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This discussion paper was prepared by the Ministerial GMO Industry Reference Group to 
obtain feedback from stakeholders on the production of Generically Modified (GM) cotton in 
the Ord River Irrigation Area located in the north of Western Australia. 

The Western Australian Government established the Ministerial GMO Industry Reference 
Group to identify issues relating to the use of biotechnology in agricultural crops in Western 
Australia. 

To assist in completing its task the Reference Group resolved to release discussion papers to 
obtain feedback from stakeholders. 

The GM cotton in The Ord River Irrigation Area is the first of these discussion papers. 

The views expressed in this report do not necessarily reflect those of individual members of 
the Group or the organisations they may represent. 
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 EXECUTIVE SUMMARY 

From the initial plantings in the mid 1990s, GM cotton has expanded to 13.4 million hectares 
representing 13 per cent of all global cotton plantings.  About 36 per cent of world cotton 
exports are GM.   World markets do not differentiate between GM and conventional cotton.   

In some parts of the world, there has been consumer resistance to the sale of GM food crops.  
GM cotton is grown for its fibre, resulting in less controversy over its use.  However, 
cottonseed oil is used in the food industry.   

The main genes incorporated into the cotton genome provide herbicide tolerance (Roundup 
Ready®, Roundup Ready Flex® and Liberty Link®) and insect resistance (Ingard®, Bollgard® 

and Bollgard II®).  Roundup Ready® and Roundup Ready Flex® cotton were developed to 
increase tolerance to the active ingredient in Roundup herbicide.  Using Roundup Ready® and 
Roundup Ready Flex® growers can apply Roundup herbicide over the cotton plant and only 
kill the weeds.  Roundup herbicide kills plants by inhibiting the synthesis of three amino acids.  
By inserting a gene into the genome of cotton, it is able to withstand applications of Roundup.   

Liberty Link® cotton contains a single gene derived from a soil bacterium (Streptomyces 
hygroscopicus) that provides tolerance to herbicides containing glufosinate ammonium.  By 
inserting this gene into cotton, the plant is able to convert the glufosinate ammonium into an 
inactive form.  Cotton with this gene can withstand applications of the herbicides containing 
glufosinate ammonium while surrounding susceptible weeds perish. 

A naturally occurring soil bacteria Bacillius thuringiensis (Bt) produces a toxin that controls 
newly hatching Helicoverpa amigera (bollworm) and Helicoverpa punctigera (budworm) 
larvae, which are both serious pests of cotton.  Bt has at least two different genes that 
produce proteins that bind to separate specific receptors on the insect mid-gut causing death.  
Ingard® cotton has one of these genes while Bollgard II® cotton has two genes inserted.  
Susceptible larvae perish when they consume part of a Bollgard II® or Ingard® cotton plant. 

New South Wales and Queensland allow the production of GM cotton.  Queensland allows 
the growing of all GM crops while New South Wales has a moratorium on GM food crops but 
not fibre crops.  Western Australia’s GM moratorium covers both food and fibre crops.  

The Australian cotton industry quickly adopted the GM technology.  About 90 per cent of 
cotton grown in Australia is exported.  Australia has an open market policy and the nation’s 
cotton growers must compete on the world market without the assistance of government 
financial support.  The cotton industry, which is highly organised, must quickly adopt new 
technologies that will make it more competitive.  During 2006-07, GM cotton varieties will 
make up an estimated 92 per cent of total Australian cotton plantings. 

When cotton was first grown in the ORIA during the 1960s and 1970s prior to GM technology, 
the crop failed due to high pest pressures.  Large quantities of insecticides were applied; over 
16,000 grams per hectare of DDT along with other insecticides were sprayed to control cotton 
bollworm, the major pest in the ORIA.  Using GM technology in trial plots in the ORIA the rate 
of insecticides used has decreased significantly.  The pesticides currently used are usually 
specific to one or two types of pest (i.e. mites and/or aphids, etc.) and are non-persistent. 

The reduced amounts of herbicides and pesticides used on GM cotton means that there are 
fewer chemicals to pollute water ways, less chemical residues in the soil and less effect on 
beneficial insects than if conventional cotton was grown.   

At present, the main crop in the Ord is sugar cane and there is a potential for a monoculture 
to develop.  Growing GM cotton in the ORIA would provide a rotation crop for sugar cane.  
Rotating sugar cane, which is a grass, with cotton, a broad leaf crop, would help to prevent 
the build up of soil pests and diseases.  GM cotton is a relatively low user of irrigation water 
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compared to sugar cane and the two crops would complement each other.  Cotton, like sugar, 
is a commodity traded on world markets.  Including cotton in the crop mix would help to 
reduce revenue fluctuations. 

An indicative financial analysis and an evaluation of social impact of a GM cotton industry in 
the ORIA were completed.  The analysis assumes both GM cotton and sugar cane are 
produced in Ord Stage II.  The initial size of the cotton industry is 72,000 bales (16,000 
tonne), which is above the reported minimum economic size of 60,000 bales.  The results 
indicate that a GM cotton industry would be financially robust and there may be significant 
social benefits.  Around 120 full time jobs could result from a 9,000 hectare GM cotton 
industry.  Including flow-on effects, the total number of full-time jobs could be 220.  Any 
commercial cotton development in the ORIA will depend on several factors including the 
continued efficacy of GM cotton, market returns and exchange rates. 

