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Too Dry? Pastures in the wheat belt:

The benefit of a pasture ley in cereal cropping
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'?iummary: Material and concepts presented in this paper are drawn from a long term experiment
(1986 10 1996) at Warra, 1n subtropical Queensland. Ley pastures based on grass and legume mix-
wures inereased soil fertility as measured by organic carbon % (OC%) while legume based leys
{either annual medics or lucerne) provided sufficient nitrogen lor a succeeding crop bul did not sig-
nificantly increase soil OC%. In practice, during a run of poor seasons; the nitrogen provided by
leys was available in the subseil for a number of subsequent crops. Their refevance to the marginal
cropping lands 15 discussed and a methed for determining the possible duration of a ley pasture

presented.

prerequisite for sustainable agriculure is the

maintenance of seil fertlity (Dalal er al. 1991,
Dalal and Mayer (1986) report the effect of 50 years
of continuous cultivation and cropping on a briga-
low sail. Long term cropped land was degruded as
measured by soil total nitrogen and crop protein
(Figure |). Fertility declined to less than hall of its
original level after 20 years and one-third after 50
vears,

In temperate and Mediterranean agriculure, ley
pastures {land temporarily under pasture or the al-
ternate growing of crops and pastures) have been a
traditional means of maintaining or restoring soil
fertility and crop preduction. However less was
known about the performance of ley pastures in sub-
tropical and tropical agriculture, The purpose of the
Warra study, upon which much of this information
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Figure 1. The decline in fertility and wheat protein with

contimuous cultivation and cropping over a S0 year pe-
rind (Dahl and Maver 19867,

is based, was 1o guantfy the effect of aliernative
management practices on soil ferility and on crop
performance in a subtropical eovironment. Ley pas-
tures were one of the alternative practices.

This paper summarises the Warra experiment,
describing the performance and contribution  of
three different ey pastures 10 & wheat cropping sys-
tem, and discusses the implications for a more mar-
ginal environment at 3t George in Queensland.

The Warra Experiment

The long term (1986-96) study of a melon-hole
cracking clay som! (Verusol) previcusly supporung
brigalow  {Acacia  harpophyllz)  and  belah
(Casuaring cristata) vegelation was located  al
Warra approximately 40 km west of Dalby in south-
ern Queensland. It compared alternative manage-
menl strategies {applied N [fertiliser, conventional
and zero till, chickpeas in rotation with wheat, and
three different legume based pastures in rotation
with wheat) with & continuous winter wheat/sum-
mer fallow system, The site and methods used are
reported by Dalal er al. (1991). The effects on sub-
sequent wheat production and on soil fertility were
measured,

Seasonal conditions

During the study, seasonal conditions ranged
from drought {no crop planted) to above-average
rainfall years. However, generally good or average
seasonal conditions oeeurred during the first hall of
the study and poor (20% below average seasonal
rainfall) during the second part of the study (Figure
2).
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Figure 2. Seasonal rainfall recorded at Warra showing a
majority of below-average vears. in the two years 1986
and 1991 no crops were planted.

Ley Pastures

Three types of ley pasture-wheat rolations were
studied:

o i mixed grass plus lepume ley of purple pigeon
orass  (Setaria incrassara),  Rhodes  grass
(Chlaris gavanay), |lucerne (Medicago sarival,
and spail (M. scurellara) and barrel (M. trunca-
suled) annual medics grown for 4 years, returned
o fallow by ploughing in October; followed by
continuous wheat

e an annual medic sward of snail and barrel medic
sown 1mtially under wheat in June (self-regener-
ating thereafier), then grown for one win-
ter/spring season and returned to fallow by
ploughing in October; followed by one year of
wheat (repeated)

e o Jucerne sward sown under wheat in June,
grown for 17 months and returned to fallow by
ploughing in October: followed by one vear of
wheat {repeated).

