Evaluating options io reduce greenhouse gas emissions from an Australian
iemperate wheat cropping system.
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L INTRODUCTION

The atmospheric concenlrations of radistively-sctive  {or
‘preenhouse’ gases such as carbon dioxide, methane and
aitrous oxide have ercascd markedly over the past 100
vears, fargely through bunum activities such as burniny lossil
luels, o clearing amd increased spricultural production.
The increasing Mmosplicric concentrations of these pases we
now considered 1o have the potential (o couse chauges
global climate (IPCC 19 Along  with most other
develeped nations. Ausiralin has made o commitoneni o
stabilising greenhouse pas cmissions through signing the
Framework Convention on Clunate Change. The recent First
Conference of the FParties 1o the Convention raised the
possibility  of binding  coigsion-reduction targets and
timetables  Tor  developed  nalions  ncluding  Australia,
However., the Australian Governmuent recognises thal the
measures it the Natopal Grocshouse Response Strategy
(1992) and the 210 package (Anon 1995) releused curlier
this year wifl not by themselves close the “gap’ needed just Lo
stabilise cnussions. Therelore. there is o neced {o identify
further activilics thal may contribule to reducing Australia’s
nel greenhouse gas CHUssios.

The Naotiomal Greenhouse Gas loventory (NGGL 19U}

indicates thal about J0%% ol the natronal pel cnnssions voeny
througl the activities of the Austradinn sral mdestrics, both
dizectly {o.g ncthane from Hvestock, adions oxede cmsssions
frotn fortlisers, soif carbon raaduwn dn pisiuresy and
dircetly (e tuough activities sach ay bnd claumge)
'iiiammh i s reeopmised eyt lrge uncertnoatios sugronmd
B clesrang wineh forms o sepniicunt cosuponenl of those
cuussions. Wiilst ngricalivre and orelated aobivibes o
stgitlicant contribulors o emissions, there e apporianrhes
for emission reductions. Previous studics o g, Howden ot of
1994y sugpest that pohicies designed specilically o reduce
precnbouse  gas  chussions froan agricsiure sbondd
concendrate  {irst on eocouraging the adoption of low
cniission technofopics and managoment aod the bantdup ol
carbon sinks, These activities are often closely sehated o the
adoption of sustamable land mannpgemond poactices. 1ot
Tonpwny  and Ladwig  (PrH) 0 shiow i

exnanple,
sehabiliotion of depraded sredop lands o sesall e
substangial tncreses o osodl casbons aud Ashoof of 0 (1995)
lve supgestod that rehabilitition cosld segoester abot
440M of carbon i the northern Austrdun grazimg lands
alone, Howden of af, (1994 sinilarly sogpest Ut there e
optious thal could rednee nol greenhouse gas coussions lrom
tropicnt and temporale gradng systeis that may morcase the
sustainubilily o fhose systoms I cropptigs syslons, oy



studies (e.g. Li ef al. 1993} suggest that conservation tillage
can resull in large-scale carbon scquestration whilst more
conventional tillage practices may result in further run-down
of soil carbon stores. Hamblin (19915 estimated that such
management changes could result in an annual reduction of
LOMt of Australian carbon emissions.

Wheal cropping syslems can be sources of carbon dioxide
cmissions through the run-down of soil carhon and other,
mwore transient carbon stores such as litter. through stubble
burning and through fossil fuel combustion during lilking and
other operations. However, these systems can also act as
sinks for carbon dioxide (CO2) if soil carbon is increased
through practices such as conservation tllage and reduction
in stubble burning. These systems are also sources of
methane (CHy) through stubble burning and fossil fuel
combustion, and are alse sources of nitrous oxide (N.O)
through fortiliser application, the denitiification of soil
nitrogen store, and from stubble burning and fossil fuel
combustion,