In preparing this paper, the Ministerial GMO Industry Reference Group has reviewed the 
literature on GM cotton.  The committee understands that there is a wide range of opinions in 
the community on GM food crops.  To capture the diversity of views on the Reference Group 
several members prepared addendums to this report.  Community concern relating to the 
production of GM fibre crops has been limited but apprehensions have been expressed.  The 
Ministerial GMO Industry Reference Group welcomes written input from interested people.   
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1 INTRODUCTION: OVERVIEW OF THE COTTON INDUSTRY 

1.1 OVERVIEW OF GENETICALLY MODIFIED CROPS 

According to the International Service for the Acquisition of Agri-biotech Applications (ISAAA), 
between 1996 and 2006 the commercial cultivation of genetically modified (GM) crops 
increased significantly.  In 1996, there was 1.7 million hectares, and by 2006, there was 102.0 
million hectares planted with GM crops by 10.3 million farmers in 22 countries (James 2007).  
The principal GM crop in 2006 was soybean grown on 58.6 million hectares (57 per cent of 
global biotech area), followed by maize on 25.2 million hectares (25 per cent), cotton on 13.4 
million hectares (13 per cent) and canola on 4.8 million hectares (5 per cent).  In 2006, the 
United States of America (USA) was the major GM crop producing country and accounted for 
55 per cent of the total global area (Table 1).  Argentina accounted for 18 per cent of the total 
global area.  Australia produces 0.3 million hectares of GM crops, exclusively cotton and 
accounts for less than one per cent of the total global area (James 2007). 

In 2006, the most dominant trait was herbicide tolerance in soybean, maize, cotton and 
canola occupying 69.97 million hectares (69 per cent of global GM area) (Figure 1).  Bacillus 
thuringiensis (Bt) insect resistance occupied 19.0 million hectares (19 per cent) and the 
stacked Bt/herbicide tolerant genes represented 13.1 million hectares (13 per cent).   

Table 1. Global Area of Biotech Crops planted by country in 2006 

Country 
Area 

(ha million) 

Proportion 
of world 
biotech 
plantings 

GM crop 

USA 54.6 53.5 Soybean, maize, cotton, canola, squash, papaya, alfalfa 

Argentina 18.0 17.7 Cotton, maize, soybean 

Brazil 11.5 11.3 Soybean, cotton 

Canada 6.1 6.0 Canola, maize, soybean 

India 3.8 3.7 Cotton 

China 3.5 3.4 Cotton 

Paraguay 2.0 2.0 Soybean 

South Africa 1.4 1.4 Maize, soybean, cotton 

Uruguay 0.4 0.4 Soybean, maize 

Philippines 0.2 0.2 Maize 

Australia 0.3 0.3 Cotton 

Total 102 100  

Source: James (2007). 
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Figure 1. Global area of biotech crops by trait 1996 to 2005 (James 2006) 
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Bt cotton was the third highest GM crop grown commercially on 13.4 million hectares 
worldwide, equivalent to 13 per cent of the worldwide biotech area and approximately 39 per 
cent of the worldwide total (GM and conventional) cotton area planted.   

China, the world’s largest importer of cotton, accounted for 33 per cent of the world’s cotton 
trade.  It is followed by Turkey, Indonesia, Pakistan and Thailand (Table 2).  The top five 
importing countries account for 58 per cent of trade, while the top five exporting countries 
account for 68 per cent of total shipments.  All the main exporting countries grow GM cotton.  
In 2005-06, Australia exported 675,000 tonnes of cotton (Table 2) to the world’s major 
importing markets of Indonesia, Thailand, the Republic of Korea, Japan and China.  

GM cotton accounted for 34 per cent of exported cotton worldwide in 2002-03 and 36 per cent 
in 2003-04 (Guitchounts 2004).   

Cotton is the only GM crop commercially grown in Australia.  The first variety was released in 
1996 and in 2006-07 an estimated 92 per cent of Australia’s cotton plantings will be GM 
varieties (Foster 2007). The modified traits were insect resistance and herbicide tolerance, 
with some varieties containing both types of traits (M Foster 2006).  It is claimed that the 
current generation of insect resistant GM varieties (Bollgard  II) in Australia reduce insecticide 
use by around 85 per cent compared with conventional varieties (Cotton Research and 
Development Corporation 2005).  It should be noted however, that this claim is not relevant to 
the future of cotton in the ORIA since conventional cotton varieties are not grown.  What is 
relevant is to determine what the impact of pesticides used will be in the event that cotton is 
grown at all and how that chemical use pattern might compare with an alternative crop such 
as sugar. 
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Table 2. Cotton trade in selected countries during 2004-05 and 2005-06 
Imports (‘000 tonne) Exports (‘000 tonne) 

Country 
2004-05* 2005-06* 

Country 
2004-05* 2005-06* 

China 1,390 4,136 USA 3,137 3,701 

Turkey 742 751 Uzbekistan 860 1,045 

Thailand 496 414 Australia 436 675 

Indonesia 479 478 Brazil 339 446 

Bangladesh 403 446 Greece 255 294 

Pakistan 370 403 Mali 207 234 

Mexico 394 348 Syria 152 180 

Australia 0.2 - India 144 544 

World 7,257 9,525 World 7,618 9,429 

Source USDA.    * Market year. 

1.2 COTTON USES 

Cotton fibre (or lint) is extracted from the seed cotton and is used for clothing and textiles, 
Cotton fibre accounts for around 85 per cent of the commercial value of seed cotton.  The 
seed after the lint has been extracted produces a range of products including, meal, oil and 
linters.  Meal is used as a source if dietary fibre and protein for cattle.  Cottonseed oil is used 
in the fast food industry and the refining process removes essentially all DNA (Klein et al. 
1998; Jonas et al. 2001).  Inadequate crushing and refining technology may leave remnant 
DNA in the oil.  Approximately eleven per cent of worldwide oilseed production is now from 
cottonseed (Lawrance et al. 2006). 

