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Foreword

Farmersin Australia have rapidly adopted genetically modified (GM) cotton,
which nowaccountsfor more than go per cent of the land area planted to
cotton. This hasallowed farmers to maintain their competitivenessin the
globalexport market for cottonlintand has benefited cotton-growing
regions.

Apartfrom GM cottonand carnations, there has been no other commercial
release of a GM field cropin Australia. The New South Walesand Victorian
governmentsannounced in early 2008 that the commercial growing of GM
canolainthese two states would be allowed from the 2008 season. It is likely
other GM crop varieties willalso become available for commercial plantings
inthe future.

Thisreportfocuses onthe potential economicimpact of GM crop adoption
in Australia. Forillustrative purposes, the benefits to states from early and
delayed adoption of GM crops are simulated, highlighting the significant
economic cost associated with delay of adoption of GM crops.

Phillip Glyde
Executive Director
May 2008
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Summary

Since thefirst commercial plantingsin 1996, genetically modified (GM)
crops have expanded rapidly and now constitute a significant propor-
tion of the world’s broadacre crop output. By 2007, GM crop coverage
globally exceeded 114 million hectares. A key driver of the rapid adop-
tion of GM crops is the benefit farmers gain by switchingto these
crops. Benefitsincludeincreased cropyield, reduced farminput costs,
including pesticide, herbicide and farm labour,and more efficient farm
management.

GM varieties of cotton, soy bean, maize and canolaare the principal GM
crops grown. The main producing countries by volume are the United
States of America (50 per cent of global total), Argentina (17 per cent),
Brazil (13 per cent), Canada (6 per cent), India (5 per cent) and China (3
percent).

Australia’s commercial experience with GM field crops s limited to GM
cottonand carnations. GM canolahas been approved for commercial
release by the Office of the Gene Technology Regulator (OGTR) and for
commercial production by the New South Walesand Victorian govern-
ments from the 2008 season. Over the longer term, other broadacre GM
crops may also be available foradoption by Australian farmers.

Inthis report the nature of costs and benefits from GM crop adop-
tionisfirst discussed. A quantitative assessment is then presented to
examine the potential economic benefits of further GM crop adoption
in Australiaat the regionaland state levels. Crops considered include
canola,soy bean, maize, wheat andrice.

Benefits and costs of GM crop adoption

Thefollowing discussionis based oninternational experiences and
literature review.

Yield effects

In comparison to non-GM production systems, the adoption of GM
crops could reduce yield losses through better protection against
externalfactors suchasinsect pestsand weeds. The yield benefit from
GM crop adoptionvariesacross regionsand is determined by agronomic
growing conditions and the level of pest/weedincidence in any given
placeandtime.
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Pesticide and herbicide use

* Insect-resistant GM crops provide their own protection against pests
andtherefore reduce, orin some cases eliminate, the need for pesticides.
Herbicide tolerant crops allow the use of relatively inexpensive broad
spectrum herbicides which effectively control most weeds affecting
the crop. This allows farmers to replace previous mixes of expensive
and more toxic weed specific herbicides,and increases their flexibility in
crop rotationsas they are no longer affected by the slow breakdown of
herbicide residuesin the soil profile.

Farm management and labour savings

* Managing GM crop productionis generally easierand less time
consuming than non-GM crop production. Also, GM crops reduce the
number of annual sprays required and enable minimum tillage or no
tillage cropping, therefore reducing labour, machinery and fuel costs.

Environment and occupational health and safety

* Reductionsin chemicalapplications could resultinareductionin envi-
ronmental costsassociated with sprayingand reduced contamination of
soilsand groundwater. In addition, pesticide and herbicide-resistant GM
crops provide occupational health and safety benefits by reducing the
need for farmers to handle toxic chemicals.

Flow-on effects

* Agriculturalindustries have many linkages with other sectors of the
economy. Beyond the farm gate, crops may require storage, processing,
transportationand handling. When new technologies suchas GM crops
areadopted,and total production rises,demand for those services will
alsorise.

Off-farm income

* GMcropadoption may require farmers to spend less time in the field and
they may be able towork off-farm to increase their household income.

Seed prices, technology fees and user agreements

* Farmersoptingto grow GM crops are likely to face additional costsin
terms of higher seed prices, technology feesand restrictive user agree-
ments. Higher GM seed prices and the charging by GM seed providers of
technology feesto users — largely based on the area of land planted to
GM crops —increases the cost of using GM seed compared with non-GM
seed. Technology user agreements,imposed either by the technology
provideroruserindustry groups, could entail additional costs to
growers by requiringadherence to regulations such as mandatory buffer
zones.
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Segregation cost

On-farm segregation arrangements can mean higher costs because of
the needfor certified planting seed, various crop management tech-
niques (includingappropriate separation distances between crops and
control of unintended presence of GM crops in non-GM crops),and the
needto clean equipmentafter harvesting, handling, storingand trans-
porting GM grain types.

Additional costsinthe central receival systeminclude extra grain testing
requirementsand more labour because of alonger receival period.

The additional costsare likely to be small relative to on-farm costsand
benefits, reflecting the economies of scale with bulk handling of grain.

International and Australian experiences

Yield gains

Australian field trials have demonstrated that GM canola has the poten-
tial tosignificantly increase yields in Australia. For example, the results
of Monsanto field trials, conducted side-by-side with HT canolaand
alternative non-GM canola varieties, indicate that glyphosate tolerant
canola provides significant yield gains compared with non-GM varieties
through improved weed management.In North America, GM canola
yield advantages have averaged 6-10 per cent.

International experiences suggest yield gains from the cultivation of
GM soy beanare likely to be limited. Although significant increasesin
yield have been reported by Romanian farmers, this could be because
traditionally poor weed control before the introduction of HT soy bean
has meantagreateryieldincrease following introduction thanin other
countries.

Formaize, Bt varieties in the United States, Spain and South Africa
have achieved yield advantages of between 5 per cent and 11 per cent
comparedwith non-GM varieties.

GMwheatand GM rice are crops that may be adopted in the future. GM
wheat field trials conductedin northern America show ayield advantage
of 9 per cent for GM wheat resistant to glyphosate. Chinese field trials of
GMrice have indicatedyield advantages of 3-7 per cent.

Reductions in farm cost

There areinternational experiences showing overall cost reduction
benefitsfor GM canolaand GM soy bean production. These cost reduc-
tionsare net of increases in GM seed cost and based on Canadianand
United States commercial production experiences. The main contrib-
utorto cost reductions in GM canolaand GM soy beanis reduced herbi-
cide applicationand consequently less herbicide, labour and machinery
use. Less machinery use implies reduced use of fueland associated
materials and also less machinery time.
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Similar to farmersinthe United States, Australian maize farmers have
onlyasmallwindow of time in which to spray maize pests. Therefore
the cost offset from using less pesticide by adopting pest-resistant GM
maize will be smaller than for other GM crops. Experiencesin the United
States indicate there could be anincrease in material costs for maize
production because of the higher cost of GM seeds, which is not fully
offset by reductions in other material costs.

Method for estimating economic impacts of
GM crops in Australia

ABARE’s regional general equilibrium model of the Australian economy
(Ausregion) was used to analyse the economic impacts of changesin
yieldand costs of production in selected agriculturalindustries arising
from the adoption of GM crop technology. The regional representa-
tionin Ausregionincludes all of Australia’s states and territories. The
Ausregion modelalso offers the user the flexibility to separate out sub-
regions.Forthe purpose of this report, the New South Wales Murray
Catchment Management Area, the Rest of New South Wales and each of
the major grain-producing states — Victoria, South Australia, Western
Australiaand Queensland —are separately identified. The Murray
Catchment Management Areais separated out becauseitis a key canola
growingregion and to highlight the impact of GM crop cultivationona
regional economy.

