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Abstract: A quarter of the apricaltural land in the Medilermnean-type environment of Western Australia i3
sown to wheat with the potential for large amounts of waler draining below the root zone each vear. Mitrogen
from soil mineralisation in the form: of NOy readily moves with draining water and the amouats can be
substantial, but also highly variable in such an environment. Leached NO; can be a major loss of a valuable
resource, causes soil degradation through soil acidification and contributcs o environmental problems by
aitrifving wetland and river systems. A crop siznulation moedel (APSIM) was used to cvaluate the amounts
and variability of NOs™ leaching below the root zone of wheat crops in Western Australia. APSTM caleulates
crop development. growth and vield, water and nitrogen dynamics in the soil. as well as uptake of water and
N by the crop. Nitrate leaching below the root zone was simudated for five major soil tvpes at a location i
the medinm rainfall zone (330-430 mm average annual rainfally of Western Australia with dominanl winier
rainfall. Soil profiles were assumed (o cither comiain 50 or 100 kg NOs;” N in the autumn with the NOy’
distribuied in cither the 0-30 cm or 30-60 cm soii lavers. Simulations were carried out with 90 vears of
historical weather records from Wongan Hills (390 mm annual average rainfall) with anmnual minfall ranging
from 161 to 675 mm. Stmudated valaes for NG5 leaching ranged from 0 to 163 kg Wha, with wide variation
in respect to seasorn, soif type and initial content and distribution of NO;™ in soil. Based on the simulations
undertaken. a framework was derived for a simple approximation of potential NO;™ leaching based on soif
tvpe, initial NO5™ in soil and annual rainfall.
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1. INFRODUCTION southern-Ausiralia [Fillery. 2001} The amount-of
inorganic N in the soil after legume phases is
About one quarter {5 milion ha) of the dependent on the amount of rainfall in the period
Tagriculiural Tand i ihe Medifcrianean-type T between T he T iegume and the subscquient crop”
climate of Western Australia is sown to spring phase. and previous legume history. Leaching of
wheat (Triticum aestiviin L) cach vear {Anon NCOy that accumulates in the soil before periods
2000]. Crops are typically sown on the first major of drainage in ley farming systems can be a major
rainfall from mid May through to the end of June. mechanism of N loss. For exampie. 40 - 60 kg
Seventy five percent of the annual rainfall is NG:” Wiha leached below 1.5 m in deep sands
received between May and October, resulting in a during  wheat  phases  following  either
high potential for water toss from deep drainage subterranean clover/capeweed pastures or lupin
especially in winter when vegetative growth and crops and without N fertiliser additions { Anderson
N uptake is slow due to low temperatures and low el al.. 1998]. Smailer amounts of NO; leaching
solar radiation [Asseng et al., 2001a}l. Increasing would be expected on fine-textured soils that have
temperatures and radiption in spring (September- inherently larger water-holding capacities and
QOctober) allow high growth rates. but declining hence lower rates of drainage than sandy soils for
rainfall and high {emperatures ofien resirict the similar mainfall conditions [Fillery. 19991 Smith
growing season in spring and early summer et al. 11998] reporied that only 4 kg NGy N was
[Regan et af., 1992]. leached below 0.9 m when a wheat crop was
grown on a clav near Wagga Wagga in a scason

Large quantities of incrganic N, chiefly NO5. can with 97 mm of drainage below 0.9 m

accumulate in soil during the summer-autumn
period in the annua!l legume-based ley sysicms of
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Leaching of NO; mincralized from  organic
sources s one of the major causes of soil
acidification in Western Australia [Helvar and
Porier. 1989 Plant growth and vieid are reduced
significantly on acid soils (pH measured in
calcium chioride < 4.8) duc to the toxic effects of
aluminwm on root growth {Dolling et al. 19911
Mearly 25% of Western Austmalia’s cropping sotls
have a pH below 4.8 {P.J. Dolling, unpublished).
Widespread applications of neutralizing agents
such s lone are reguired (o ameliorate these soils.
A ol of 3.6 kg of CaCQy/ha is required to
neutralize the acidity when | kg/ha of NOy s
icached. with nitrate resulting from an organic or

£33

urca source jHelvar and Porier, 1989].