This paper describes a [ramework for evalualing the effcots
of differenl managemenl Systems on greenliouse  gas
emissions and the long term carbon balance in the wheat
cropping svsticms of the Wimmera region of western
Victoria A fallow-wheal crop simulation wmodel (O'Leary,
199:4) was used o cstimate the lkely changes in CO., CH
and N3O emissions and soil C levels as a consequence o
stabble retention, zero (Hlage snd use of nitrogen lerilisation
50 as o develop recommendations as to likely lcast-cost ways
{0 reduce greonbouse gas erissions.
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Z. MODIFYING A WHEAT CROPPING MODEL
TO INCLUBDE  SOURCES,  3INES  AND
STORAGES OF GREENHOUSE GARES

2.1 Deseription of the fallow-wheat moded

The model describes the growth and development of wheat in
a fallow-wheat dryland cropping system with  special
reference to comscrvalion tillage sysicrns. The moedel is a
revision of a proviously published medel (C'leary of al
1985y, and now includes @ treatment of soil water and
nitrogen a5 alfected by conservation tiliage methods
(O'Leary 1994), lis particular strength is thal il defines the
component processes in a compartmental manner. The modst
is designed (o run cither as single-vear or mult-year
scenarios with multiple management oplions,

The mode! has 27 state variables grouped inle six sub-
models. viz. soil waler, soil carbon, soil nitrogen, crop
biomass, crop nitrogen and phenclogy wilth 1wo further
modales en environment and management. 1 runs on a
daily thine-sicp.

Carbon enters the systom through crop growth and nitrogen
is added through atmospheric deposition and through
{erliliser, when used, The carbon and nitrogen from the crop
cater the soil through the decomposition of crop residues and
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rool biocmass. The soil carbon and nitrogen models use four
main pools: fresh organic matler. microbial biemass, humic
material and surface residues. Transfers between these pools
and the crop occur with complex inferactions, Temperature.
soil oxygen and water content. tillage, soil tvpe. C:N mtios
and maintenance respiration demands of soil biomass all
influcnce the rates of transfers between soil pools. There s
also release of CO5, NH; and denitrified N to the atnosphere.
There s also a range of products produced during the
burning of crop residues.

Met emissions of carbon dioxide were calculated as the
dilference between carbon dioxide emissions and the carbon
dioxide absorbed from the atmosphere during growih,

The model docs not distinguish between the refease of No and
N0 throngh denitrification. The relative proportions of Ny
and N0 cmitled cun vary considerably. However, Dusbury
(1984 found that in most cases, less than 20% of the cmitied
nitrogen was in the form of M0, The high clay comstent of
the soils in the Wimmcera region are likely o reduce this
proportion further as the N-O is adsorbed more strongly on to
clay particles than is N2 (Li ef of. 1992}, Thus an assumption
was wade for all management treatments that 0% of the
losses of M through denitrification were emitted as NyO. This
cmpirical  approach  is  inadeguate  in that  differcat
management freatinents are Hlkely 1o resull in varving ratios
of N20: Mo due to differcnges i carbon substrate availability,
nitrogen  transfors, soil waler content and  tomperaluse.
However, sensitivity analyses showed that a wide range of
raties did not affect the thrust of the conclusions of his
study. Nore cifective simulation of N-O cmisstons may be
achieved through incorporation of routines from & modcl
such as that of Li ef ol {1992) which simulates populaiion
dynamics of bhoth nirifving and denitrifving organisms.
However, there would remain 4 need o calibraie and then
validate the completed model for 2 wide range of Australian
wheat cropping situalions.

2.2 Burning

Burning s a comunon  management  practice in the
management of these wheat cropping systems, 1 is used o
remoeve stubble to facilitate lilling operations and for the
control of some discases. Burning thus ocowrs only in the
WWCT and NSCT treatments (described later). Of the
carhon that was relcased from the crop residues, 0.35% was
reieased as methane with the remainder released as carbon
dioxide. carbon mwonoxide or uwon-mcthanc  volatile
compounds (NGGL 1994). Of the pilrogen released, 0.76%
was i the form of nitrous oxide with the remainder as NO,
or M.

