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A wheat module was attached to the APSIM (Agricultural Production Systerns Simulator) cropping
systems model to examine crop growth and water dynamics of a crop-soil system. Simulations were
carried out for wheat crops grown on a soil type which is characterised by a layer of sand (ca. 35 cm
deep) with low water holding capacity over deep compacted clay. Experimental data was obtained
from 8 studies conducted over three seasons. Sowing date and seeding rate varied between the studies.
Precipitation was predominantly in the vegetative phasc of the wheat crop, and grain filling occurred
in a period of increasing atmospheric evapotranspiration demand. The combination of crop and soil
modules linked in APSIM were found to be sufficiently sensitive to the soil and climatic factors that
constrain wheat yields in this region (range of wheat yiclds from 0.7 to 4.2 t ha™'), Water delicits and
soil constraints, particularly root growth restrictions, were identified as the major factors limiting
yields. There was geverally good agreement when simulated results were compared to crop biomass,
LAI yield componcnts and the dynamics of soil water measurcd in the field. Shoot growth and leaf
development were occasionally overestimated and this is thought 1o be due to the inability of the
madel to describe the effccts of frequent waterlogging,

APSIM {McCown e af, 1993] provides a
framework for simulation of cropping systems.
it consists of linked modules of crop and soil
processes together with input / output and

INTRODUCTION

Western Australia has about 53 million ha of
fand that is cropped cach year, The major crop

is wheat (ca. 3.4 million ha) with an average
vield of 1.4 t ha™ [Turner, 1992, About 60%
of the crop production in Weslern Australia
occurs on yellow or yellow-grey duplex soils,
comprising the Dy series of Northeole ef al
[1975]. The soils are characiensed by sandy or
loamy A horizons of varyving thickness, which
overlie yellowish clayey subsoils. The shallow
sandy taver has a low water holding capacity,
the clay subsoil is compacted and poorly
draining.

The climate type in the Weslern Auvsiralian
wheatbelt is Mediterrancan with precipitation
predominantly in the vegetalive phasc of a
wheat crop. Lillle vprecipitation  occeurs
postanthesis when the evaporaiive demand can
be high. The concentration of rainfall in the
winter peried on soil types that possess
subsoils that impede water movement and root
growlh can cause major Himilations to crop
production {Turner, 1992}, Large variations in
wheat yield, ranging from 0.7 to 4.2 t ha'l
have been recorded [Belford er /., 19811,
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management modules. The objective of the
work was to test, and adapt where nccessary,
the mode!l to Western Australian conditions
with a view o subsequent exploration of a
range of management options for wheat
farming in Western Australia,

In this paper, we examine the ability of the
APSIM wheat moede! to predict wheat growth
and grain yield on a duplex soil in a
Mediterrancan climaic. The sensitivity of the
crop-soil system {o roct elongation rate will be
discussed, and the components of the model
requiring further deveiopment and lesting will
be highlighted.

METHODS

Medct

Wheat, water and nitrogen modules were
attached to the Agricultural  Production

Systems Simuiator (APSIM) {McCown ef al,
1993]. The wheat module was an adaptation



of CERES-Wheat version 2.0 [Ritchie ef af,
19881, This module simulates crop phenology,
leal and tiller development. Photosynthesis is
based on intercepled radiation and carbon i3
partitioned to toots, leaves, stems, cars and
grain. It simulates the extension of a root
system {o depth and development of root
length density, water and nitrogen uplake,
nitrogen  distribution to  plant parls and
retransiocation of carbon and nifrogen io grain
during grain filling. Water and nitrogen
deficits and unfavourable temperatures afloct
the key crop processes by modifying the rate of
growth and assimilation.

The original CERES model stiucture was
modificd by Keating [pers. com. 19931 and
includes the replacement of the CERES waler
deficit routine with a routine based on the
{raction of available soil water (fasw) in the
root zone, Photesynthesis is Himited when the

Jasw fatls below 0.25, leaf area
limited when fasw is lower than 0.43, The
crop water demand is linked (o biomass
production via transpiration cfficiency instead
of being a function of potential evaperation
and Icaf area index (LADY as in the original
CERES model. A further modification to the
original CERES model is that the rate of root
extension in any soil layver caa be sct to a
value less than the maximum of 2.2 mm per
°Coday’ to simulate unfavourable soii physicat
and chemical condilions {Kealing pers. com.
19931,

development 1s

The APSIM wheat model has been calibrated
and tesied {or wheat (var. [Hartog) grown in
CGueenstand and wheat {var, Gamenyay grown
on deep sandy soils in Westers Australia by
Keating {pers. con. 1993].