Figure 2. Possible uses of fibre and seed produced by cotton plant 
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1.3 COTTON CHARACTERISTICS  

Cotton grows optimally in tropical or subtropical regions in an average temperature range of 
25°C to 30°C.  Adequate water is required for vegetative growth, flowering and fruit formation, 
followed by dry conditions for fruit ripening and harvest.   

  PAGE  8 

 



GM Cotton in the Ord River Irrigation Area 

Cotton is the single most important natural fibre and accounts for 40 per cent of the total 
natural fibre production worldwide.  Cotton fibre is obtained from harvesting the fruit or boll of 
the cotton plant that belongs to the genus Gossypium and the family Malvaceae.  The most 
commonly cultivated species, Gossypium hirsutum and Gossypium barbadense, are self-
pollinating allotetraploids and therefore unable to outcross with the wild diploid cotton species.  
G. hirsutum or upland cotton, originally from Mexico, accounts for approximately 97 per cent 
of the cotton fibre production worldwide.  Almost 3 per cent of the worldwide production 
comes from long staple cotton (G. barbadense), which originated from Peru and produces the 
highest quality fibres in terms of fineness and length.   

1.4 CUSTOMER REQUIREMENTS 

Almost 90 per cent of cotton produced in Australia is exported for use in clothing and fabrics.  
Australian cotton must be of a certain quality to meet the requirements of customers such as 
spinning mills.  A survey of spinning mills that purchase Australian cotton found that the 
desirable characteristics were low contamination levels, colour, grade, spin-ability and fibre 
length (Marinus H.J van der Sluijs et al.2004). 

1.5 MARKET PRICING AND QUALITY 

Maximising the value of Australian cotton is the prime objective of the industry and therefore 
must be considered when proposing GM cotton.  Cotton pricing is affected by a number of 
factors such as quality (related to growing conditions and variety), as well as government 
support programmes like those in the US and China (Larsen 2003).  Prices obtained in 
international markets are largely determined by quality and therefore this parameter 
differentiates supplying countries (Table 3).  Cotton fibre is classed according to its grade, 
length, strength and micronaire.  Standards defined by the US Department of Agriculture for 
determining quality are generally accepted worldwide (http://www.unctad.org/).  Grade is 
determined by the trash content, colour and gin preparation.  As a general rule, cotton 
premiums increase due to increased whiteness, length, strength and micronaire (Larsen 
2003).  Overall, it is the level of demand and supply that determines the fluctuation in cotton 
pricing. 

Currently, there is no world futures contract used as an international benchmark for pricing 
cotton.  The futures used on the New York Board of Trade reflect the US cotton price.  
Instead, the world raw cotton indicator price, compiled by a United Kingdom consultancy, 
Cotton Outlook, is published daily as “Cotlook A-Index” and “Cotlook B-Index”.   

The Cotlook A-Index is determined by the average of the five lowest quotations of upland 
cotton traded by nineteen countries with Far East ports.  The Cotlook B-Index is for coarse 
count cotton for spinning from currently nine countries exporting to European ports.   

There is no price differentiation on the New York Board of Trade or Cotton Outlook between 
GM and conventional cotton, however there is a price premium for certified organic cotton 
(International Cotton Advisory Committee 2003) that supplies a small niche market.  Organic 
cotton is usually sold directly to a mill or manufacturer and the price negotiated by the farmer 
and buyer (Guerena and Sullivan 2003).   The production costs of organic cotton has been 
found to be 35 per cent higher due to higher costs for hand-weeding and lower yields than 
conventional cotton (Swezey et al. 2004).  Because of pest pressures in the north of Western 
Australia it is unlikely that organic cotton could be produced economically but other crops are 
grown organically and there are plans to expand the area. 

Since 2002, Australian cotton has received higher basis premiums to New York futures prices 
from mill buyers in Japan, Indonesia, Korea and Thailand.  These mills produce fine count 
cotton yarn and pay a premium for Australian cotton. 

It is alleged several countries have price support schemes to assist their cotton industry.  
Brazil has recently requested an investigation into the US domestic subsidies program.  The 
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World Trade Organization (WTO) ruled that the US domestic subsidies lowered world parity 
prices and were  reflected in lower cotton prices for farmers in Brazil and other export 
countries (World Trade Organization 2005).  Potentially, if the US farmers do not retain the 
subsidies the international price of cotton could increase. 

Table 3: Hierarchy of cotton quality classifications (Larsen 2003) 

Grade Comment 

Extra fine cotton (long 
staple) 
US Pima, Egyptian, Sudan, 
Central Asia 

US Pima is the leader among the world’s extra fine cotton, in part due to its effective 
contamination free status compared with other major producing countries such as Egypt 
and China (Suh, 2002).  The premium attached to extra fine cotton (as represented by 
US Pima quotations) averaged 70 per cent above the A Index during the 1990s and 
nearly 100 per cent or double the A Index in 2000-01. 

Fine and High-medium 
cotton 
*(Strict Middling, 1-1/8”) 
US SJV, Zimbabwean, 
Australian, ‘Franc Zone’ 

In the category of fine cotton, US (San Joachim Valley) cotton stands as the superior 
quality followed by high-medium cotton represented by Australian, Zimbabwean and 
Francophone cotton. 
The premium for cotton fibre in the category has average 16% above the A Index in the 
late 1990s and early 2000s. 
High-medium.  During the last decade Zimbabwean fibre has commanded a premium 
around 10% above the A Index 

A Index: Medium cotton (middling, 1-1/32”) 
US California 
US Memphis 
Australian (incl. Ord River Irrigation Area (ORIA) 
Tanzanian AR, 2   
Turkish (Izmir)   
Indian   Roller ginned cotton 
Sudan (Acala)   
Brazilian    
US Orleans 
‘Franc Zone’ 
Spanish 
Uzbekistan 
Greek 
Mexican 
Chinese (329) 
Paraguayan 
Pakistan (1503) 
 