Lev paseure production

During the experiment, forage production was
removed both by grazing with sheep (two months
unfone month off depending on availubility of feed)
in an associated experiment, and by cutting and re-
maoving each three months in an ungrazed core
study. These two approaches did not significantly
change the build-up of soil nitrogen in this study.
Pasture yields were different for different types of
leys (shorn- or leng-term}, for leys of different com-
position (grass plus legume or legume alone), for
leys of different species (annual medics or lucerne),
and for different seasons (good or poor). Annual
vields ranged from 0.6t to 5.8 1 dry matter (DM ha
for lucerne, from 0.6 t o 6.3 1 DM/Mha for annual
miedics, and from 1.8 | to 9.6t DM/ha for grass plus
legume pastures. Sheep grazing days reflected these
production  levels except that lucerne supported
more grazing davs than annual medics because of
its greater peried of availability, Grazing was hy
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‘put and take” depending on the availability of feed.
[ruring the first half of the experiment (when all ley
pasture phases were represented), grass plus legume
pastures grazed 12 sheep (DSE’s)ha, lucerne 8
sheepfha, and medics 6 sheep/ha when grazing days
were averaged over the year, No individual animal
performance figures were recorded.

Loy pasture benefies

The reported benefils 1o subsequent wheat crops
from ley pastures vary widely in different experi-
ments (Holford 1980; Linler and ‘Whitchouse 1987,
Clarkson [988; Dalal e al. 1991). These differénces
may be due 1o different starting soil fertilities, dif-
ferent seasonal conditions, different amounts of leg-
ume and grass in the leys, to disease faclors, and to
factors effecting soil nitrogen in the fallow phase to
name qust seme of the possibilives. The latter
authors report an additional 60 to 80 kg/ha of min-
eral nitrogen from one year of good growth of an-
nual medics and 8010 105 kgfha from a lucerne ley
under the same conditions. The nitrogen which be-
came availahle in the first year following a grass
plus legume pasture was similar 1o that following a
lucerne ley.

Subseguent wheat producrion following ley pastures

The three different leys all provided improve-
ments in subsegquent crop yields and proteins in
maost season. However, with very low soil moisture
conditions, crop vields were depressed and grain
proteins elevated.

The benefits to wheat crops were high following
grass plus legume pastures, When moisture condi-
tions were favourable, yield responses were signifi-
cant (Figure 3). However, with poor soil moisture,
vield responses were small and in one year negative.
The latter (1995) resulted from a progressive accu-
matlation of mineral nitrogen in the soil duning poor
seasons to an extent which was excessive for the
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Figure 3. Wheat following four vears of grass plus leg-
ume pasture gave significant yield increase compared
with continuous wheat, except in very dry seasons The
number of vears of crop response will be determined by
the amount of legume grown in the mixed pasture and
the yield and protein of subsequent grain crops,
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Figure 4. There were major inereases in grain protein al-
ter four years of grass plus legume pasture compared
with vontinuous wheat.

moisture  conditions  prevailing  (Dalal, Strong,
Weston unpublished data). The same effect was re-
corded lor the lucerne and annual medic leys in that
season. In all years grain protein following grass
plus lepume pasture increased in respose to high ni-
trogen levels (Figure 4).

Annual medics did not deplete soil moisture re-
serves 1o the same extent as other leyvs and in most
seasons soil moisture available for the subsequent
wheat crop was equal to or greater than that of con-
linuous wheat, Wheat yields and proteins following
medic leys (Figures 5 and 6) were significantly
higher than for conventional wheat systems. Under
the moisture conditions experienced during this ex-
periment, annoal medic/wheal rotations oul-per-
formed lucerne/wheat rotations marginally.

Lucerne, even as a short ley pasture, had the
ability to deplete soil moisture to a level which was
lower than that of continuous wheat. In many sea-
song subsoil mpisture levels were not replenished
during one summer fallow, When seasonal condi-
tions were favourable wheat vields and proteins fol-
lowing lucerne (Figures 7 and 8) were significantly
higher than those of continuous wheat systems,
There was however a tendency for wheal protein
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Figure 5. Wheat vield increases after annoal medic leys

were 24% (averaged over all crops) despite decreases
when moisture supply was limiting in 1993 and 1995,
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Figure 6. Where annual medics were grown in rotation
with wheat, grain protein increased in all years, Increaszes
as large as 71 % (low rainfall season in 193 and as small
as 17% (in 1992 following a long fallow caused by the
1991 no planting vear) were recorded,

levels to be low in the first year following the ley,
excepl in poor winter seasons. The reason for this is
not clear; an allelopathic effect (the detrimental ef-
fect of one plant species on the  germination,
growth, or development of planis of another) s a
possible cause,

Changes in soil fertility with ley pastures

In the Warra study all of the pasture treatments
did not provide long term fertility restoration af the
soil (Dalal er al. 1995). As measured by organic
carbon %, the leys composed of grass plus legume
were effective in inereasing fertility, while the lu-
cerng and medic leys and other practices did not
significantly increase fertility (Figure 9).

