, more so after gruss-legume leys
than after pure lepume levs owang o the abundance
of carhon in grass residues (Tslam ol 1992), While
there is limited research on the management of
demtnficanon, research has consistently shosen long-
term N benefits afrer Tucerne, leading to the
conclusion that denitrificanon losses are gencrilly low,
and farge losses are infrequent,

As 15 good management practice, a soil test will
determing the quantity of pre-plant sl mineral N
and, by bulancing this wath: the seal available warer
content, berrer decisions can be made of the

succeeding erop o sow and i additonal N fertiliser
showld be applied.
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