B Index: Course count cotton (Strict low middling) 
US Orleans/Texas 
Brazilian 
Uzbekistan 
Indian (J-43 saw gin) 
Pakistan (1503 saw gin) 
Turkish (Adana, roller gin) 
Chinese (527) 
Argentine 

1.6 PRODUCTIVITY AND YIELD IN AUSTRALIA AND OTHER COUNTRIES 

Since the early 1960s, the world average yield of seed cotton has steadily increased from 
858 kg/ha in 1961 to 1,985 kg/ha in 2004 (Food and Agriculture Organisation Statistics).  Raw 
cotton production has increased in all main producing nations (China, India, Pakistan and 
USA) ensuring record outputs (Table 4). 
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Table 4. World production of raw cotton (‘000 tonne) 

Country 2001/02* 2002/03* 2003/04* 2004/05* 2005/06* 
2006/07* 
Forecast 

China 5,313 4,921 4,855 6,314 5,704 6,695 

USA 4,421 3,747 3,975 5,062 5,201 4,731 

India 2,678 2,308 3,048 4,137 4,180 4,572 

Pakistan 1,807 1,698 1,687 2,426 2,145 2,090 

Uzbekistan 1,067 1,002 893 1,132 1,208 1,176 

Brazil 766 847 1,310 1,285 1,023 1,306 

Turkey 865 910 893 904 773 871 

Australia 727 366 370 653 609 283 

Other 3,857 3,416 3,710 4,278 4,008 3,971 

World 21,501 19,215 20,741 26,191 24,852 25,413 

Source: United States Department of Agriculture (USDA).   * denotes market year. 

According to the ICAC, cotton fibre yields have also increased substantially from 314 kg/ha in 
1961 to 619 kg/ha in 2003.  According to the United States Department of Agriculture 
statistics in 2005/06, world cotton fibre yields reached 722 kg/ha (Table 5). 

Table 5. Cotton area harvested and fibre yield in selected countries 
Area harvested (‘000 ha) Fibre yield (kg/ha) 

Country 
2004/05 2005/06* 2004/05 2005/06* 

China 5,690 5,060 1,109 1,127 

USA 5,284 5,586 958 931 

India 8,920 8,830 463 473 

Pakistan 3,192 3,100 760 692 

Uzbekistan 1,419 1,432 797 844 

Brazil 1,172 825 1,096 1,240 

Turkey 700 600 1,290 1,288 

Australia1 314 310 2,080 1,814 

Other2 9,083 8,755 476 470 

World 35,774 34,498 733 722 

Source: United States Department of Agriculture (USDA).  * denotes provisional figure. 
Note 1 Initial yields expected in the ORIA 8.6 bales/ha equivalent to 1,950 kg/ha. 
Note 2 Estimated figure 

Australia is the major cotton producer in the Southern Hemisphere, one of the top ten 
producers of cotton in the world, and is viewed by the world market as a reliable supplier of 
high quality cotton.  The major cotton growing regions are the Macquarie, Namoi and Gwydir 
valleys in New South Wales, and Emerald and the Darling Downs in Queensland below 
latitude 22 degrees South (Figure 3).  The gross value of production of the cotton industry in 
Australia is approximately $1.2 billion (Australian Bureau of Agricultural and Resource 
Economics 2005).  Australia has amongst the highest yields in the world (Table 5).  In 2005-
06, the total area sown to cotton in Australia was 335,500 hectares and production of cotton 
lint was 587,100 tonnes (Australian Bureau of Agricultural and Resource Economics 2007).  
During 2006 below average rainfall in winter and spring across northern New South Wales 
and southern Queensland has resulted in very low water storage in cotton growing regions .  
As a result the area planted to cotton in 2006-07 is expected to fall to 150,000 hectares 
(Australian Bureau of Agricultural and Resource Economics, December 2006). 
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Over the past three years lint yields of Bollgard II® cotton grown experimentally in the ORIA 
averaged 1,990 kg/ha (Table 6).  These yields are eight per cent above the Australian yields 
for the same period and just under twice the world average yields. 

Table 6. Average cotton lint yields in the Ord River Irrigation Area, Australia and the world 
(kg/ha) 

Year 
Ord River 
Irrigation 

Area 

Australian 
industry World 

2003/04 1,907 1,763 643 

2004/05 1,930 2,011 732 

2005/06 2,133 1,779 724 

Average1 1,990 1,851 700 
Source: ORIA yields - GM cotton research in the Ord River Irrigation Area, Department of Agriculture and Food Western Australia 
2006 
Australian and World yields - Australian Bureau of Agricultural and Resource Economics Commodity Statistics (2007) 
Note 1 Non-weighted average. 

 

Figure 3. Main GM cotton commercial growing areas in Australia 

 

Brazil is potentially a major competitor for Australia because it can produce high quality cotton 
fibre due to its natural environment, as well as producing cheaper cotton due to low labour 
costs (Morison 2005).  It also produces high yields, has a large domestic market, exports to 
many of the same customers as Australia i.e. Indonesia, Thailand, Japan, India and Pakistan, 
and can forward sell at lower prices than Australian growers (Morison 2005).  Brazil has 
produced GM cotton since March 2005 (Science and Development Network).  