Discussion

The Warra environment compared with the
marginal cropping lands

Using Australian Rainman (Clewett ¢ al. 1994}
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Fipure 7, Wheat yield following lucerne were 5% grealer
(averaged over all crops) than those of continuous wheat
systems. Reduced subsoil moisture limited yield in three
of seven crops compared with continuous wheat.
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Figure 8 Protein increased by 39% over all erops meas-
wred. The greatest increases were in the seasons when
mapisture was limiting. In more favourable seasons grain
protein in the first year following lucerone averaged only
11.3%. The reason for this is not understood,
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Figure 9. The changes in column height reflect changes in
preanic carbon for continuous wheat and for alternative
cropping svstems. There are increases in soil organic
carbon % [ollowing grass plus lepume pasture, While
other sirategies provided the nitrogen needs of sub-.
sequent crops to varying degrees, they did mot increase
overall soil fertility measured as organic carbon.

the rainfall patterns at Warra and St George (Table
1} are comparcd (Dubbo and Walget are included 1o
obtain a southern perspective). Warra receives 32%
maore rainfall overall and 22% more during the win-
er cropping peciod. One interpretaton of these dif-
ferences is that long term grain production and
demands on soil nutrients (imtially N) in the mar-
ginal zone will be Jower This would offset an ex-
pected lower pasture preduction. However, high
yielding crops can he achieved as favourable sea-
sonal conditions can be experienced over wide areas
rezardless of averages. They may however be less
frequent and marginal areas will require particular
risk management skills to achieve sustainable/profit-
able farming systems.

While the principles established at Warra can be
extrapolated o marginal areas, there is 4 need 1o
guantify the rate at which changes occur and the
level of production for crops and pastures for the
lower, more wvariable rainfall environment. 5t

Table 1. Rainfall characteristics at Warra, 5t George,
Dubbe and Walgett {mm). Annuoal rainfall is for the
growing season October to September, and in-crop rain-
fall is June to September inclusive.

Location Long-tere In-crop
annual rainfall raintall
[ Warra 681 E45 (101+)
| $1 George 514 119
[Hubhb kR 179
Woalget 477 23

(™ Actoal in-crop raniall Tor Waren 986 to 1996 mclusive )

George is one of the Queensland centres invelved in
the GRDC funded Western Cropping Project {Sus-
tainable rotations and cropping practices for the
marginal cropping lands of NW NSW and southern
Queensland). The NSW counterparts are cast of
Walgent ('Cryon Station”) and a site [urther south is
yet Lo be selected.

Management decisions with ley pastures

Why are ley pastures grown in rotation with
arain crops? Is it primarily to benefit the cropping
system or is it to provide feed for grazing animals?
Depending on the answer to this question, there are
different methods of managing pastures in farm sys-
tems. If it is the former, then the quicker fertility
can be restored/enhanced the better; if it is the latter,
then the stability and productivity of the pasture
aver a longer period will be a consideration.

There 1% an inherent assumption in the use of ley
pastures thal one important purpose is o improve or
maintain soil fertility, On this basis we have as-
sumed that our prime purpose is 10 satisfy the needs
of the cropping system. The feeding of animals will
be an added benefit but a secondary consideration in
decision making, However, there will be times
when animal products attract higher returns and
then there will be greater incentive to manage: pas-
tures for the benefit of the Livestock system. While
the need is for soil fertility restoration/maintenance
then ley pastures will be judged on how well they
privided sail organic matter and nitrogen to satisfy
cropping needs.