The water and nitrogen modules used are
described by Probert ef al [1993]. They
represent elaborations of earlicr water and
nitrogen ronfines in CERES-Maize [Jones and
Kiniry 1986] and PERFECT [Littleboy ef al.,
1992}, The water module, SOILWAT is a
multi-layer cascading representation of the
soil water balance that also redistribuies
solutes along with water flux between layers,
The nitrogen module, SOILN, deals with soil
organic matter transformations, nitrification,
denitrification, and provides a totai balance of
carbon and nitrogen.

Ficld Data

Eight data sets were used to test and adapt the
APSIM model to duplex soils in Western

Australia. These sets include information on
shoot biomass, tiller number, 1oot biomass,
root depth, root lengih density, soil water
content and perched soil walertable, as well as
phenology., Data was obtained from ficld
experiments conducted  between 1990 and
1992 [Gregory and Eastham 1995], Wheat
(var. Kulin) was sown carly or late in each
season; the early sowing date was dependent
on opening rains, As a result, sowing date
varied from the beginning of May to late June.
Two sowing densitics {112/121 and 186/2035}
were used in 1992 for the carly and late sown
treatments.. Nitrogen fertiliser (60 kg N ha™ in
1990; 90 kg N ha'l in 1991; and 80/90 kg N
ha' in 1992} was applied as urea.

The required daily weather input dala o the
model  (selar  radiation, maximum  and
minimum temperaiure and precipitation) were
oblained from the Western  Australian
Department of Agriculture weather station
jocated 200 m north of the field site. Missing
temperature data were caloulated using a
regression between onssite maximum  and
minimum temperatures and weather records
ohtained Trom nearby Burcau of Metcorology
weather stations. Missing solar radiation data
were  calculated  using a  regression  of
maximum temperature and solar radiation,
Missing precipitation data were calculated
using on-site cumulative rain gauge data and
precipitation  from  necarby  Burcau  of
IMeteorotogy weather stations,

To paramelerise the model for the duplex soils
and the wvariety Kuflin, different literature
sources were utilised. Soil water parameters
came from Tennant ef af. [1992], Gregory and
Eastham [1993] and Tennant [pers. com.
1994] and crop paramcters from Loss ef al.
[1989], Siddique (1989], Gregory and
Eastham [1995], Simmons and Crookston
[1979]. Scil nitrogen parameters (inorganic N
in the seil profile at break of season) were
obtained from measurements underiaken on
lupin-wheat rotation  treatments  at  Hast
Beverley in 1994 {Fillery pers. cont.}.

&

To quaniify model performance, medel
precision (F) and bias were caleulated. Model
precision is the measure of the population
variance accounted by the model and s the
same as the correlation coefficient of the 1:1
line with zero intercept.



RESULTS

The long-term annual rainfall at Beverley is
421 mm with 350 mm between May and
November inclusive [Perry and  Hillman,
1991]. The vears 1990-92 expericuced below
average rainfalf doring the entirc growing
season,  but  rainfall  stil exceeded
evapotranspiration during the vegetalive phase
of wheat. This excess rainfall caused water to
perch above the clay subscil, and occasionally
the perched watertable reached to the surlace.

Low rainfall after anthesis in 1990 and 1991
caused Jow grain {illing rates, resulling in
grain vields between 1.8 - 2.5 ¢ ha'. Wheat
largely drow on stored water during the post
arthesis perfod in 1990 and 1991, In contrast,
in 1992, 21 mm of rain fell on 1920
September and this recharged the surface soil
waler content.

According {0 Gregory and Eastham [19951 the
carly spwn wheat in 1992 was allecled by
Sepforia. Thercfore, grain vicld and shoot
biomasgs measurements after anthesis in the
early sown wheat 1992 were omilled.

All 8 wheat trials were simulated with the
same genetic crop cocfficients and the same
set of soil paramcters, including initial soi-N
contents. Sowing date, density, and daily
weather data were specific to the scason and
crop growil/prain yiclds being simulated.

Adjustment of Soil and Root Parameters

Inttial simulation runs with the APSIM model

identified  problems  with  simulation  of

recharge and depletion of soil water from the
clay subsoil in the duplex soil. Neutron probe
measurcments [Gregory and Eastham 1993]
showed that the water content in soil below 60
cm was relatively constant throughont the
growing seascn. This finding suggested that
water moved through preferred pathways in
the subsoil during periods of drainage, and
that wheat docs nol extract soil water below 60
cm in the soil under study. To simulale these
observations we sct the soll water conductivity
paramcter in soil fayvers deeper than 50 cm o
1.0 to enable excess water above the drained
upper limit 1o feave the soil profile. Tt is
notable  that  simulated  drainage  valucs
corresponded 1o observed drainage data
[Eastham pers. con. 1995]. Adjustments were
also made 1o the soil hospitality factors to slow
down root clongation in the whele profile in
order 1o match observed root  elongation

e

during the season, in particular the limited
root elongation below 60 cm.