1.7 TRANSGENIC COMMERCIAL COTTON VARIETIES IN AUSTRALIA AND MAIN PRODUCING 
COUNTRIES  

The main traits in cotton that have been the focus of commercialisation are herbicide 
tolerance and insect resistance.  There are a number of pests of cotton, some of which have 
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developed high levels of resistance to synthetic chemicals (Cotton Catchment Communities 
2006).  Ingard® or Bt Cotton was created by inserting the Cry1Ac gene from the naturally 
occurring soil bacteria Bacillus thuringiensis (Bt) that encodes the Bt protein, δ endotoxin 
Cry1Ac, providing inbuilt toxicity to newly hatched Helicoverpa larvae. Improved 
biotechnology enabled the creation of insecticidal transgenic cotton that became 
commercially available in 2002 as Bollgard II®.  The Bollgard II® transgenic contained the 
Bt gene encoding Cry1Ac as well as another B. thuringiensis gene that encodes a different 
Bt protein, δ-endotoxin Cry2Ab.   Ingard® varieties were phased out of cultivation after the 
2003-2004 season.  The Bt proteins specifically control certain Lepidopteran larvae such as 
the pink bollworm (Pectinophora gossypiella) and cotton bollworm (Helicoverpa armigera) 
when they feed on the cotton plant.  The Bt protein locks into the receptor in the gut causing 
the gut wall to rupture and leads to starvation and eventual death.  Originally it was thought 
that the specificity was due to the target insects having alkaline gut conditions that transform 
the Bt proteins into endotoxins (CSIRO 1994). However, a recent study found that 
B. thuringiensis-induced mortality was dependent on the presence of enteric bacteria 
(Broderick et al. 2006) 

Over the long term, continually growing GM cotton may affect the range of insect species 
present, which may result in an increase in the use of insecticides. 

The herbicidal tolerant Roundup Ready® cotton was developed to increase tolerance to the 
active ingredient in Roundup Ready® herbicide, glyphosate, that inhibits the 
5-enolpyruvylshikimate-3-phosphate synthase (EPSPS) enzyme (Steinrucken and Amrhein 
1980) necessary for production of three amino acids essential in protein synthesis and plant 
growth.  There is very low toxicity for humans and animals because they do not contain the 
same EPSPS pathway that is blocked in plants when treated with the herbicide (Office of 
Gene Technology Regulator 2005). 

The USA was the first country to develop and commercially grow GM cotton in 1996/97.  
Transgenic cottons in USA are Bollgard II® with Roundup Ready® and Roundup Ready Flex®.   

The second country of the world to develop a GM crop and obtain intellectual property rights 
was China.  The Chinese government first approved commercialisation of GM cotton in 1997.  
A variety of Bt cotton produced by Monsanto was the first GM cotton to be commercially 
planted in China.  China soon began to produce its own GM cotton varieties and by 2001 
there were at least eight Bt varieties licensed for commercialisation by the government.  
China has also been using other genes such as those for proteinase inhibitors, α-amylase 
inhibitor and lectins to produce insect-resistant GM cotton (Zhang et al. 2000).   

In Australia, the commercialisation of GM cotton has been successful.  Insect-resistant GM 
cotton was grown commercially in Australia for the first time in 1996, after six years of field 
trials and approval for release by the Office of the Gene Technology Regulator (OGTR) 
(formerly known as the Genetic Manipulation Advisory Committee).   

In Western Australia, the cultivation of GM crops is prohibited by the GM Crops Free Areas 
Act 2003 (WA).  The Minister for Agriculture and Food can exempt a particular GM crop 
and/or area. 

An independent review of the Gene Technology Act 2000 conducted by the Gene Technology 
Ministerial Committee was released in 2006.  The review stated that State moratoriums 
preventing the commercialisation of GM crops are stifling the development of agricultural 
biotechnology in Australia.  Western Australia is the only state that has a moratorium on fibre 
crops such as cotton.  
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1.8 FUTURE DEVELOPMENTS IN TRANSGENIC COTTON  

The Australian Government has a free market policy and therefore the agricultural industry 
needs to adopt new technology that provides a competitive advantage.  In Australia there are 
plans to develop and commercially release new transgenic cotton crops over the next five 
years.  Monsanto Australia Ltd (Monsanto) was granted a license by the OGTR in 2006 to 
release Roundup Ready Flex®, which will enable farmers to control weeds throughout the 
whole season.  Roundup Ready® cotton contains the single gene cp4epsps that confers 
tolerance to glyphosate.  Like Roundup Ready®, Roundup Ready Flex® also contains the 
cp4epsps gene except it has two copies and therefore has a “double dose” of tolerance which 
enables the plant to tolerate applications of Roundup herbicide at later stages of 
development.  The main advantage of Roundup Ready Flex® is to provide flexibility in 
spraying times without increasing the overall amount of glyphosate applied to the crop. 
Growers can select the most effective time to apply Roundup® and, therefore maximise weed 
control from a single application.  Roundup Ready Flex® will also obviate the need for residual 
pre-emergent herbicides such as pendimethalin (Stomp®) in cotton cropping systems. 

In October 2006, the OGTR issued a licence to Monsanto permitting the commercial, 
unrestricted release of five GM cotton lines in northern Australia north of latitude 22 degree 
South (OGTR 2006b).  The GM cotton lines were insect resistant Bollgard II®, herbicide 
tolerant Roundup Ready®, herbicide tolerant Roundup Ready Flex®, herbicide tolerant/insect 
resistant Roundup Ready®/Bollgard II® and herbicide tolerant/insect resistant Roundup Ready 
Flex®/Bollgard II® (OGTR 2006a).  

Bayer CropScience Pty Ltd (Bayer) has developed an alternative to Roundup Ready® tolerant 
cotton and during August 2006 the OGTR granted a licence for the commercial release of 
herbicide tolerant Liberty Link® cotton.  Liberty Link® contains a single copy of the bar 
(bialaphos resistance) gene that confers tolerance to glufosinate ammonium, the active 
component in the alternative Roundup herbicides Basta®, Finale®, Buster® and Liberty®.  The 
bar gene, derived from the soil bacterium Streptomyces hygroscopicus, encodes the 
phosphinothricin acetyltransferase (PAT) enzyme that converts glufosinate ammonium into an 
inactive form.   