When to introduce ley pastares; when to remove
ley pastures

On what basis can an informed decision be made
as to when ro move from crop to ley pasture, and
when to move from ley pasture to crop. The Nitro-
gen Decision Aids Workshops (Lawrence er al
1997} provide a method for managing soil nitrogen
in grain cropping systems based an hoth previous
crop performance and on soil tests. They also pro-
vide information which can support pasture man-
agement decisions, Al a time when the soil 15 not
mineralising sufficient nitrogen to satisfy targeted
crop requirements, there are @ number of options
available w grain-growers including fertiliser appli-
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Table 2. Effect of age of caltivation on the nitrogen min-
eralising capacity of a brigalow soil (kg'ha),

Agre of cultivation Mineralisation:

jl.[!!'m{ﬂ

J year
20 vears of cropping 54 70
40 years-of cropping 4% 240

cation, changing to alternative crops with different
nitrogen requirements (barley, chickpeas), maintain-
ing a longer fallow period, andfor using a legume
hased ley pasture.

If crop-pasture rolation s your stralegy, what is
the required duration of the ley?, In 2 marginal envi-
ronment, ley pastures will only produce useful
amounts of forage dunng favourable seasons; they
may go for extended periods with low levels of pro-
duction. During that time they will add litle aitre-
gen to the soil, Therefore we cannot assume that *x'
years of pasture will lead o *y" years of high pro-
ein grain crop. What can be estimated 1s the
amount of s0il nitrogen a measured amount of leg-
ume forage will add to the soil and compare this
with the expected nitrogen remaoval by erops. When
sufficient nitrogen has been added w satisty the ni-
trogen needs for the crop potential of the area, the
ley pasture can be removed.

When 1o introduce a ley

The following example uses the Nitrogen Deci-
sion Aid Workshop data and applies it to-a bongalow
soil in a low rainfall area like 5t George. The exam-
ple calculates the amount of nitrogen needed Lo sal-
isfy the cropping requirements of a partly (20 year)
and a severely run-down (40 year) sml, and est-
mates the amount of legume (orage necded . sat-
isfy targeted crop requirements. Estimates are hased
an a five year pericd which has been selected as a
reasonable time 1o consider a farm system in this
environment.

The nitrogen mineralised annually and for a five
year period from cultivations. of different ages 18
shown in Table 2. Growers then need to establish a
five year wheat prodoction estimate from their long
term records. Assuming that the targel protein is
prime hard, the nitrogen remioved in grain and the
nitrogen required in the soil (o achieve this can be
budgeted (Table 3). The efficiency of use ef nitro-

Tahle 3. Nitrogen removal in grain and available soil ni-
trogen requirement for estimated wheat production of
13% protein. Calculation are explained in the Nitrogen
Decision Aid Workshops (Lawrence ef al. 19971,

e ——
5 year wheat M removed Available N
productiontha) in grain reguired i soil
ikpfha) {kgha)®
50 114 284
a0 136 4 |

* The efficiency of upinke of mitrogen i takien as 40% 1_":'3:7&!]!
(B

gen is taken as only 409, that 15, only 40% of the
available nitrogen m the soil will be recovered in
the grain. It is also refevant that nitrozen nol used in
one scason s available to subsequent crops (Strong
et al, 1986). Nitragen which moves into the deeper
soil profile is protected Irom losses due 1o denitrifi-
catiom.

When to remove a ley pasture

Using the approximate relationship that locerne
and annual medics will fix 1.3% (or other rules of
thumb more appropriate for other species and areas)
of their dry matler production as nitregen. it is pos-
sible to caleulate the amount of legume production
needed to provide the targeted amount of nitrogen
calculated above (Table 4).

Thus an average legume ley yielding about 5
tonnes of dry matter over two years (the cxpected
vield of lucerne or medics during a short term ley in
a marginal cropping environment) will provide suf-
ficient nitrogen for prime hard wheat on the seil of
higher residual fertility, but not on the soil which
has run-down to the mineralisation capacity of a 40
year cultivation with a target yield of 6 tonnes of
prime hard wheat, In this case there is a need Lo re-
stare soil fernility using grass plus legume pasture so
that the average potential yield of lugerne or annual
medics will satisfy the requirements of the targetl
wheat yvield and protein, The grower needs 10 ¢st-
mate the dry matter production of the legume ley,
either by using photo standards or by formage sam-
pling, so that the amount of nitrogen contributed to
the soil can be caleulated. When that production is
reached the land can be returned o Fallow: thus the
time occupied by the ley phase is minimised.