Simulation results

Inclusion of a wvalue of 1 for hydraulic
conductivity in the clay layer and changes to
the soil hospitality hospitality factors for root
growth improved the fit of simulated
compared to observed soil water data. In
general the APSIM model simulated the soil
water balance in a realistic manner, with a
waler- filled profile throughout the vegetative
phase of wheat followed by rapid drying of the
soil profile by crop water uptake after anthesis,
i most cases down to 60 cm.

A comparison  of observed wheat root
clongation depth for 1990 to 1992 studics with
that simuiated in APSIM is shown in Fignre 1,
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Figure 1: Companson of observed wheat root
elongation depth for 1990-1992 with that pre-
dicted by APSIM. F is model precision.
Broken lineis 1:1.

Simulation rups for 1990 and 1991 were
initialised on I May, those for 1992 on 1
April. A comparison  of the predicted
biomass/grain  vield  against  observed
biomass/grain yield for the three seasons is
shown in Figure 2. Simulation of shoot and
root biomass, and grain yield were reasonable,
aithough there was a tendency for the model to
overestimate  biomass  production and
especially LAT at times when the perched
watertable came close to the soil surface.
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Fisure 2: Comparison of observed wheat shoot
biomass (<) and grainvield (0) for 1990-1992
with that predicted by APSIM. Model precision
F and bias for wheat biomass, excluding grain
yield. Broken lincis 11

Grain number per m® and specific prain
weight were adeguately simulated, while shoot
numbers per m° were overcstimated in 1990
and 1991 but simulated well in 1992 {data not
shown). The predicted date of anthesis was
fater than that observed in 1990 and 1991 In
contrast, anthesis was predicted 8 days carlier
than observed for early sown, low and high
density treatments in 1992,

All simulations of crop growth suggested that
suboptimal N nutrition would  rosult in
reduced leaf expansion and photosynthesis
during the vegetative phase. Waler deficits
had the major iopact on photosynthesis, and
teaf senescence during grain filling.

Sensitivity to Roof Elongation Rate

Sensitivity analysis 1o root clongation rate was
undertzken to gvaluate the importance of root
system development in duplex soils. Input
paramelers were for the 1991 carly sown
wheat except the root clongation rate in the
top 30 cm of the soil was a) increased by
100%, and B), reduced by 30%. In both cases
root clongation was meodified by altering the
soil hospilality parameter. None of the other
inpul parameters to the model were changed.

The fasier raic of root growlh increased N-
uptake from deeper soil layers, and reduced N-
deficit. These changes lead to increased fcaf
expansion  and  photosypthesis  during

vegelative growth, The larger biomass resulted
in a higher grain yield potential (Figure 3),
tigwever, the larger biomass and leal area
transpired more water catlier in the crop cycle
resulting in reduced water availability later in
crop growth and increased water deficit and
reduced grain filling (Figure 43,

A reductien in the root elongation raie by 50%
in the top 30 cm reduced N-uptake and,
increased (he N-deficit during the vegetative
phase.  The resulting N-deficit  reduced
biomass production which reduccd the water
deficit later in the scason, cven though waler
uptake only sccurred to a depth of 30-40 cms,
cormmpared to 30 te 60 oms in the other
simulations. The highest grain vield was
predicted in the unmodified simulation with
1.7 t ha™. which agreed well with the recorded
vield of £.9¢ ha for this treatment {Gregory
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Figure 3 Fffect of increasing or decreasing oot
clongation rate on shoot biomass and grain yield
Original simulation applics to 1991 wheal data
Vertioal bars show precipiiation.,

and Eastham 19951 A theoretical increase
and a reduction in root elongation resulted in
lower simulaied grain viclds (L4 10 1.5 1 hay
compared that recorded.

BISCUSSION

It was possiblc tu capturc a large part of the
shserved variation in wheat growth, yicld and
sofl water content in a duplex soil with the
wheat, water and nitrogen routines linked inte
the APSIM cropping systems model Perched
watcrtables were not simulated in this model,



but the data contained evidence of their impact
on root growth, leaf area expansion and shoot
biomass production. The soil water model
adequately described the water content data in
different  soil layers without  explicitly
simulating perched watertables.
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Figure 4: Effect of increasing or decreasing root
clongation rale on water and nitrogen  stress.
Original simulation applics to 1991 wheat data,

Additional acration-deficit Tactors will have 1o
be included in the model to account for the
effect of oxygen deficits on root, leaf and tiller
growth. Belford ef of {1985 and Mever and
Barrs [1988] have described the relationships
between oxygen in water filled seil pores and
assimifation and growth processes in wheat.
These relationships will be used 1o construct
routines that modify wheat growth in response
to oxygen deficits following wateriogging
cvents in duplex soil. The affect of oxygen on
denitrification is handled in the seil N madule
{Jones and Kiniry, 1986].