Thereference casein Ausregion includes GM cotton. The period
coveredinthe analysis extends to 2017-18.

Two scenarios have been simulated and compared to the case of no new
adoption,orthe reference case. The ‘canola-only scenario’ examines the
impact of adopting only GM canola crops. The other scenario, the ‘five-
cropsscenario’,analysesadoption of canolaalongside four other GM
food cropsthatare either commercially grown in other countries — soy
beanand maize — or have undergone field trials, being wheat and rice.

Foreachscenario, twoalternative adoption time lines are considered:
earlyadoption (from 2008-09) and delayed adoption (from 2013-14).

Regional/state income impacts

The potential economicimpacts of cultivating GM crops at the state
andregional levelsare measured by changes in gross regional products
(GRP) from the reference case,aggregated to 2017-18and presentedin
2006-07 present value terms (expressedas ‘in 2006-07 dollars” here-
after).
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Canola-only scenario

Inthe scenario where only GM canolais adopted, GRPis projected to
increase forall states/regions. The highestincrease in GRPinabsolute
termsis projected to occurinthe ‘Rest of New South Wales’ region (that
is,New South Wales excluding the Murray Catchment Management
Area),at $273 million (in 2006-07 dollars) over 10 years to 2017-18, under
the early adoption scenario. Under the alternative scenario of delayed
adoption, the benefit for the ‘Rest of New South Wales’is estimated at a
total of $121 million (in 2006-07 dollars), over five years to 2017-18.

Significant economic benefits of adopting GM canolaare also projected
forotherstates. Forexample, the estimated economic benefit to
Western Australia fromadopting GM canola from 2008-09 for the next
10 years would be around $180 millionin 2006-07 dollars. Similarly, the
cumulative benefit to South Australiafromadopting canola over the
same period is estimated to be around $115 million in 2006-07 dollars.

Delaying the adoption of GM canolafor five years would lead to an esti-
mated forgone benefit of $97 million (in 2006-07 dollars) for Western
Australia. Similarly,a delay of five years to adopt GM canolawould lead to
South Australiaforegoingan estimated economic benefit of $66 million
(in2006-07dollars).

Five-crops scenario

The cumulative benefits of adoptingall five prospective GM crops over
2008-09t0 2017-18 are projected to be $174 million in Queensland,
$551 millionin the Murray Catchment Management Area, $1.1 billion in
Victoria, $1.4 billion in South Australia, $2.4 billionin Western Australia
and $2.9 billionin the Rest of New South Wales (allin 2006-07 dollars).

Under the delayed adoption scenario, the cumulative benefits over 2013-
14 to 2017-18 would be around $115 million in Queensland, $243 million in
the Murray Catchment Management Area, $486 million in Victoria, $615
million in South Australia, $1.1 billion in Western Australiaand $1.3 billion
inthe Rest of New South Wales (allin2006-07 dollars).



1 Introduction

Genetically modified (GM) crops have been adopted in many countries
inthe past decade — in particular,in the United States, Argentina, Brazil,
Canada, India, Chinaand Australia. After a decade of commercial plant-
ings, the global area of GM crops reached around 114 million hectares in
2007. Cotton, soy bean, maize and canolaare the main GM varieties grown,
accounting for —byarea— 99 per cent of all GM crops planted in 2007 (see
Appendix A).

The purpose of thisreportistoassess the potential economic gains from
further GM crop adoptionin Australia. Gains to akey canola growing region
— the NSW Murray Water Catchment Management Area— and the main
grain producing states of New South Wales, Victoria, South Australia,
Western Australiaand Queensland are quantified under two scenarios — a
‘canola-only scenario’anda ‘five-crops scenario’ (@doption of GM canola
alongside GM soy bean, GM maize, GM wheat and GM rice). These scenarios
are examined under two alternative adoption timeframes: early adoption
(fromthe 2008-09 financial year) and delayed adoption (from 2013-14),
with the cumulative benefits fromadoption accruingto 2017-18 in 2006-07
presentvalue terms (hereafter describedas ‘in 2006-07 dollars”).

A canolaonly scenario assesses the economic benefits fromadoption

of GM canolain each key canola-growing state in Australia— New South
Wales, Victoria, South Australiaand Western Australia. Afive crops scenario
is presented forillustrative purposes, estimating the potential cumulative
economic benefits fromadoption to 2017-18 under early and delayed adop-
tionscenariosin the states mentioned above and in Queensland. Crops
considered are canola, soy bean, maize, wheat and rice.

The benefits that farmers gain by switchingto GM crop varieties have been
akeydriver of the rapid adoption of these crops. These benefits are mainly
increased crop yield and reduced farm input costs — especially costs asso-
ciated with the use of pesticide, herbicide and farm labour. GM crop adop-
tionmayalso lead to indirect impacts on upstream industries (industries
that produce agriculturalinputs) and on downstream industries (industries
that useagricultural products). The economic benefits derived fromthe
adoption of GM crops are quantitatively assessed later in this report for
key agriculturalindustries (canola, soy bean, maize, wheat and rice) and key
producing states/regionsin Australia. Other benefits from GM crop adop-
tion,such as increased flexibility in farm management and environmental,
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occupationalhealth and safety benefits, are less easily quantified but impor-
tant,and are qualitatively assessed in thisreport.

Astrict regulatory framework for the productionand importation of GM
products has beenadopted in Australia. For example, all dealings in geneti-
cally modified organisms, whether domestically produced orimported,are
monitored,assessed and approved by the Office of the Gene Technology
Regulator (OGTR). Inaddition, Food Standards Australiaand New Zealand
providesastrict testingregime to ensure any food derived from crops
containing GM modifications is safe for human consumption. State and
territory governmentsare responsible for decidingwhether toallow the
growing of approved GM crops in theirjurisdiction.

Australia’s commercial experience with GM crops is largely limited to

GM cottonand carnations. The introduction of GM cotton varieties has
reduced input costs for cotton farmers,as the varieties planted have been
modified to be resistant to insect pestsand herbicide treatments, allowing
less use of pesticides and labour for clearing cotton fields of weeds during
crop rotations. More than 9o per cent of Australian cotton has been planted
to GM varieties.

HT canola,a GM variety which is tolerant to herbicide applications, has been
approved for commercial release by OGTR. Both the Victorianand New
South Wales governments have approved GM canola production for the
2008 growingseason,and commercial plantings are likely to commence.
Over thelonger term, other broadacre GM grain crops, such as wheat, soy
bean, rice and maize, may also be approved for commercial plantings and
adopted by Australian farmers. For example, wheat modified for drought
resistance is currently undergoingfield crop trials in Australia (Appendix B).
Trials for GMrice have been undertaken in China.



2Costs and benefits of
GM crop adoption

This chapter gives an overview of the potential on-farm benefits and costs
arisingfromthe adoption of GM crops in Australia. It highlights the potential
impact onyield, use of pesticides and herbicides,and labour inputs, using
the Australianandinternational experiences where available. Potential
effects on pricesand environmentalimpactsare also presented.

Crops considered

This report considersthe adoption of first generation GM crops — that s,
crops with modified traits that provide on-farm production benefits such as
protectionagainstinsect pestinfestation (Bt crops), crops that have been
modified to be tolerant to herbicide treatments (HT crops) or crops witha
combination of these modifications (stacked trait crops) (see box1). These
GM crops currently account for the bulk of commercial plantings of GM
crops globallyandin Australia.

box1  Firstgeneration GM crop traits

Withinfirst generation GM crops there are currently two dominant traits:
herbicide tolerance (the HT trait) and insect resistance (the Bt trait). Most
of the globalfirst generation GM crop area in 2007 was planted to crops
withthe HT trait (63 per cent), followed by the Bt trait (18 per cent), with
stacked traits accounting for the remainder (19 per cent) (James 2007).
Crops with stacked traits contain more than one GM trait — for example,
two HT traits oracombination of HT and Bt traits.