The quantity of NGO leached depends on soil
hvdrautic properties. the timing and intensity of
ramfall and the amount and timing of N
mineralisation. Therefore. measurements of NGy
icaching are not ecasily ransferable  across
seasons. locations angd soil ¢ypes [Fillerv. 1999
Biophysical soil-crop models are useful tools to
csfimate NGy teaching for a range of seil types,
climate (primanly amount and distribution of
rainfall) and crop management. A simulation
analysis was conducted to quantify the amourt
and varability of NGy leached below the root
zone of wheat crops for different indtial soit NOy
bl profiles. across soif types and a wide range of
historical weather scenarios. The data were used
to derive a simple approximation of the potential
N3 doss based on soil type, iniligl N orofile and

1998 Turpin et al. 1996] and NO: icaching
below the root zone [Asseng et al.. 1998a).

APSIM is a simulation modcl, comprising
modules dealing with soil water (using the
module SOILWAT which stmulates the verlical
water movement in a lavered soil svstem using a
muiti-layer cascading approach). soil nitrogen
{SOILN). crop residucs (RESIDUE). crop growth
and development (Nwheat) and their interactions
based on daily calculations. The module APSIM-
Nwheat calculates the potential growth of wheat
not timited by pests. diseases. weeds and lodging,
but limiled by tempetature. solar radialion. water
and nitrogen supply.

APSIM-Nwheat was developed from the CERES
family of crop and soil models {Riichie et al.,
1985: jones and Kiniry, 1986], and the PERFECT
modei [Littleboy ot al.. 1992]. as modified by
Probert et al. [1995. 1998]. The main differences
between the APSIM-Nwheat model and the
CERES-Wheat model are sunmmarized by Prober!
et al [1995} and Asseng et al. {1998b].

2.2 Sepif Mineral Nitrogen

Mineralisatton and inmmobilisation of soil N are
simulated in the APSIM soil N module [Probert ct
al., 1995; 19981, Mineralisation  and
immobilisation are simuolated using a constant
o ratio of the rpr‘ﬁi\'ing Qroanic matier pnnic

annual rainfall for wheat crops grown in the
agricultural region of Western Australia. This
framework can assist in better targeting of N
fertitizer and inbudgeting of Hme;

N ATERIAL S ARD METHe e

2.1 The Simulation Model

The Agriculiural Production Systems Simlator
iMoCown et al.. 1996]. APSIM-Nwheat' {version
[.33s}. was vsed to estimate NGy leaching below
the root zone of wheat crops. This model has been
rigoronsly tested agminst Held measuroments, in
particular soil nitrogen and crop N uptzake under a
large range of growing conditions [Asseng et al,
1998b: 2000 2001a; 2001h; Probert et al.. 19935;

" Documented model source code in hvpertext
format can be obtained by writing 1o Dr B.A
Keating, CSIRO Sustainable Ecosystemns /
APSRY. Long Pocket Laboratories, 120 Meiers
Road, Indooroopiily, Qld $068. Australia. email:
Brian Keatingiicse. csire.an. or can be viewed at
www.apsim-help fag.csiro.an,

Mineral N released from organic material during
mineralisation and immobilisation of inorganic N
into organic material are both functions of the
quantity of surface residues, the size of erganic
matter pools and their C:N rmtio. plus soil
temperature and soil motsture. The soil N moduie

also sumulates nitrification. denitrification and

urca hvdrolysis considering NH -N, NOs-N and
urea-N  conceniration. soil  temperature, soil
moisture. active organic carbon and soil pH
{Probert ct al., 19935; 1998].