FPerennial or annual ley pasture species

In a marginal environment, annual plants have
the characteristics needed o accommodate the vari-
able rainfall pattern. Annual medics set a high per-
centage of hard seed and are able w0 survive and
produce over a number of poor seasons (probably
up o five years) without major addition to-soil seed
reserves, Perennials like lucerne are highly produc-
tive when seasonal conditions are favourable but
have noe survival mechanisms when soil waler re
serves are exhausted and when rainfall fails, They
can however be used like annuals to take advantage
of their aggressive growth characteristics and ability
to fix high levels of nitrogen. In both cases. these
pastures should be treated like crops. Good prepara-
ton and planning will lead v maximom ley per-
[urmance.

In more favoured environments, producers seem
to Tavour either annual medics or lucerne as the leg-
ume for their ley legume and the reason is not clear.
There are advantages and disadvantages with both
and there may even be a case for planting medics in
combination with lucerne even though lucerne will
dominate in the established ley. At this stage in the
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Tabhle 4. The ahility of pasture legumes to supply soil nitrogen needs for prime hard wheat production in low rainfall

area for different ages of cultivation,

Axailahle N
reguired 1o produce
PH wheat {kg'ha)

Estimated five vear
wheat production (tha)

[ Ageof cutnvarton s 20 vears

h] 2 270

fi 341 ELK|
Ape of culrvation 1 ) vears

il 284 24

fa 341 240

M mineralised
fordifferent age
cultivation (kp/ha)

M deficit Legume production

{katha) needs when N fixation
15 1,5% of DM
Grdee fo e -
14 |
71 3
44 4
Hal 7

development of ley farming systems in the sub-trop-
ics and tropics, it may be less important which leg-
ume is used and moere important that the benefits of
pastures in rotation are being valued.

Ley pastures and soil physical factors

Pastures are likely to have their maximum effect
on the structure of soils of lower clay content
(loams and red carths), particularly those which are
hard setting. A measure of the benefit of organic
matter at the surface of the seil is hydraulic conduc-
tivity). This decreases more quickly than soil or-
ganic carbon  content when  soil is culuvated
{Connolly, pers comm.) and soil water infiltration
sufters accordingly. Ley pastures improve the
macro-porosity of the soil, When they are followed
by zero Ul and the detrimental effects of cultivaton
are removed there are multiple benefits; the hydrau-
lie conductivity remains higher for longer and hetier
water infiltration results.

Ley pastures and soil pests and diseases

It is well established that ley pastures act as a
break crop. that is they break pest and disease cy-
cles: Stubble borme discases of winter cereals have
increased with the movement to greater retention of
stubble (Wildermuth 1997}, In wheat the main stub-
ble barne diseases are crown rot and yellow spot
and the build-up of pathogens can be reduced by ro-
tating to crops other than wheat, such as ley pas-
tures. The times required to significantly reduce
pathogens in the soil can however be quite long (up
1o 4 years for crown rot),

The current concern about the spread and prolif-
eration of root lesion nematodes {Pratylenchus thor-
nct) appears justified as this nematode has been
found 10 be widespread in the northern grainbelt
(Thompson pers comm.). This pest can cause up o
S50% loss in grain vield, The use of tolerant wheat
varieties and rotations with poor hosts are recom-
mended. Ley pastures based on tropical grasses, lu-
cerne d4nd annual medics are possible poor hosts but
once again long periods of pasture mity be required
to cause major changes in the occurrence of the
nematode.

Economics

Using a hypothetical mixed farm on the Western
Downs, Gatfney (1995) employed a 'with and with-
out’ method to compare the ‘profitability of change’
for implementing alternative management strategies
studied at Warra. Based on the trial results his
analysis suggested tha for farmers on fedtifity de-
pleted soils (achieving only 2 tonnes/ha of wheat
and 8% protein) all of the strategies were more
profitable than continuous wheat.

Subsequent developmen in our understanding
of the commercial application of farming system
components such as fertiliser N, chickpeas, alterna-
tive tillage, ley pastures and alternative grain crops,
indicates that fulure analyses of farming systems
could combine rather than compare alternative prac-
tices. Based on a better understanding of available
soil nitrogen, stored soil water, and an estimate of
likely seasonal conditions, farmers. may employ
sirafegies which combine several of the manage-
ment options in their longer term farm systems.
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