2.3 Fuossil fuel emissions
The wide vafation in crop management results in substantial

differcnces in the energy requirements for cultivation. This is
duc to variations in the number of operations, ractor and



implement combinations, and the fuel demands imposed by
ihe nature of the material being cullivated (Huzzey 1985).
For esample, conventional cultivation, parlicularly  of
retained stubble, requires mush more feel than the herbicide
spraying opetations in the zero tllage treatments. Energy
requircments for the individual management realments were
drawn from Huzzey (1986). Carbon dioxide, methane and
nilrous oxide cmissions from the combustion of this lucl wore
calculated using the relationships in NGGI (1994)

2.4 Global warming potentials

Gascs vary in their radiative activity and in their atipospheric
residence time. To allow for these differences. relative Global
Warming Potentials (GWPs) have been calculated for the
commen greenhouse gases ((PCC 1994}, These represend the
relative warming effect of a unil wass of the gas when
cotppared wilh the same mass of carbon dioxide over a
specified period. The relative GWPs used in this study were
the 100-year inlcgration period values given by PCC (1994d)
for carbon dioxide (13, methane (24.5) and nitrous oxide
(320). However, it should be noted that these cropping
systems prodoce carbon monoxide, non-methane volatile
hydrocarbons and NQO,. all ol which arc recognised as
grecnhouse gases bul for which GWrs have not vel becn
assigned. Tuclusion of these gases in the crmissions budget of
{hese cropping syslems will slightly alter the results.

2.5 Validation

The model has been validated for soil moisture, total minoral
nitrogen, biomass accumuiation, grain vield and other
agronomic variables (O Leary 1994} However, some aspecls
of L soil carbon/nitrogen model have not been validated for
the Wimmern cropping  systems.  Validation ol  this
application of the complete model would be difficult because
of 1) the large pumber of variables, the difficulty of
measurig many of these, 2) the long tine-frame needed for
sampling due 1o large scasonal varialions in climate and
some lags in svstem response to climate and management
{sce Table 23, and 3) the large number of treatments needed
1o cover the range of options to be investigatod. Given the
considerzble time and cost that would be invelved in
cstablishing such an experimental program, it is uniikely to
pbe supporied. However. the elleclivencss of the model in
simulating biomass accumulation and tolal mincral nitrogen
which form the basis of (he carbon and nitrogen flows,
suggests that some cenfidence can be attributed 1o the resualts.
1n view of this, an exploratory stady was conducted. This is
outlined below.

3. EXPLORATORY 5TUDY

An exploratory study was tnderizken with the modified
wodel using cight simwiation experiments. These were
conducted wusing 100 years of synthetic weather dala
gencrated from long-len statistics from Dooen, Viclona

(Lat. 36" 40°S. Leng. 142° 18'E. Elkv. 1535m) using the
weather generator SIMMETEO (Geng e of. 1988) which
was derived from WGOEN (Richardson and Wright 1984}
The soil type is a chromic vertisol (grey cracking clay.
Ug3.2; Northcole 1979) that is ropresentative of the major
soil type of the Wimmera region of Victoria. Al sinwlations
were continuous from vear 1o year for a 100 vear petiod 1o
highlight trends in iime that might he tmporten fn the
smanagement of grecnhousc gas emissions. Sowlng lime was
simudated by the method of Hamuner and Goyne (1982)
which provides a window of sowing opportoalty based upon
Limne of year and pre-sowing rainfall (O Leary 1994}

=

Met emissions of €O and emissions of CHy and N0 from
all sources were recorded in cach simulation trealment and
adjusted using GWPs to give CO; cquivalont emissions.

Eight ireatments were chosen for the simudations  to
investigate the cffects of contipuous cropping vs fallow
crapping, stubble reiention s stubble burning, convenliomnal
cultivation vs zero il management and feriliser addition
(Table D). These are addressed in morc delail below.

Table 1 Cropping syslems used in the simunlations. All
systems  were  sinmlated  with or without the
application of fertiliser al the rate of d0kg N al
soWing time.

WWCT Continuous wheat cropping  systoin with
craps planted each year. Mo stubble retalned
and conventional culiivation practiced.