An alternative insect resistant cotton, developed by Deltapine Australia Pty Ltd (now owned 
by Monsanto), is likely to be available within five years.  Monsanto have applied to the OGTR 
for a license to release COT102 GM cotton lines on a limited scale under controlled 
conditions.  The COT102 GM cotton lines contain the vip3A gene from the soil bacterium 
Bacillus thuringiensis (Bt) which encodes the vegetative insecticidal protein 3A (VIP3A) 
(Estruch et al. 1996). 

The CSIRO applied to the OGTR and was recently granted a licence for the limited and 
controlled release of GM waterlogging tolerant cotton.  The CSIRO GM cotton lines contain 
AHb1, a waterlogging tolerance gene, derived from the common thale cress (Arabidopsis 
thaliana).  The AHb1 gene encodes a protein thought to provide tolerance to waterlogging 
stress, a major concern worldwide in cotton production, especially on clay soils.  Apart from 
waterlogging tolerance, the CSIRO have also been working with commercially released non-
GM cotton varieties that have been improved for fibre quality by traditional breeding 
techniques.  The commercial potential of these quality improved varieties can be further 
enhanced by the incorporation of Bollgard II® genes to provide insect resistance.  This will 
protect these varieties when grown in areas with high pest pressures such as the Ord River 
Irrigation Area. 

A critical factor in agriculture is the availability of water.  Hence, there have been studies to 
develop cotton that uses water more efficiently.  In October 2006, the OGTR granted a 
licence to Monsanto to conduct small-scale field trials over the next two years to test water-
efficient GM cotton.  Various lines are intended and each will contain one of twenty-four 
different genes derived from Arabidopsis Thaliana  (thale cress), Zea mays (corn), Glycine 
max (soybean), Oryza sativa (rice) and cotton. 
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Many cotton varieties are susceptible to fungal disease.  Between late 2006 and mid 2009, 
Hexima Limited has approval to conduct a field trial of GM cotton expressing natural plant 
genes for fungal control.  Three GM cotton lines contain one of two versions of the fungal 
resistance gene NaD1 derived from Nicotiana alata defensin (ornamental tobacco).  The 
NaD1 gene encodes a plant defensin protein (NaD1) that has an inhibitory effect on fungal 
diseases such as Fusarium wilt, Verticillium wilt and black root rot. 

1.9 COMMERCIAL SUPPLY OF TRANSGENIC COTTON VARIETIES 

There are only two seed distributors in Australia, Cotton Seed Distributors Limited (CSD) and 
Monsanto (formerly Deltapine).  Both distributors supply different seed varieties.  CSD is the 
largest supplier of cottonseed with approximately 90 per cent of the Australian market (G. 
Strickland, DAFWA, pers. comm., 2006).  CSD manages all of the CSIRO transgenic varieties 
whereas Monsanto supplies the US transgenics to Australia.  Both companies supply 
transgenic seed that are combinations of Monsanto and Bayer genes.  A licence fee is paid to 
the biotech companies for the use of their relevant genes. 

Whole cottonseed has restricted entry into Western Australia under the Plant Diseases 
Regulation 1989 due to quarantine practices.  A condition of cottonseed entering the state is 
that it must be certified as acid de-linted to prevent the introduction of seed-borne Verticillium 
wilts (Western Australian Quarantine and Inspection Service 2006).  However, cottonseed 
meal and processed or treated cottonseed for planting are permitted (G. Strickland, pers. 
comm., 2006).  Cottonseed meal is a high protein animal feed source that is self-limiting. 
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2 PERFORMANCE OF GM COTTON IN THE ORIA 

2.1 OPPORTUNITIES FOR GM COTTON IN THE ORIA 

The Kimberley regions of the La Grange Sub-basin and the Ord River Irrigation Area (ORIA) 
have considerable potential as cotton growing areas.  The ORIA is located near Kununurra in 
the north of Western Australia (Figure 4).  The total size of the scheme is around 43,000 
hectares of land suitable for irrigation.   Stage I of the ORIA was commenced in the 1960s 
and consists of 12,500 hectares of irrigated land.  There are two undeveloped areas, one of 
16,000 hectares in Western Australia (Ord Stage II M2) and 14,500 hectares in the Northern 
Territory. 

The Northern Territory Government has not actively pursued plans to develop the 14,500 
hectares.   

Figure 4. Ord River Irrigation Area 

 
Area of Ord Stage I 12,500 hectares.  
Area Ord Stage II M2 16,000 hectares, currently subject to expression of interest process. 
Area of future development in NT is approximately 14,500 hectares. 

At present, the main crop farmed in the ORIA is sugar cane, which has been grown 
commercially since 1994.  Sugar cane occupies around 4,000 hectares in Stage I and 
produces annually 50,000 tonnes of raw sugar as well as 18,000 tonnes of molasses.  The 
current size of the mill is sub-economic and an additional 5,500 hectares of sugar cane is 
required to achieve industry standards.   

GM cotton field trials have been undertaken in the Kimberley region for the last ten years and 
resulting yields are considered commercially viable.  These yields have been achieved with 
reduced insecticide applications (Richards et al. 2006).  
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Advantages of growing GM cotton in the ORIA are the security of water and high yields 
resulting in competitive production cost.  Predictable water supply allows growers to forward 
sell their crop and maximise their returns. 

If the expansion of the sugar industry is accommodated in Ord Stage II M2 then after allowing 
for crop rotation the total GM cotton area harvested would be around 9,400 hectares. 

The following analysis assumes that sugar cane and cotton coexist in Ord Stage I and Ord 
Stage II M2 area.  The principles applied in the analysis could be extended to future 
development in the Northern Territory. 