Most HT crops have been genetically modified to be resistant to glypho-
sate. Glyphosate isanon-selective,broad spectrum herbicide that has been
used extensively during the past two decades (Reddy 2007). The introduc-
tionof HT crops into crop production systems has enabled farmers to
better manage weedinfestations. GM crop varieties resistant to other
herbicidessuchassulphonylurea,imazethapyrand glufosinate-ammonium
havealso beenadopted by farmerstoimprove weed control (Norton 2003;
Sanogoand Yang1998).

Forinsectresistance, crops have been modified toinclude agene found
insoil bacteria Bacillus thuringiensis (Bt). This gene produces substances
toxic to certaininsects. Theintroduction of Bt crops has led to reductions
ininsect damage and/or pest control costs.
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Second generation crops are expected to give enhancedvalue to
consumers by incorporatingtraits thatlead to enhanced quality attributes
infarm products. Third generation crops are expected to produce pharma-
ceutical orindustrial products. Second and third generation crops are stillin
their early stages of developmentand are not considered in this report.

On-farm benefits

The adoption of GM cropsisaimed at delivery of on-farm benefits suchas
higheryields and/or reduced operating costs. GM crop adoption may also
lead toindirectimpacts on upstream industries (industries that produce
agriculturalinputs) and downstream industries (ones that use agricultural
products). Cumulatively, these benefits canresultinincreased trade flows
and higher nationalincomes. These results are evaluatedinanumber of
illustrative scenarios presented later in this report.

Yield effects

Cultivationin Australia of GM crops could reduce yield losses to insect
pestand weed infestations. The potential yield of a crop depends ona
range of factors, including the genetic potential of a crop variety, farmsize,
scale,geographical location, water and nutrient availability, soil condition,
climatic factorsand farmers’ management skills. However, in general, the
higher the pestand weed incidence is, the greater will be the gain from
growing GM crops (Fulton and Keyowski1999; Marra et al.2002; Qaim et
al.2006) (table 1and box2). To the extent that GM crops reduce yield losses
frominsectand weed pressures compared with non-GM crops, theiradop-
tionwillincrease farm output.

Pesticide and herbicide cost savings

GM technology has led toareductionin on-farm costs associated with pest
and weed management. For example, Bt crops provide their own protection
against pestsand therefore reduce or eliminate the need for pesticide. Also,
current HT crops allow the use of relatively inexpensive broad spectrum
herbicides,suchas glyphosate or glufosinate-ammonium, which effectively
control most weeds commonly foundin agricultural fields. This eliminates
the need for complex herbicide application regimes that require a mix of
different, expensive and more toxic weed-specific herbicide sprays.

Thereissignificant variationamong countries in the extent to which GM
crops lead to cost reductions for pesticide and herbicide inputs. This
variation arises fromdifferences in pest/weed pressure, economic trends
and conditions, input costs and farm management skillsand techniques.



Economicimpacts of GM cropsin Australia abare.govau 084

box2  Yieldeffects by crop

Cotton: Australian farmers have not received significant yield benefits from
Bt cottonadoptionasthey have been traditionally very effective in control-
ling helicoverpa caterpillarinfestations (Brookes and Barfoot 2006). The
mainadvantage of Bt cottonadoption to Australian farmers has been
reduced operationaland pesticide costs.

Existingliterature indicates that Bt cotton hasincreased yields in many
other countries,although with significant variations among them. Yield
increases for cotton producers range between 9-11 per cent in the United
Statesto 43-87 per centin India (seetable1).

Canola: Australian field trials have demonstrated that GM canola has the
potential toincrease yieldsin Australia. The results of Monsanto field

trials, conducted side by side with HT canolaandalternative non-GM
canolavarietiesand weed management systems, indicate that glyphosate-
tolerant canolaprovides substantial yield gains (8-24 per cent) compared
withnon-GM varieties. Glyphosate-tolerant canola was found to have
similar or higher oil content than currently available varieties. Bayer Crop
Science trials of InVigor Canolaalsoindicate yield gains of 9-38 per cent
(ACIL Tasman 2007). Pratley and Stanton (2007) also conducted a five-year
field trial,in Wagga Wagga, NSW, comparing HT canolatonon-GM canola
productionsystems. They reported that HT canola resultedin gener-

ally higheryields. Also,Norton (2003) estimated that HT canolahasthe
potential to raise average Australian yields from1.27 tonnesahectare to1.38
tonnesahectare,anincrease of 8 per cent.

InNorth America, GM canolayield advantages have averaged 6-10 per cent
(Carewand Smith 2006; Mayerand Furtan1999; Serecon Management
ConsultingIncand Koch Paul Associates 2007).

Soy bean: Onthe basis of international experience, yield gains from cultiva-
tion of GM soy beanare likely to be limited. Some studies have reported
marginalyield gains (Bernard etal.2004; Fernandez-Cornejo and McBride
2002) andyieldlosses (Benbrook 2001); however, the small differences
inyields reportedintheliterature arelikely to be caused by differencesin
agronomic conditions and farm management skills. Although significant
increasesinyield have beenreported by Romanian farmers, this could

be because atradition of poor weed control has meant a significant yield
advantage with the introduction of HT soy bean (table 7).

Maize: Insect pests damage maize crops, resultingin lossesinyieldsandin
farm revenues. Forexample,in countries affected by the corn borer, suchas
the United States, or the helicoverpa caterpillar,such as Australia, there is
onlyalimited time during crop rotationsin which to apply a pesticide before
the pestlarvaburrowsinto the stem of the plant. Bt maize has been engi-
neered to provide protectionagainst such pests, thus reducing yield losses
incountrieswhere it has beenadopted. Bt maize varietiesin the United
States, Spainand South Africa have achieved yield advantages of between s
and 11 per cent compared with non-GM varieties (table1).

Prospective GM crops: GM wheat and GMrice are crops that may be
adoptedinthe future. GM wheat field trials conducted in northern America
showayieldadvantage of g per cent for GM wheat resistant to glyphosate
and1to3percentyieldadvantage for fusarium-resistant wheat (Berwald et
al.2006). Chinese field trials of GM rice have indicated yield advantages of

10
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'I Examples of economic impact of GM crops in selected countries