WNSCT Fallow cropping svsicm with an 18 month
fallow following previous crops. No stubble
retained and conventional cullivation used,

SRCT Continnous cropping with siubble retained
between crops. Conventional cultivation is
used for weed conirol.

SRZT Faliow cropping svstean wilh stubble retamed
between crops and zero tillage used (i

woed contro! throungh herbicide application)

in semi-arid covirowments where waler supply is the major
factor limiting grain yicld, such as in the Winunera region of
Yicloria. the agronomic aption of allewing provides a way
{0 increase Loth water and nitrogen supphics. The fallow
represcents that period between Lhe harvest of a preceding
crop and the time of sowing of (he next crop. its length of
gboul 18 months is fypical [or crops with high water
demands like wheat and canola in the Wimmera Falowing
has been widely practiced in the past, but continuous
cropping withouwt such a long [fullow is beconing morg
popular as the choice of available crops increase (C.g. grain
legumes and oilsecd crops). Fallow-wheal systems would
have occupied less than 20% of the land arca of the
Wimmera in reconi vears. Simujations wers run of fallow-
wheat systems (NSCT and SRZT treatments; where wheal is
sown every sccond vear and continuous wheat cropping
systems (WWOT and SRCT) where wheal 18 sown every
vear. Each of these troatments was repeated with and without
40 kg M/ha forliiiser applicd acar sewing time (Day 100) in
cach wheat crop.

4 —



Total ernissions for the fertilised continuous wheat
freatment (MAVCT)

Total emissions {kg CO,
eduivalents/hafyear}

Year

Total anpual emissions (kg CO: equivalemts/hadvear)
over the 100 year study period for the fertilised
continuous wheat system (WWCT +N3

i
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Stubble retention 1s a further agronomic practice thal can
conserve waler. Two tillage systems where stubble from the
previous wheal crop was retained (SR) were studied viz
SRCT and SRZT, whilst in the other treatinents the crop
stubbic was removed through buraing (WWCT and NSCT).

Conventional Uilage practices (CT) were used in three
treaiments, consisting of up o 7 tillage passes with a
scarifier/chise! pleugh for weed control during the period
between crops. Zero-tilage (277 is where herbicides are used
to control weeds without tillage, and this is normally used

only in conjunction with stabble retention (Le. SRZT).

3.1 Initial conditions

o the first year. the initial level of stubble was set at 4 tUha
willt timing of tillage in both NSCT and SRCT fallows fxed
in cach fallow period on days 247, 310, 336, 64, 104, 110
and 155 regardless of weed growth, for simplicity. Fallows in
the Wimmera may be tilled up to 12 tmes in some years.
Where glubble was not to be relained it was burnt on Day
120, 1o coincide with when fire restrictions are usually lifted.
Initial soil water, nitrogen and carbon levels were used as
measured in a field experiment in the same tillage and
rotation regimes al Dooen in 1987 and 1988 (O Leary 1994),

Average annual net emissions varied significantly across the
gifferent management treatments (Fig. 2). The realinents
with no stubble retention {fWWCT and NSCT) had emissions
ranging  from  aboul 1940 o 2150 kg €O
equivalentsthafvear, whilst those with stubble rolention
(SRCT and SRZTY had lower cmission rates ranging from
1350 to 1730 kg COequivalents/ha/vear.

The majority of the net emissions from the cropping systems
were derived from the loss of carbon from the system in the
torm of COy (Fig. 2). The size of this loss was significantiy
lower for the stubble refention treatments {SRCT and SRZT)
than for the other treatments. Nitrous oxide was the next
most significant gas emilled, comprising from 15% (SRCT -
N} to 41% (SRZT +N) of the total emissions. Fertilisation
ingreased NoO emissions for ail cropping systems but in the
stubble retention treatments, there was a small compensatory
reduction in carbon loss. Emissions of methance were small in
all treatmnents wilh significant emissions fup to 5.0%)
occurring ondy when burning was practiced.