2.2 WATER REQUIREMENT 

Water to irrigate ORIA is sourced from Lake Kununurra (capacity 101 gigalitres), which in turn 
is fed from Lake Argyle on the Ord River (spillway capacity 5,800 gigalitres).  The Western 
Australian Department of Water has allocated 350 gigalitres /annum to Ord Stage I and 400 
gigalitres/annum to Ord Stage II M2 (Department of Water WA 2006). 

In 2005-06, 84 per cent of Australian cotton was grown under irrigation (Cotton Australia).  
The total irrigation water used by the Australian cotton industry in 2004-05 was 1,822 GL 
(6.75 ML/ha) (Australian Bureau of Statistics 2006 cat no 4510.0). 

Unlike cotton, sugar cane has a high water requirement and must be irrigated throughout the 
year.  One advantage of growing GM cotton instead of, for example, conventional sugar cane 
is water usage (G. Strickland, pers. comm., 2006).  In the ORIA, sugar cane requires 
22 ML/ha including irrigation water lost due to in-field deep seepage and runoff at the furrow 
end (tail water).  On the other hand, cotton uses much less irrigation water at 7.5 ML/ha.  This 
amount is estimated to increase to 10 ML/ha under commercial conditions and includes an 
allowance for a wet season cover crop.   

The current proposed design for Ord Stage II incorporates the re-use of tail water.  If half the 
volume of tail water is mixed with the incoming supply of irrigation water, the total scheme 
water requirement would be reduced by 10 per cent.  Under these circumstances, cotton 
would use 9 ML/ha of scheme water.  In contrast, sugar cane would require 19.8 ML/ha of 
irrigation water  (Table 7).   

Table 7. Irrigation requirement of cotton and sugar cane 
Item GM cotton Sugar cane 

Irrigation applied (ML/ha)1 10.0 22.0 

Tail water (ML/ha) 2 2.0 4.4 

Recycling of tail water (ML/ha) 3 1.0 2.2 

Scheme water requirements (ML/ha) 9.0 19.8 
1 including wet season cover crop 
2 assume 20 per cent 
3 assume 50 per cent of the tail water is recycled & mixed with scheme water 

GM cotton trials conducted over two seasons found that 23 per cent of the irrigation water 
applied appeared in the tail drains (Moulden et al. 2006).  The yield of cotton lint was 
approximately 1.23 bales/ML (or 278 kg of cotton lint/ML).  In comparison, in the Namoi 
region the yield is around 0.93 bales/ML (or 211 kg of cotton lint/ML) (Newham 2005).  

Recently, preliminary research work has commenced to investigate the feasibility of using 
trickle irrigation to water GM cotton in the ORIA.  This system has the potential to significantly 
reduce the quantity of irrigation water required by cotton. 
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2.3 CHEMICAL REQUIREMENT OF GM COTTON IN THE ORIA 

Cotton was grown commercially in Kununurra from the mid 1960s to 1974. Production ceased 
in 1974 after key pests became uncontrollable due to the development of insecticide 
resistance. The repeated application of broad-spectrum, residual insecticides for the control of 
the major pests pink bollworm and cluster caterpillar resulted in Helicoverpa armigera (cotton 
bollworm) developing high level resistance to organochlorine and organophosphate 
insecticides.  Following the development of resistance in 1970, production costs rose rapidly 
due to increased applications of insecticides, especially DDT, in an attempt to control the 
pests (Michael and Woods 1980; Strickland 1991).  At the same time, yields decreased due to 
pest infestation (Table 9).  

Table 8. The presence of key insect and mite pests in Australian cotton 
Key pest Common name Scientific name Pest presence 

Bollworm Cotton bollworm Helicoverpa armigera significant (Note 1) 

Budworm Native budworm Helicoverpa punctigera significant (Note 1) 

Cotton aphid Aphis gossypii significant 

Green peach aphid Myzus persicae occasional 

Cowpea aphid Aphis craccivora occasional 

Aphids 

Bean root aphid Smynthurodes betae rarely 

Mirids Green mired Creontiades dilutus significant 

Two-spotted spider mite Tetranychus urticae rarely 

Bean spider mite Tetranychu  ludeni rarely 

Spider mites 

Strawberry spider mite Tetranychu lambi most common mite 

Greenhouse whitefly Trialeurodes vaporiorum rarely 

Eastern Australian native whitefly Bemisia tabaci rarely 

Whitefly 

Silverleaf whitefly Bemisia tabaci b-biotype significant 

Tobacco thrips Thrips tabaci most common thrips 

Tomato thrips Frankliniella schultzei rarely 

Western flower thrips Frankliniella occidentalis rarely 

Thrips 

Plague thrips Thrips imaginis rarely 

Green vegetable bug Nezara viridula emergent 

Cotton stainer Dysdercus sidae emergent 

Cotton harlequin bug Tectocoris diophthalmus emergent 

Plant bugs 

Jassids+ Austroasca spp emergent 
Source: adapted from Farrell and Johnson (2006) and Cotton Catchment Communities CRC (2006). 
Note 1 controlled by Bollgard II® while other pest controlled by pesticide.  If classification is rare then it is unlikely pesticides will be 
required 
+ personal correspondence from Geoff Strickland, DAFWA 

Table 8 shows that five significant and four emergent insect pests have been found in 
Australian cotton. There are twenty-one pests of cotton in all, but only bollworm and budworm 
(caterpillars of lepidopteran moths) are controlled by the gene-mediated Bt toxins produced 
within GM cotton.  

If bollworm and budworm were eliminated from their niches, the ecological system would 
realign itself so other insect pests would increase their numbers to fill these empty niches. 
This follows the principle of ‘interspecific competition’ where competition for resources may 
affect the success of different species present in the environment (Purves et al. 1998). 