pesticide/
yield herbicide technology labour adoption
increase reduction fee  savings rate references
Cotton
Australia 0% 1 56-75%1,2 $155/ha 66%1 92% 1. Fitt (2003);
($30/harebate) 2.Knoxetal. (2006)
$245/habefore 1998 1
USA 9-1%a  US$63-74/haa US$58-68/haa 52%a
India 43-87%1 71-83%2 ~ 300% price premium 16% a 1.Qaim (2003); Morse et al.
(2005) 2.Bennett et al. (2006)
South 40-70%1,2,3 53-63%1,2,3 48-117%73
Africa SAR163-570/ha 4 50%3 57%a 1.Ismael et al. (2007);
2Thirtle etal. (2003);3. Morse et al.
(2005); 4. Gouse et al. (2002)
Argentina  32-34%1 50%1 50%a 1.Qaimand Janvry (2003);
Mexico 20%1 95%a 1. Traxlerand Godoy-Avila (2004)
China 7-15%1 87%2 65%a 1. Huangetal. (2005)
2.Huangetal. (2003)
Canola
Canada 6-10%1, 2 40% 2 C$10.47-15/acq, 2 82%a 1.Mayerand Furtan (1999);
Carewand Smith (2006) 2. Serecon
Management Consulting Inc
and Koch Paul Associates (2001)
Australia 8%:1 1.Norton (2003);
8-38% 2 2 ACIL Tasman (2007)
Soy bean
USA -2-2%12,a  US$25-34/haa €24-28/ha 93%a 1.Bernard etal. (2004);
US$14.82-9.77/haa 2Fernandez-Cornejo and McBride
(2002); Benbrook (2001)
Argentina 0%1  US$24-30/ha1 US$3-4/has 8% 99%a 1.Qaimand Traxler (2005)
Romania 31%1 28.5%1 Seedssoldina 67%a 1.Brookes (2005)
package with roundup -
small premium
Maize
USA 5-8%1 Generally donot US$20-25/haa 50%a 1Stoneatal. (2002);
apply pesticide US$8/ac 2Marraetal. (2002);
South 11%1 US$7-8/ha US$8-25/ha1 25% 1.Gouse et al. (2005)
Africa (dryland)
US$i5-21/ha
(irrigated) s
Spain 4.7%1 €4.5-20/han €3-35/has No 11%1 1. Gémez-Barbero and

impacta Rodriguez-Cerezo (2007)

aBrookesandBarfoot (2006).

1
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The evidence presentedin Box 3is taken largely from on-farm experiences
around the world. Experiences from countries that have similar production
systemsto Australia,such as Canada, are likely to provide the best indication
of possible advantages to Australian producers.

Farm management and labour cost savings

Managing crops with GM traits is generally easier and less time consuming,.
Forexample, GM crops reduce the number of annual sprays required,
therefore reducing labour, machineryand fuel costs. Inaddition, many HT
crops enable farmers to switch to broad spectrum herbicides which allow
more flexibility in cropping decisions. Because these herbicides bind to soil
particles,theyareinsoluble and therefore non-persistent. They allow crop
decisions to be made onaseason-by-season basis without locking fields
into particular crop rotations (Norton 2003).

Thelabour savings and convenience of GM production systems have been
widely discussed intheliterature anda number of studies have quantified
the benefits.

In cotton production the labour savings arising from adoption of GM
technology will varyaccording to seasonal conditionsand, in particular, the
pestandweed pressures. In Australia, Bt cotton provides savings to farmers
through reduced labourand fuel costsand reductions in the time spentin
the field applying pesticide. Fitt (2003) estimated spray applications were
reduced 66 per cent onaverage over the first sixyears of Bt cotton produc-
tionin Australia. In South Africa, Morse et al. (2005) estimated that, because
of the reduced number of sprays, labour required for spraying fell by about
50 per cent.InIndia,available estimates indicate that Bt cotton canlead toa
75per centreductioninthe number of sprays each year (Bennettetal.2004;
Marraetal.2002; Qaimand Janvry 2003; Traxlerand Godoy-Avila2004).

Adoption of HT canolaand soy bean has also resulted in fewer herbicide
spraysandamovement toward no tillage or minimum tillage cropping —
where seedsare sown into the ground with minimal disturbance to top soil
— reducing costs through lower machinery, fueland labour requirements.
Forexample, Gémez-Barbero and Rodriguez-Cerezo (2007) reported 80
per cent of Argentine farmers growing GM soy bean had adopted minimum
tillage practices compared with 42 per cent of those growing conventional
soy bean. Areport published by the Canola Council of Canadain 2001
quantifies fuel savings from GM canolaadoptionat 5.1to 6.3 litres peracre.
However, no attempt was made to quantify labour cost savings (Serecon
Management Consulting Inc and Koch Paul Associates 2007).

Planting HT canolaalso enabled farmers to practise minimum tillage, saving
C$7.50anacrein operating costs. Qaimand Traxler (2005) have reported
labour savings of 8 per cent (US$3.60 a hectare) and fuel and maintenance
savings of 28 per cent (US$6.82a hectare) for Argentine soy bean farmers.
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HT technology may allow farmers greater flexibility in planning future crop
rotations. Some herbicides used for weed controlin crops remaininthe
soilforaslongas34 monthsandtherefore restrict what can be cropped
infuture rotations. Herbicides used with HT crops, such as glyphosate or
glufosinate-ammonium, typically do not persist in the soil following a crop
rotation, thus increasing farmer flexibility in planning future crop rotations
(Norton2003). Early field trialsalso suggest crops following GM crops have
higheryields than those following non-GM crops, because control of weeds
reduces weed seed levelsand possible hosts for pestsin the subsequent
crops (Pratleyand Stanton 2007).

box3  Pesticide and herbicide cost reductions from GM crops

Cotton:Inmany countries, the introduction of GM cotton has resultedin
areduction of pesticide use of between 50 and 8o per cent. In Australia,
forexample, it has been estimated Australian farmers have achievedan
average reduction in pesticide use of 56 and 75 per cent from adoption of
Bt cottonvarieties (Fitt 2003 and Knoxetal.2006). In the United States
pesticide cost savings of between US$63and US$74 a hectare have been
achievedsince commercialisation in 1996 (Brookes and Barfoot 2006).1n
South Africa, Bt cotton has led toa53-63 per cent reductionin pesticide
cost,with greater savings achievedinyears of high pestincidenceand in
irrigatedareas (Morse etal.2005).In India, pests have traditionally had
adevastatingimpact on cotton cropsand so the use of GM cotton has
enabledareduction in pesticide use of 71-83 per cent (Bennett et al. 2006).
Qaimand Janvry (2003) and Huang et al. (2003) have reported cost savings
ofaround 5o percentand 87 per cent for Argentine and Chinese cotton
farmersrespectively.

Canola: Asurvey commissioned by the Canola Council of Canadain 2001
foundthat 8o per cent of farmersreported a 40 per cent (C$ganacre)
reductionin herbicide use when using Liberty Link® or Roundup Ready®
GM canola (Serecon Management Consulting Inc and Koch Paul Associates
2007). Similar results are presented in Fulton and Keyowski (1999), Mayer
and Furtan (1999) and Gianessi (2005).

Soy bean: The major benefit of HT soy beanis easierand cheaper weed
control. Gianessi (2005) compared the cost of weed control in the United
Statesunder HT soy bean to the most effective alternative and concluded
HT soy bean deliverasaving of US$20 an acre. Brookes and Barfoot (2006)
and Fernandez-Cornejo and McBride (2000) reported similar cost savings
for United States soy bean farmers of US$22-34 a hectare. Qaimand Traxler
(2005) have quantified the herbicide cost savings to Argentine farmers at
US$24-30a hectare. Cost savings of 29 per cent have also beenachievedin
Romania (Brookes 2005).

Maize: South African farmers have achieved pesticide cost reductions of
US$7-21ahectare, with larger cost savings occurringin irrigated GM maize
crops where pestinfestationsare more prevalent (Gouse et al. 2005).
Spanish farmers have reported cost savings of £4.50 to €20 ahectare
(Gémez-Barberoand Rodriguez-Cerezo 2007).
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Fromthe literature survey, the impact of Bt maize adoption on labourand
fuelinput costsis uncertain. Where Bt maize adoptionleads to a substantial
reductioninthe number of pesticide sprays, costs associated with spraying
arelikely to be reduced. In contrast, Gémez-Barberoand Rodriguez-
Cerezo (2007) studied the impact of Bt maize on farmlabourin Spainand
concluded Bt maize does not affect the extent of paid or non-paid labour
used.

Off-farm income

Where adopting GM crops requires farmersto spend less timein the field,
they may be able to work off-farmto increase their household income. This
was supported by Fernandez-Cornejo et al. (2005), who found a positive
relationship between off-farm income and HT soy bean adoption in the
United States.