In the model NH.-N is assumed o be immebile in
the soil while NO+-N and wrea-N move with the
mobile water according o their concentrations.
Nitrate and urca. if the later is present, arc
displaced into 2 lower soil layer by the downward
movement of watgr, Any WOs-M or urea-N
cntering a soif laver is included when determining
the concentration Tor displacement into the next
laver down. HN fertiliser is applied. the fertiliser
is added to the soil wes-N. NH;-N or NOs-N
pools  according i the components of the
fertitiser.



2.3 Stmnulation Experiment

A simulation experiment was condicted using
five major soil types: deep sand. duplex (sand
aver clav). acid loamy sand, loamy sand and clay
soil in Western Australia [Asseng et al,, 2001a]
with plant available soil water-holding capacities
in the potenttal root zone from 33 to 130 mm.
Ninety vears (1907-1996) of historical weather
records from the medium rainfall zone (3530430
mm annual long-term average rainfally at Wongan
Hills {31.05 116.7E) were used in the experiment.
Orver these years the annual rainfall ranged from
161 to 673 mm, giving vears with mainfall below
the long-ierm average rainfall of low rainfall
locations (300-350 mm) and above the long-termy
average of high rainfall locations (450-600 mm)
in Western Australia.

Table 1. Initial soil N profiles set on 17 April
¢ach vear.

Nitrate in soit profile (kg Nfha)

Soil depth

(o) AZ 31 32
-30 30 1S 0 0
30 .60 0 {3 5 100
>0{) 0 {J { {0

Fow soil NOs-N profiles were initialized on ¥
April each vear with 50 and 100 kg N/ha evenly
distributed between 0-30 ¢m and 30-00 o lavers.

respectively  {Table 1), These NG;  profiles
represent possible scenarios of sl N resulting
from mineralisation of previpus cereal and
tegume residues {Fillers. 2001] and movement of
NG;" duc to sunumcer rainfall, Zero and 50 kg N/ha
was applied as orea at sowing as an addilional
treatment to analvze the effect of fertilizer N
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The soil water was re-set on 1’ January cach year
to the lower lmit (LL) o avoid any carrv-over
cffects  between  vears.  Sowing  time  was
controlied by . the. following . rule: it occurred
between 5™ May and 317 July, but did not occur

=th

before 3 June unless at least 25 mm of rainfall

“hgd -peenmmatated within-the previous 10-days-or

alter 5% June until at least 10 mum of rainfall had
accumuiated.

Fionre 1. Simulated NO;™ leaching below the
potential root depth of 150 cm in an acid loamy
sand with initial soil N profiles: A1 (@), AZ
{8). Bl (&) and B2 (0). No fertiliver N was
applied to.the crop. Lines show lincar regression.
for cach initial soil M profile {.r: = {},80-0 863,

Table 2. Average (£s.d.) threshold rainfall needed to start NO5™ leaching below the potential rooting depth in
a soil (average of vears. for all soil NOy profiles. and zero and 50 kg N/ha fertilizer Nj.

Soil type

Sand Duples Acid loamy Loamyv sand  Clay
sand
Potential root depth {om) 130 gt 1350 234 130
Plant available soil water-holding
capacity (mm) 35 81 90 30 11
Reqguired annual rainfall lo _
commence NOy Jeaching {(mm) 3417 296 £28 334217 $08 £8 434 i1
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3. RESULTS

The amoeunt of W04 feached below the poiential
root depth of wheat crops varied from 10 163 kg
Miha with a pereentage standard deviation ranging
from 43 to 200%. The amouni of NOy leached
depended on the anmual rainfall. seasonad rainfall
distribution. soil tvpe and initial soif N. However.
despite large variations in NOy™ leaching for any
given annual rainfall, the intercepts of the linear
regression  {or the commencement of NOy
leaching) for each initial NO; soil profile was
simifar (Figuee 1) This i illustrated for an acid
ivamy sand. bui the same response occuried for
the other soils. although the rainfall needed before
M, leaching was initiated varied with soil tvpe.