There was significant variation in grain vields beotween the
differcnl treatments. This, combined with the variation in nel
cmissions, resulted in almost fous-fold variations in the ratio
of grain yvicld to total emissions. This ratio ranged from 0.57
for the NSCT -N treatment o 221 for the SRCT HN
treatment (Fig. 3}, Fertiliser application had a smaller imapact
than tillage treatiment but generally increased the ratio, with
this effect being substantial only in the conlinuous wheat
{(WWUIT) and sinbble-retained/conventional tillage (SRCT)
SYSHCINS.

There were significan! segative corrclations belwesn yicld
and pet emissions for all treatments cxcept NSCT -N,
atthough for some treatinents {WWCT =N, SRCT -N and the
NSCT wreatments) there was 2 positive correlation between
vield and net ewmissions in the Iollowing vear. This
telationship being stronger than the unlagped relationship
for the NSCT treatments and the WWCT -N treatinent,

Emissions from fossil fuel usage were a relatively small
proportion of the total cmissions (Table 2). Fossil-fuel

4. RESULTS

Confribution of C0,, CH, and MO to total emissions

Simulated net greenhouse gas crissions
showed  considerable  variation  between
cropping cveles and between management
treatments (Fig. 1), During wetter, more
productive cropping cycles, the system was
a significant net sink for greenhouse gases
foflen up o 31 CO- cquivalents/hz) with
this occurring more frequently in the
conventional tillage systems than the zero-
till systems. Howcver, in most cropping —
cyeles, the syslem was a significant net o

1000

Emissions (kg CO: equivalentsfhafysar)

WWCT

i

SREIT
N

SRCT SRIT
i -t

NSCT NSCT SROT
B +H =B

gmilter  {oflen  more than ot CO-

X o
cquivalents/ha), Fig. 1

Total greenhouse gas emissions (kg COU1 equivalents/ha/year) and the
CO,, CH; and N20 components of these for the eight cropping systems
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Grain yield:emissions ratio
{ig graln yiekifig emissiong in CO2 squivalents)
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fy ot b R

wyeT wweT MSCT WECT SRCT SRCT
=M +M i - H <H +M

Ratic of grain yield io iotal emissions

svstems used.  More importantly though,
the cropping syslems which have lower
emissions also wend 1o have greater vields,
and thus may produce up 1o four times the
grain vield per upil cmissions than other
systems.  This indicales that there is
significant potential  to  adapt  wheat
cropping systcms 1o reduce greenhouse
gas emissions in a cost effeclive way,

Stubble retenlion when combined with
conventional cultivation gave the greatest
vield per unit emissions, particularly
where fertiliser was  added. Stubble
relention has been promoted  through
researciy and extension agencies, however,
garly reports of problems with Yellow leaf

spot (FPvrenophora tritici-Fepentis),

[ Eycspot (Pseudocercosporetia
SRET - ’ - ' .
oty herpotricholdesy, Take-all (G, graminis

var, feiticly and rhizoctonia rool rotl in

Fig. 3 The ratio of grain vield (0 olal net emissions (kg grain vield/kg CO;
TS,

3t

equivalent cmissions) {or the eight cropping 5

emissions ranged from less than 1% of totat cmissions in the
zero-tillage systems (SRZT) to 8% in the SRCT treatment
where stubble retention was practiced with convenitonal
tillage and considerable effort is needed {o incorporate
stubhies. Birect craissions from burning (i.e. CHy and N2O)
were alse a small proportion of the total cmissions (7. 1% io
20.6%) in those treatmenlts where burning was practised (i.e.
WWCT and NSCT).

Table 2 Fossil fuel and burping enussions expressed as a
B 2
percenlage of the total emissions for the eight
CTOpPPIfE SVSICms.

Treatment Fossil fuel Buraing cmissions
gmissions as % of as a % of total
otal emissions emissions

WWCT -N 5.4 2006
WWCT +N 52 129
NSCT -N 2.8 7.1
NSCT +N 2.5 8.8
SRCT -N 5.0 -
SRCT +N 7.1 -
SRZT -N (1,9 -

SRZT +N 6.8 -

5. DISCUSSION

The wheat cropping systerus studied are Iikely 1o be, on
average. signilicant net emiticrs of greenhouse gases wilh
emnissions equivalent to 1350 to 2150 kg of carben dioxide
cach year. However, the size of thesc cmissions will vary
greatly between years and in some vears thesc systems can
even be substantial net cmission sinks.