On-farm costs

Seed prices, technology fees and user agreements

Farmers opting to grow GM crops are likely to face additional costs in terms
of higher seed prices, technology feesand restrictive user agreements.

GM seed providers’ commercial practices in setting GM seed prices and
chargingtechnology fees to users — largely based on the area of land
plantedto GM crops — hasled to significant variation in the costs faced
by GM crop growers for different crops and in different countries (table

1). Gémez-Barbero and Rodriguez-Cerezo (2007) note that seed prices
are correlated to pesticide cost savings for Bt maize in different regionsin
Spain, with premiums being highest where these cost savings are greatest.
Theyalsosuggest theactual seed price appears to be influenced by farmers’
bargaining power. However, where there is competition in the GM seed
supply market, as has been the case with HT soy bean seeds in Argentina,
seed pricesappear to be lower.

The use of GM seed is normally accompanied by atechnology user agree-
ment,imposed either by the technology provider or userindustry groups.
Theagreementsare often designed to protect intellectual property rights,
reduce or delay insect/weed resistance and protect the environment. These
agreements could entailadditional costs for growersinadhering to regula-
tionssuchas mandatory bufferzones.

Anexample of suchanagreement isa mandatory refuge area where non-
GM crops must be grown. For example,when Bt cotton was first introduced
in Australia, the cotton industry restricted adoption to 30 per cent of total
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farmarea because of uncertainties about heliothis pest developing resist-
ance to the Bt protein (Fitt 2003). Now, with improved technology, these
restrictions have been removed. For Bt cottonin India, regulations require
aminimum of 20 per cent to be planted to conventional cotton, with a five-
row bufferzone aroundall Bt cotton plantings.

Segregation cost

On-farm segregationarrangements can mean higher costs because of
the need for certified planting seed; various crop management techniques
(includingappropriate separation distances between cropsand control
of ‘volunteer’ growth);and cleaning after harvesting, handling, storing and
transporting GM grain types (Foster 2006).

Additional costsin the central receival system include extra grain testing
requirementsand more labour because of alonger receival period. The
additional costsare likely to be small relative to on-farm costs and benefits,
reflecting the economies of scale with bulk handling of grain (Foster 2006).

Price premium/discount

Ifa GM crop is differentiated fromits non-GM counterpart in the market,
the possibility of eithera price premium or price discount exists. A price
premium occurs whenaproductis perceived to have enhanced quality
attributes. Quality here refers to the quality of the grains and to the extent
thatitisfree of weedsand otherimpurities.

AsHT crops allow more effective weed control, it is possible they will result
inacleanerharvestandthereforeattractafarm gate price premium. This
hasbeen observedin Canadawhere cleaner GM canola has received a
price premium of 1.27 per cent over non-GM canola (Serecon Management
ConsultingIncand Koch Paul Associates 20071).

GM canolaalso enables earlier sowing, favouring production of crops with
higher oil content. Generally,a price premium is paid for canola with higher
oil content. It has been estimated that, if grown in Australia, HT canola
wouldattractaprice premium of 1.5-3 per cent, based on the increase in oil
content (Foster 2003; Norton 2003).

Environmental aspects

Bt crops reduce the need for farmers to handle toxic pesticides,and hence
improve the occupational health and safety environment for farmers
(Marraetal.2002).Reductions in pesticide applicationsalso resultina
reductionin environmental costs associated with spraying, such as spray
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driftandleachingto groundwater.

HT crops mayalso deliver environmental, occupational health and safety
benefitstofarmers.Forsome crops,suchas canolaand cotton,HT
technology allows replacing more toxic herbicides (such asatrazine) with
safer herbicides suchas glyphosate or glufosinate-ammonium. It has been
estimated that glyphosate is three times less toxic than most herbicides

it replaces (Reddy 2001). HT technology also allows farmers to reduce
tillage operations before sowingand rely on post-emergence weed control
(Norton 2003). Minimum tillage helps to preserve soil structure and
protects it from excess wind and water erosion.

Environmental and health issues associated with GM crops have been
widely discussedin theliterature. Morse etal. (2005) noted there had been
fewer hospitaladmissions resulting from pesticide iliness after introducing
Bt cotton in South Africa. Pray etal. (2002) reported only 5-8 per cent of
Bt cotton farmersin Chinasuffered from pesticide illness compared with
22-29 per cent of other cotton farmers.

Knoxetal. 2006) lookedinto the specific environmental benefits of Bt
cottonin Australia. They reported Bt cotton has contributed considerable
environmental benefits. Fitt (2003) also found evidence for environmental
benefitsassociated withareductionin pesticide use in cotton growingareas
in Australia of 1.75millionlitres. Qaim and Traxler (2005) reported the wider
adoption of less toxic herbicides after introducing HT soy beanin Argentina.

Regarding biodiversity,astudy conducted in Spainfound there had been

no detrimental effect of Bt maize on predatory insects (Gémez-Barbero
and Rodriguez-Cerezo 2007). Morse et al. (2005) also found adoption of Bt
cottonin South Africaledtoanincrease in on-farm biodiversityand areturn
of beneficial predatoryinsects owingto the reduced use of pesticides.
Thesefindings agree withacomprehensive review of the literature onthe
environmentalimpact of GM crops conducted by Romeis et al. (2006).

Minimisingthe impact of GM cropping technologies on the environment
willrequire best practice farming techniques to be adopted and sustained.
Forexample, the potential development of resistance in the weed spec-
trumfrom HT crop production systemsarising from regular use of a single
herbicide willrequire monitoringand changes to farming practices where
appropriate.

Evidenceforincreasedresistancein the pest/weed spectrumasa result of
GM crop productionisscant. Theseissuesare considered ona case-by-
case basis duringthe OGTR’s approval process for the growing of GM crops
and measuresare putin place to manage resistance based on the leveland
nature of the risk.
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Economic costs and benefits to other sectors

Adoption of GM crops can have anumber of indirect impacts oninterrelated
upstreamindustries such asseed, fertiliserand pesticide industriesand
downstreamindustries such as transport, storage, feed processing, livestock,
food processingandtextile industries. This section examines how interre-
lated industries may be affected by GM crop adoption.

Technology providers

Whenanew technology enters the market, the total benefit of that tech-
nology is usually sharedamongthe technology provider, technology users
and consumers. The degree of competition in the market will determine
how the total benefits of GM technologies are shared among the three
groups (seebox4).Insome instances GM seed supply companies hold
apatentover theirtechnology and have therefore been successfulin
retainingashare of the total benefits fromtheirinnovation. Farmers and
consumers have also received benefits.

Herbicide and pesticide industries

Theintroduction of GM crops may also affect herbicide and pesticide
producers. Adoption of GM crops reduces the use of herbicide and pesticide
and,asaconsequence, the demand for these products decreases.

box4  Empirical studies onthe benefitsto seed suppliers from
the sale of GM seeds

Empirical studies investigating the benefits to upstream GM seed suppliers
have found benefitsvary. Flack-Zepedaetal. (2000) studied data from the
introduction of Bt cotton inthe United States from1996-98 and found
seed companies were extracting 36 per cent (US$77.4 million) of the

total benefit (US$215 million). The remainder of the benefit was shared
between farmers (45 per cent of total) through increased productivity and
consumers (19 per cent) through lower prices. In Argentina, Trigo and Cap
(2003) estimated that, from 1998 to 2003, Bt cotton technology suppliers
received 83 per cent (US$35 million) of the total benefits (US$42 million).