The sensitivity of the crop-scil system to root
elongation rate highlights the importance of
accurately simulating the root system in depth
and lime. The practical value of the APSIM
model is underscored by the ability of the
mode! 1o account for complex interactions
between root growth, soil factors and season,

Further work Is needed on the description of
waterlogging  effects on root growth and
biemass production and grain vield before the
APSIM model can be used with confidence (o
explore the effect of a number of management
issucs in wheat preduction on duplex soils.
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INVITED

Simulation of Pasture and Sheep Production on the Northern
Tablelands of New South Wales Aunstralia.

MALCOLM. ] MCPHEE. Elizabeth Macarthur Agricultural Institute. NSW Agriculture, Menangie, N.§.W., Australia.

Abstract.

The paper demonstrates the verification and validation of the mathematical relationships for a Northern Tablelands version of SheepO
(version 4.0, a Decision Support System that simulates pasture and sheep preduction. The current version of SheepO (version 3.0) was
primarily developed for the Winter rainfall arsas of Southern Australia and fails te work in regions with a Summer rainfall pattern.
Therefore, these differences in regions liave led to the implementation of a water balance medel, a digestibility model and the development
of 1 shoot death model. The development of the shoot death model used production data fer fine-wooled Merino wethers (4-5 year old)
grazing on a Phalaris/White clover pasture obtained from an experiment conducted at CSJRO, Chiswick, Armidale (Latitude 307, 31'S,
Altitude 1070m). The verification of version 4.0 shows the calibration of pasture and sheep production at a low (9.9 sheep/ ha) stocking
rate and the experimentation of making one management change to a high stocking rate (19.8 sheep/ha), Similarly, validation is shown
using an independent data set from Glen Innes (Latitude 297, 42'S, aktitude 1057m) of fine wooled Merino wethers (8 months old) at low
and bigh stocking rates, respectively 10 and 15 sheep/ha. SheepO version 4.0 will assist advisers, producers and researchers on the
Northern Tablelands of New South Wales, Australia to investigate the cutcome of changes to current management strategies.

LINTRODUCTION

|3

Sheep(, a sheep management package that mimvcs the pasture .MODEL DEVELOPRMENT

and sheep production of a farm, addresses "what i questions

regarding  different management strategies.  The  mitial 2.3 Differences between version 3.0 and 4.0
development of SheepO dates back to the early 1980's when
White et al {19837 developed a financial and biological simulation
model of a breeding swe flock. SheepD continued to evolve from
these carly beginnings into a microcomputer Decision Support
System {55} { Sheep( version 3.0, McbLeod et al. 1992},

The main difference between version 3.0 and 4.0 is that version
4.9 has a regional moedel for the Northern Tablelands with a
swmimer rainfall pattern. The original program, version 3.0, was
developed predominantly for the Southern area of Australia with
a Winter rainfall pattemn generally depicted by an Autumn break

The primary apphcation of SheepO's version 3.0 {o date has been
in the Winter rainfall areas of Viotoria and Southern N.SW.
Lnder various test conditions il was found that version 3.0 faied
to calibrale pastures m a Summer rawnfall environment
Therefore, with approximately 21.6 million sheep grazing on the
Morthern Tablelands #t was considered a high priority to develop
a vegional model for this envionment. As Jakeman [19931
indicates, the easisst alternative to a highly complex generic
environmental model is to "develop madels which bave, within
sach region, a common model structure employing the same set
ol processes”.

Sheep(. version 4.0, utilises 2 common model structure for
pasture and sheep production along with three regional modsls
for water balance, shoot death and digestibility of the green
pasture. This paper sets out to describe, verify and validate the
regional models for the Northern Tablelands version of SheepO
{version 4.0).

oscurring between Mareh and June and a drying ofl period that
beging sometime between October and February. However these
indicators do not exist on the Northern Tablelands.

Figures | and 2 show the failure (Figure 1) and success (Figure

2% of calibrating pasture and shesp preduction on the Nerthern
Tablelands with and without a regional medel.
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Figure 1: Ssmulation of Green and Total Pasture Version 3.0 at
a Low Stecking Rate,