Choice of wheat ¢ropping systems could reduce the average
net emissions per hectare by up io 37% depending on the

some areas has lmied adoption raics.
Consistent discase conirol measurcs, such
as rotation with canola, will need 1o be demonstrated before
more widespread adoplion cccurs. Furthermore, stubble
retention is notl suitable for all soil types and environments.
For cxample, Incerti et al. (1993) have suggested that in the
Mallee it can only be justificd 1o reduce wind erosion

There was a consistenl relationship across most cropping
svsicins 1o which years with higher grain viclds had lower
emissions, These wetter. more productive vears resulted in
the soil beceming a substantial sink for carbon, although in
some cropping svstems there was g partially compensatory
merease in cmussions in the following year. These
relationships suggest that tactical farm management could
reduce emissions by delerring planting or by reducing
fertiliser inputs in those years when cither initial soil waler is
Jow. or when micdium-term climate indicators such as the
SO1 suggest that an Bl Nifio event may reduce rainfall dusing
the growing scason. Simidarly, by increasing ferliiser inpuls
these systems could act as a carbon siank in those years with
high initial soil melsture slores or expectations of above-
average rainfall (La Mifla vears). The feasibiliyy of this is
supported by corrclations between the 501 and wheal yield in
Victoria (Rimmingion and Nicholls 1993}, Therc may be an
cocohomic incentive 1o adopt this approach as incorporalion
of the 50! into decisions opn lertiliser application rates for
wheat crops in Queensland has been shown 1o reduce the
risks of negative gross margins in poor years, but makes the
most of the opportunilics provided by betler scasons (Stong e!
al, 19933,

Loss of soil carbon was the most substantial component of
the emissions budget for all cropping svstems.  Slubble
retention reduced the size of this loss, although it did not
prevent run-down of soil carbon.  This is consistent with
other analyses (g.g. Li er af. 1994} Nitrous oxide cmissions
also formed a significant compouent of the emissions budget.
Given the empirical way in which denitriicd N was
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partitioned into NoO and Ny in this study, thers will be a
need lo incorporatc suitable routines into the soil carbon-
nitrogen model and lo validate this model before the
development of policies to reduce MN:O cmissions rom
cropping sysiems.

Emissions [rom fessil fuel combustion and from burning crop
stubble formed relatively small components of the emissions
budget. Hence, whilst adoption of zero-tillage in the stubble
retention sysiein reduces fossil fuel inputs significantly (by
about 6-7% of total net emissions, there are compensating
factors that result in increased cmissions over conventional
ciltivation. This is one example of the need for syslematic
analyses of cimission-reduction options.

The Australian Governsnent has international commilments
relating 1o the stabilisation of greenhouse emisstons and has
an gver-arching domestic policy of Ecologically Sustainable
Development.  Hence, agricultugal activitics promoted or
supporicd by such policies should meet ecopomic, ccological
and cmission-reduction criteria. This suggests the need for
more analyses vsing validated simulation models that can
integrate these issucs. so thal policics can be effectively
directed and are not counterproductive (e.g. by reducing onc
source of cmisstons there 15 a aict increase in emissions from
the whole system as in the zero-iill and fossil fucl cxample
above). Where policies have been implomented, such as thase
in the NGRS and 210 packages, there will be a conlinuing
necd 1o verify that the desired activities are being adopled
and that these arc having the desired effects (in this case,
increased soil carbon amongst other factors). 1t will be
necessary 1o idemtify barriers o the adoption of desirabic
approaches {such as the issue of discase control in stubble
retention) and to develop polivies and strategics to remmove
these barriers. There will also be a need 1o investigate the
cconomic implications of widespread adoption of specific
practices at both the farm level and al the macro-coonomic
tevel. Thesc are all significant challenges.
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