Otherstudies have estimated the gain to GM soy bean seed suppliers.
Traxler (2004) reportedthatalthoughlower prices have led US consumers
to benefit the most from GM soy bean adoption, receiving 53 per cent of
the total benefits, biotechnology companies are extracting a substantial
proportion (34 per cent). The case is different for GM soy bean technology
suppliersin Argentina. Weak protection of intellectual property rights for
GMsoy bean seed has enabled competitioninthe GM seed market,and
benefits have largely been passed on to farmers. Trigo and Cap (2003) and
Traxler (2004) have estimated seed companiesare receiving only 4-8 per
cent of total benefits.
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The decrease indemand may put downward pressure on prices of conven-
tional herbicides and pesticides. Bullock and Nitsi (2001) found herbicide
pricesinthe United States fell by 5o per cent between 1996 and 1999. Part
of the decline might be attributed to GM technology adoption during that
period. Desquilbetand Lemarie (2002) also argued there would be substan-
tiallosses for conventional herbicide producers if HT rapeseed were to be
introducedin France,asaresult of lower salesand prices. Inthe case of a
price fall, farmers who continue to produce non-GM crops will benefit.

As farmersadopt GM technology the demand for herbicides used on HT GM
crops will increase, possibly leading to price increases for these herbicides.
Forexample, Bullockand Nitsi (2007) reported the price of glyphosate
increased between1995and1998asaresult of the adoption of Roundup
Ready® soy bean.

Downstream industry impacts

Asacost-reducingtechnology, GM crop adoptionis likely tolead tofallsin
crop prices. Assuming no change inthe demand structure, downstream
industries and consumers willall benefit from lower pricesarising from the
technology.

Economy-wide models can be used to conduct economic analysis of
benefits from GMtechnologyadoption.Huangetal. 2003) assessed the
potential economic benefits of Bt cotton and Bt rice productionin China.
They estimateda10.9 per cent declinein cotton pricesasaresult of the
introducing Bt cotton. Thisresulted ina 4.8 per centincreasein suppliesto
the domestic textile sector. Inthe case of rice, which s currently in the pre-
production trial stage in China,economic modellingindicatesa12 per cent
reductionin price resulting from higheryield andlower production costs.

Anderson etal. (2006) studied the global impact of Bt cotton adoption
usingaglobal general equilibrium model. The results showa fall in the world
price of cotton. Asaresult, cottonimporting countries would receive
benefits for their textile industries.

Regional impacts

Theimpact of GM crop adoption onaregional economy will be determined
by the importance of the agriculturaland local processing sectors for that
economy. For economies where agriculture contributesalarger share of
gross regional product (GRP) the impact of GM crop adoption willbe more
pronounced.



3 Potential economic impacts
of GM crops in Australia

Inthis chapter, the economic impacts of two alternative GM crop adoption
scenarios for Australiaare discussed and quantitatively assessed for key
grain-growing states,and for illustrative purposes, a key region within New
South Wales. The first scenario (the canola-only scenario) provides an esti-
mate of the economic effects of a fulladoption of GM canola. The second
scenario (the five-crops scenario) provides an estimate of the economic
effects of the fulladoption of three GM crops commercially grown in other
countries — canola, soy beanand maize and two other GM crops not yet
available for commercial production but have undergone field trials, wheat
andrice.

Analytical framework

ABARE’s Ausregion model — adynamic multiregional computable general
equilibrium model of the Australian economy — is used to assess alternative
GMadoptionstrategiesin Australia. The model incorporates the interac-
tions and financial flows between sectorsand economic agents, including
consumers,governmentsand foreign buyers, and projects the economic
impactsinto the future, both at regional and nationallevels.

Forthe purposes of thisreport, Ausregion industry coverage has been
aggregatedto cover 29 industries including 16 agricultural industries. The
regional representationincludes the New South Wales Murray Catchment
Management Area, whichis separated out from New South Wales, the rest
of NSWandthe otherkey grain growing states — Victoria, South Australia,
Western Australiaand Queensland. The New South Wales Murray Catch-
ment Management Areais aregion of significant crop production (see
map1).Itis separated out asacase-study region to highlight the estimated
impact of GM crop cultivationforsuchanarea.

Thereference case represents the case where the only GM crop produced
iscotton. Itassumesthat no other GM crops will be adopted in Australia.
Toanalyse the effects of theintroduction of new GM crop technologiesin
Australia, the reference caseis used asa point of comparison for each alter-
native GM adoption scenario. A change of economic activity arising from
implementing scenarios is represented as the deviation fromthe reference
case.

19

map 1 New South Wales Murray
Catchment Management Area




Economicimpacts of GM cropsin Australia abare.govau 084

Assumptions

Productivity gains

The potential economicimpacts of GM crops on industriesand the
economy are simulated in Ausregion using changes in productivity.
Increasesinyieldare represented by increases in overall output produc-
tivity, producing more with the samelevel of inputs. Similarly, savingsin
material,labourand capitalinputsare implemented in the modelling.

Chapter 2 highlights that yieldand cost savings attributed to GM crop
adoptionvaryin different countries. Owing to the paucity of dataavailable
fromfieldtrialsin Australiaforthe GM crops considered in the scenarios,
proxy assumptions foryield changes,and materialand labour/capital input
costsavings have been drawn from international experience and used for
theanalysis (table 2). In particular, experiences of countries likely to have
agricultural technologies most similar to Australia’s, (namely Canadaand
the United States) are selected where available.

The potential yield increasesin table 2 lie within the range of yield improve-
ments frominternational literature (see table 7). The potential canola yield
increase of 10 per centis based on field trials and commercial production
in Canada (Serecon Management Consulting Incand Koch Paul Associates
2007) and field trialsin Australia (ACIL Tasman 2007). In countries where
itis currently grown, GM soy bean varieties were found to have little yield
impact (Qaimand Traxler 2005). For maize, US experience has shownan
averageyieldincrease of 6.5 per cent (Stone etal. 2002; Marraetal.2002).
Avyieldincrease of 9 per cent was reported from experimental field trials of
wheatin Canada (Berwaldetal.2006). Ayieldincrease of 5 per cent for GM

Assumed yield and cost changes with GM adoption by

scenarioa
GM crop yield material cost labour/capital cost
canola-only scenario % % %
canolab 10 -2.4 -3.8

Five-crops scenario

canolab 10 -2.4 -3.8
soy beanb o -13 -11
maize b 65 13 -
wheat 9 - -
rice 5 - -

aPercentage change for GM crop compared with non-GMcrop; bIn Ausregion, canolaisaggregated
intothe ‘oilseeds’sectorand soy beanand maize are aggregated into the ‘other grains’sector. Hence,
ineach simulation, theyield improvementsand cost savings shownintable 2 for canolaare adjusted
foreachregiontoreflecttherelative contribution of canolato each region’s oilseeds sector. Similarly,
theyieldimprovementsand cost savings for maizeare adjusted toreflect the relative contribution of
maize to each region’s ‘other grains’ sector.
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rice was obtained from results of individual farm trials in China (Huang et al.
2002;Huangetal.2005).

Therearealso cost reduction benefits for GM canolaand GM soy bean
production (seetable 2). These cost reductionsare net of increasesin

GM seed cost. The cost reductions for the two crops are estimated from
Canadianand United States commercial production experiences respec-
tively (Serecon Management Consulting Incand Koch Paul Associates 2007,
Brookesand Barfoot 2006). The cost reduction estimates are based on
reduced herbicide application and consequently less herbicide, labourand
machinery use. Less machinery use implies reduced use of fueland associ-
ated materialsandalso less machinery time. The combined savings in herbi-
cide, fueland associated materials make up material cost reduction. Savings
inlabourand machinery time make up labour/capital cost reduction.