Yor ail soil types the tweshold rainfall needed for
MOy leaching was only 7% lower when NO; was
distributed in the 30-60 cm soit layer compared (o
the 0-30 cm soil layer. Application of N fertilizer
changed thie threshold rainfsll needed to initiate
BNy leaching by 5% on average for ali soil tyvpes
(r' for each individual rcgression ranged from
(.59 10 0.87, data not shownty. Hence. the overall
gversge rainfall required to start NGy leaching in
the treatments examined differed by loss than
0% compared lo average values for each soil
type {except for two treatmcenis in the duplex soil
with <13% of the duplex soit average).

This finding implies that a single threshold
rainfall valpe could be used as a simple [irst

{amount of N lgached per mm of rainfally as
shown for the 100 kg/ha initial N in 0-30 cm
freatment (A2y in Figure 2. Furthermore., the
initial soil N profiles had 2 large effect on this
slope. particalarly in the low water holding sandy
soifs (Fig 2 and Table 3). Application of 3G kg
N/ha of fertilizer N at sowing of wheat crops
mncreased the slope of the regression by 15 1o 20%;
for a clay and a sandy soil. respectively {data not
shown),
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Figure 2. Simulated NG5 feaching below the

pn!nnh alreotdepth {see Table 1 } fora deen sand

approximation {o mifiate NOs eachmg based on
soil tvpe and anpual rainfall (Table 2

in addition 1o the large cffect of soil type on the
commencement of NGOy leaching (Tabie 23 soil

£ p; also affected the hlopﬂ of the regression

i il o ey ritty il R

s {®), duplex. d (8). acid loamy sand, als (D).
deep loamy sand. is (0) and clay. ¢ (+) soil with
A2, No fertitizer N was applied to the crop. Lines
show lincar regression for each soil tvpe (™ =
0.62-0.80).

Tahie 3. Leached MOy (kg N/Aa) below the potential root depth of a soil type per mm annual rainfall
received sbove the required rainfall amount fo commence leaching (see Table 2), without N application to the

CEOp.
Soil type
Lurtiad sofl NOy profile Sand Duplex Acid Toamy sand Loany sand Clay
Hikg Nham O- 30omiAal) 16 047 0.12 (.04 0.04
1) ke M/ham O- 30omi{A2) 028 013 0.21 0.07 0.07
S0 kg Nrha i 30 - 100 eom (B BN .11 0135 0.06 (.06
104 kg Ma in 30 - H00 om (323 0.32 021 (.26 0.1 01t
Maan 0.24 013 (18 0.7 o.07
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4. DISCUSSION AND CONCLUSIONS

The vatucs of NOy leaching predicied using the
APSIM-Nwheat model varicd with annual rainfall,
physical propertics of soil types {(mainly piant
available scil water-holding capacity) and initial
soli NOy in the soil profile, Measured values of
NO; leaching. although also variable. generally
differ less widely for a given soil type [Anderson
et al., 1998 Dunin et al.. 1999]. This is indicative
of the limitations of silc and season specific
measwements as representations of a  highly
variable system, A simudation model can be used
1o overcome this lumitation by taking o account
the variability associated with rainfail. soil types
and initial soil NO; " profiles. In addition, the large
amount of output data created by the simulation
model allows a comprehensive analysis of the
svstem and the search for simple approximations
that can account for most of the treatment
differences.

The simple framework of threshold rainfall and
NO;" leaching rate derived here can be used as a
first approximation of NOy leaching below the
potential root depth of wheat crops grown in the
agricultural  areas  of  Weslern  Ausiralia,
Knowledge of the plant available water-holding
capacity of a soil is sufficient to estimate the
commencernent of potential NOy™ leaching, since
the ihreshold for commencing NO;y™ leaching was
not effected by initial soil mincral N in the profile
nor by the fertilizer N application significantly. In
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