Like farmersinthe United States, Australian maize farmers have onlyasmall
window of time in which to spray maize pests. Therefore the cost offset
fromusing less pesticide by adopting pest-resistant GM maize will be smaller
when comparedto those for other GM crops. Positive values for material
inputsin maize productionintable 2 indicate increases in material costs
resulting from higher costs of GM seeds which are not fully offset by reduc-
tionsin other material costs.

Adoption rate

Both the ‘canola-only’and ‘five-crops’ scenarios assume fulladoption of
the GM cropsin Australiastartingin the first year of adoption. This assump-
tionisdesignedto be purelyillustrative.In reality GM crops are likely to
beadopted progressively and not by all farmers. Asaresult,some form of
identity preservation, or the ability to trace products back to their origin,
fornon-GMand GM crops may be required. The assumption of 100 per cent
adoption of GM crops in the current analysis meansidentity preservation
costsare not necessaryand hence notincorporated.

Discount rate

The overall potentialimpacts of cultivating GM crops for the state and
regional economies are measuredas the sum of changesin gross regional
product of these economies, fromthe year of adoption to 2017-18. In order
to convert future income flows to present value terms,an assumed discount
rate of 5.0 per cent has been used for the analysis.

Adoption scenarios

Two alternative adoption time linesare considered for the scenarios;
adoptingearly (from 2008-09) and adopting late (from 2013-14). The
economic effectsin both scenariosare evaluated from the assumed adop-
tionyearin each respective scenario to 2017-18.
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Results

Regional/state income impacts

The estimated present values highlight the difference in economic gains
under the early and delayed adoption scenarios. Theyalsoillustrate the
comparative benefits of adopting GM canola only and the five prospective
crops. Economicimpacts for the respective states are presented toillus-
trate the relativeimportance of GM crop adoption toa particular state.

Underallscenarios economic activity increases most in the Rest of New
South Wales region (thatis, NSW excluding the Murray Catchment Manage-
ment Area) and Western Australia. Substantialincreasesin GRPin Victoria
and South Australiaare also projected. These increasesare attributable to
the large potential for GM crop adoption in these region/states. However,
the Murray Catchment Management Area gains the most relative to the size
of itseconomy,asthe cropping sector forms a substantial proportion of the
regional economy.

‘Canola-only’ scenario

Under the ‘canola-only’ scenario, gross regional productis projected to
increaseinall canolaproducing regions/states. The highest cumulative
increaseis projectedin the Rest of New South Wales region,ataround $273
million (in2006-07 dollars) under the assumption of early adoption and $121
million (in2006-07 dollars) under the delayed adoption assumption (figure
a). The difference between the gains under the two scenarios indicates that
the Rest of New South Wales would lose substantially by delaying GM canola
adoption.

a Economic benefits of GM canolaadoption
in2006-07dollars  cumulative from the adoption yearto 2017-18
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Significant economic benefits of adopting GM canolaare also projected for
otherstates. Forexample, the cumulative economic benefit for Western
Australiatoadopt canolafrom 2008-09 for the next 10 years would be
around $180 millionin 2006-07 dollars. Similarly, the benefit for South
Australiatoadopt canolaover the next 10 years would be around $115
million in 2006-07 dollars. Delaying canolaadoption for five years would
lead to forgone benefits of $97 million (in 2006-07 dollars) for Western
Australiaand $66 million (in 2006-07 dollars) for South Australia.

The cumulative benefit of adopting GM canolafor the economy of the
Murray Catchment Management Areais projected to be $76 million (in
2006-07 dollars) under earlier adoption and $34 million (in 2006-07
dollars) under delayed adoption. However,compared with other regions/
states,adopting GM canolain the Murray Catchment Management Area has
thelargest gain relative to the size of its economy.

‘Five-crops’ scenario

Under the scenario that GM canolais adopted alongside four other GM
field crops — soy bean, maize, wheat and rice — the cumulative economic
gainsto states/regions are projected to range from $174 million (in 2006-07
dollars) in Queensland to $2.9 billion (in 2006-07 dollars) in the Rest of New
South Wales over 2008-09 to 2017-18 (figure b). The cumulative economic
benefit for Western Australiato adopt the five GM field crops from 2008-
o9 forthe next1oyearswouldbearound $2.4 billionin 2006-07 dollars.
Similarly, the benefit for South Australiato adopt the five GM crops over the
same period would be around $1.4 billion in 2006-07 dollars.

b Economic benefits of five GM crops adoption
in2006-o07dollars  cumulative fromthe adoption year to 2017-18
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The benefits reduce where the adoption of these crops is delayed. If

the adoptionis delayed to 2013-14, the benefits to states/regions would
range from $115 millionin Queenslandto $1.3billioninthe Rest of New

South Wales. Under this scenario, significant benefits for major field crop
producing states/regions are foregone through delayingadoption. For
example, the Murray Management Catchment Area gains a cumulative $243
million (in2006-07 dollars) under delayed adoption compared with a cumu-
lative $551 million (in 2006-07 dollars) from earlier adoption.

Delayingadoptionfor five years would lead to foregone benefits totalling

$1.3billion (in2006-07 dollars) for Western Australiaand $814 million (in
2006-07 dollars) for South Australia.
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4Conc|usion

Since thefirst commercialisation of GM cropsin 1996, there has been rapid
globaladoption, suggesting GM crops are providing benefits to farmers.
Australia’s experience with GM field crops has been limited to GM cotton.
Various GM cotton varieties are available to Australian cotton farmers and
adoption has now exceeded 9o per cent of total cotton planting area.

Inthis report the potential economic impacts of GM crop adoption

in Australiaare assessed. The analysis was conducted at the state and
regionallevel. Adoption of GM canolais estimated to increase both state
andregional grossincome. The highest increase is projectedin the Rest of
New South Wales region, at $273 million (in 2006-07 dollars) over 10 years
underan earlyadoption scenarioandat $121 million (in 2006-07 dollars)
over five years under a delayed adoption scenario. The difference between
the estimated gains under the two scenarios indicates substantial fore-
gone benefitsare associated with delayingadoption. Significant economic
benefits of adopting GM canolaare also projected for other states.

The economicimpact of the potential introduction of five GM crops

— canola, soy bean, maize, riceand wheat — from 2008-09 and 2013-14
respectively wasalso considered. Under the scenario that GM canolais
adoptedalongside four other GMfield crops — soy bean, maize, wheat and
rice —the cumulative economic gains to states/regions are projected to
range from $174 million (in 2006-07 dollars) in Queensland to $2.9 billion (in
2006-07 dollars) inthe Rest of New South Wales over 2008-09 to 2017-18
(figureb). The benefitsare reduced where adopting these crops is delayed.
If the adoptionis delayed to 2013-14, the benefits to states/regions would
range from $115 millionin Queenslandto $1.3 billion in the Rest of New South
Wales.
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International adoption of GM crops
and the Australian experience

The firstsignificant planting (1.7 million ha) of GM crops took place in the
United States. Since then, global adoption of GM crops has increased
rapidly, reaching 114 million hectares by 2007, with the United States
accountingfor 5o per cent of thisarea (figure C). Other principaladopters of
GM cropsare Argentina, Brazil, Canada, Indiaand China, which together with
the United States accounted foraround 95 per cent of the globalarea grown
to GM crops (James 2007). GM crops are also being increasingly adopted by
farmersin other countries, with 17 countries accounting for the remainder
of global GM crop production.

Interms of the area cultivated worldwide, the predominant GM crops
planted to date have been soy bean (51 per cent), maize (31 per cent), cotton
(13 per cent) and canola (5 per cent) (figure D) (James 2007). Other commer-
cially planted GM crops include tomato, potato, sugar beet, tobacco,
squash, alfalfa, melonand papaya. These accounted for less than 1 per cent
of total GM crop plantings in 2006.

Soy beanisanimportant livestock feed and food crop. Critical to soy bean
productionis the effectiveness and efficiency of weed control. Accordingly,
HT soy bean varieties have been rapidly adopted, reaching 64 per cent of the
totalworld areaplantedto soy beanin 2006 —equivalent to 57 per cent of
theareaunderall GM crops. The United States is the main producer of HT
soy bean, with Argentinaand Brazil also contributing significantly to world
production (Gémez-Barbero and Rodriguez-Cerezo 2006).

Maize provides the largest share of global coarse grain production. GM
maize varieties have been developed using the Bt trait to provide protec-
tionagainstlossesinyieldsarisingfrominsect pests. By 2006, Bt maize
accounted foranarea of 25.2 million hectares, oraround 17 per cent of the
global maize area. The majority of GM maize is grown in the United States,
South Africaand Argentina. Smallareas of GM maize are planted annually in
the European Union (James 2007).

Cottonistheworld’s leadingindustrial crop in terms of area cultivated
(Gémez-Barberoand Rodriguez-Cerezo 2006). Cottonis highly susceptible
toanumberofinsect pestsandis therefore heavily reliant on pesticides.
Arounda quarter of pesticide use worldwide is in cotton production. To
reduce pesticide use andyield losses, cotton varieties have been engineered
to produce a protein that is toxic to certain species of insects (Bt cotton).
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The proportion of the global cotton area planted to GMvarieties was
around 43 per cent (15.0 million ha) in 2007.1n 2007, most of these plantings
were for Bt cotton (72 per cent), followed by Bt/HT cotton (21 per cent) and
HT cotton (7 per cent) James (2007).

Canolaisusedforboth humanfoodandanimalfeed. Management of

broad leaf weedsin canolacropsisanimportantactivity in production,as
competition for nutrients by weeds reduces overall crop yields. HT canola
contains genes, which provide tolerance to broad spectrum herbicides such
as glyphosate and glufosinate-ammonium, providing a management tool for
weed control.In2006, the proportion of global canolaareaplanted to GM
varietieswasaround 18 per cent. Currently, the only producers of GM canola
are Canadaandthe United States.

Australia’s adoption of GM crops

GM cotton

Australiais asignificant producer of cotton. In the period 2000-01to
2005-06, Australia produced anaverage of 590 400 tonnes ayear of cotton
lint (ABARE 2006). Australiaisalso asignificant exporter of cottonlint,
ranking fifth. Currently GM cotton varieties account foraround 9o per cent
of total Australian cotton plantings (James 2007) (figuree).

Cottonissusceptible to attacks frominsect pests, notably the helicoverpa
caterpillar. Arange of GM cotton varieties have been adopted by Australian
cotton producers since 1996, resultinginareduction in the use of pesti-
cidesand herbicides. Varieties suchas Ingardand Bollgard Il cotton contain
proteins toxic to the helicoverpa caterpillar,and have been widely planted by
cottonfarmers. More recently, Australian producers have adopted cotton
varietiesincorporating HT traits resistant to the application of broad spec-
trum herbicides — such as Monsanto’s Roundup Ready® Flex —allowing
herbicide applications wellinto the later stages of the growing season.
These GM cotton varieties are available with stacked Btand HT traitsand
have been widelyaccepted by cotton producers,accounting for 8o per cent
of the totalareaplanted to GM cotton in 2007 (James 2007).

Currently both private and public researchis being conducted into future
varieties of GM cotton. Forexample, field trials are either being undertaken
orplanned for GM varieties resistant to water logging, can use water more
efficiently,orimprove the fungal resistance of the plant (Ministerial GMO
Industry Reference Group 2007).

Overthe longerterm,itis possible GM cotton technology will enable cotton
production to expand intoareas where itis now unviable. For example,
cotton productioninthe OrdRiverIrrigation Area ceased in the 1970s
because of difficulties in controlling pests. However GM technology may
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make cotton production aviable optionin this area (Ministerial GMO
Industry Reference Group 2007).

GM canola

HT canolahasbeen licensed for release by the Office of the Gene Tech-
nology Regulator (OGTR) and has beenapproved for commercial release
inVictoria. New South Wales has approved the release of GM food crops,
including canola, but underastrict licence regime and subject to final minis-
terialapproval. Other state and territory governments continue to review
their moratoria on the growing of GM crops,apart fromthe Northern Terri-
toryand Queensland where no restrictions are placed on the growing of GM
cropsonce approved by the OGTR.

Prospective GM crops

Wheat

In June 2007, the Victorian Department of Primary Industries was granted
alicence fromthe OGTRto carry out field trials of drought-resistant wheat.
Also, the CSIROis currently conducting field trials for GM wheat with
increased starch content (Glover et al. 2005). In addition, Grains Biotech
Australia has conducted field trials of herbicide and salt-tolerant wheat
(O’Niel 2005).

Significant research isalso being undertakeninto developing GM wheat
varieties for commercial release overseas. For example, Syngenta, a
Swiss-based company, is carrying out field trials in North America of a GM
wheatvariety resistant to the fungal disease fusarium, a disease which can
stunt plant growth and reduce yields of wheat crops by around 1-3 per

cent (Gianessi2005). Fusarium-infected crops also pose a serious risk to
consumers as toxins produced by the fungus can affect human health (GMO
Compass 2006). GM wheat field trialsare also under way in Mexico and
China (Berwald etal.2006).

Rice

Researchinto developingsuitable GMrice strainsisin progress globally. A

world leaderin GMrice researchis China, where several varieties of insect-
resistant GM rice have passed fieldand environment release trialsand are

now being tested in farm trials (Huang etal. 2005).
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Australian researchinstitutions, state agriculture departments and local
andinternational biotechnology companies are engaged in biotechnology
programsand many of these involve field trials of GM crops (seetable 3).

3 Examples of GM field crop trials currently under way

State/territory GMcrop GMtrait

New South Wales Cotton  Water use efficiency

Victoria Canolaand  Herbicide tolerance and hybrid breeding

Indianmustard ~ system

Victoria Wheat  Drought tolerance

Victoria Grapevines  Expression of modified colour, sugar
composition, floweringand fruit development

Victoria Rose  Altered flower colour

Victoria White clover  Viral resistance

Queensland Papaya Delayedfruitripening

Queensland Sugarcane  Altered plantarchitecture, enhanced water or
improved nitrogen use efficiency, Altered sugar
content

Queensland Pineapple  Reduction of blackheart, delayed flowering

Source: Office of the Gene Technology Regulator, www.ogtr.gov.au.
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Inadditiontothe trials under way,a number of field trialsare in the post-
harvest monitoring phase (seetable 4).

4 Examples of GM field crop trials in post-harvest
monitoring phase

State/territory GMcrop  GMtrait
New South Wales Rice  Herbicide tolerance
New South Wales Cotton  Insecticidal, herbicide tolerance, and

water logging tolerance
New South Wales White clover  Viral resistance

Victoria Canola  Herbicide tolerance, hybrid breeding system
Victoria Indian mustard ~ Herbicide tolerance, hybrid breeding system
Queensland Cotton  Water use efficiency, fungal resistance,

insecticidal, herbicide resistance

South Australia Canola  Herbicide tolerance, hybrid breeding system
South Australia Indianmustard ~ Herbicide tolerance

Tasmania Canola  Fungaland herbicide resistance

ACT Wheat  Altered grainstarch

Source: Office of the Gene Technology Regulator www.ogtr.gov.au.
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