It is impossible to predict in advance which insects would dominate the agronomic system but 
they would need to be managed or they would destroy the crop (Purves et al. 1998).  What is 
clear is that substantial amounts of synthetic chemical insecticides would be sprayed on the 
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cotton to prevent its destruction.  Bt cotton also releases Bt toxins into the subsoil 
(Conservation Council of WA pers comm., 2007).  

We can therefore conclude that Bt cotton production systems are not chemical free. Better 
data is needed to predict what number and quantity of synthetic chemicals would be used on 
Bt cotton, and their environmental impact (Conservation Council of WA pers comm., 2007). 

Table 9. Type and amount of chemicals# applied to commercial cotton crops grown in ORIA 
Stage 1 during 1964 to 1974 to control major pests, and cotton fibre yields achieved (Michael 
and Woods 1980) 

Amount of chemical (g/ha) 

Year No. of 
Sprays 
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Major pest 
Fibre 
yield 

(kg/ha) 

1964 12 6,000 0 3,000 0 0 4,000 
Helicoverpa punctigera 
(native budworm) 

417 

1965 12 6,000 0 3,000 1,000 0 2,000 
Spodoptera litura  
(cluster caterpillar) 

712 

1966 15 7,000 1,000   1,000 5,000 0 0 Helicoverpa punctigera 889 

1967 17 7,000 1,000   3,000 4,000 0 0 
Earias huegeli  
(rough bollworm) 

851 

1968 21 7,000 2,000   1,000 6,000 <500 0 S. litura 823 

1969 16 7,000 3,000 <500 3,000 <500 0 Helicoverpa punctigera 955 

1970 20 10,000 5,000 <500 3,000 <500 0 Helicoverpa spp. 1,026 

1971 21 12,000 10,000 <500 5,000 <500 0 
Helicoverpa armigera 
(cotton bollworm) 

1,082 

1972 25 15,000 12,000 <500 8,000 <500 0 Helicoverpa armigera 917 

1973 33 25,000 28,000   500 11,000 1000 0 Helicoverpa armigera 888 

1974 40 16,000 52,000 0 9,000   500 0 Helicoverpa armigera 660 
# Excluding fertiliser 
Note: The average Australian yield between 1965-66 to 1973-74 was 763 kg/ha.  In ORIA the average unweighted yield between 
1965 to 1973 was 905 kg/ha, around  19% above the Australian average. 

The quantity of chemicals applied to recent cotton trials in the ORIA is significantly lower than 
that applied in the 1960s and 1970s.  The pesticides used are mostly target specific and are 
non-persistent.  The exception is bifenthrin (Talstar), which has been applied to experimental 
crops in particularly severe aphid years. The reduction in quantity of chemical application has 
resulted from the introduction of GM technology. 

NORpak, a management package detailing sustainable agricultural practices to produce 
cotton in the ORIA, has been drafted and is awaiting final approval around June 2007.  The 
package identifies the insecticides that are likely to be used to control insects in GM cotton 
(Table 10). 
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Table 10. Type and estimated number of applications of insecticides in ORIA to control 
insects 

Chemical Formulation Target insect 
Total grams active 

per hectare  
(when used) 

Typical number of sprays 
applied to experimental 

crops# 

fipronil Regent Mirids 26 2 

80 bifenthrin  
indoxacarb 

Talstar  
Steward Spodoptera 

170 

1 
1 

pirimicarb Pirimor Aphids 375 1 

diafenthiuron Pegasus Mites 400 1 

Ref – NORpak (in press) 
Note: # estimate from Moulden et al 2006 

2.4 POTENTIAL EXPORT MARKETS FOR ORIA COTTON 

The ORIA is situated 90 km from Wyndham, and 950 km from Darwin.  Cotton lint can be 
transported by road to Wyndham or Darwin where it can be warehoused until exported to 
overseas markets.  Australia’s largest actual and potential export market is our closest Asian 
neighbour, Indonesia.  The proximity of Indonesia is a major advantage because 
transportation costs are lower in comparison to more distant export markets.  During 2005-06 
Indonesia imported 141,000 tonnes of Australian cotton.  Australia sources cotton textiles 
from Indonesia. 

A range of by-products, such as cottonseed oil and meal will also be available.  Cottonseed 
oil produced from crops grown in the ORIA could be exported to Indonesia or used to produce 
bio-diesel for local use.  Cotton meal is a high source of protein and is used for animal feed; 
however, it could also be disposed of by other means. 

2.5 FINANCIAL ASPECTS OF GM COTTON IN THE ORIA 

To determine the financial aspects of a GM cotton industry based in the ORIA an indicative 
21 year cash flow was developed.  The analysis is a broad indicator and not a definitive 
statement of expected financial returns, at best the evaluation should be considered as one 
factor in deciding whether a more detailed study should be undertaken prior to a pre-feasibility 
report.  The analysis covers a GM cotton industry and an expanded sugar industry.  Capital 
expenditure of new or up grading existing processing plants, the cost of developing Ord 
Stage II M2, and cash operation costs were included but interest and taxes were excluded. 

Industry sources indicate the minimum throughput required for a profitable gin is around 
60,000 bales (Cotton Catchment Communities Cooperative Research Centre pers. comm., 
2006).  The financial analysis assumes 73,100 bales are initially produced increasing to 
111,300 bales at the end of the period. Estimated ginning fees are $60/bale.   

Cotton gins can be built in stages and the cost of building a cotton gin is dependent on the 
number of stands.  A four-stand cotton gin including module yard, trash house and seed shed 
is estimated to be between $12 million and $18 million.  Savings can be achieved by initially 
constructing a smaller gin that allows for expansion as the industry grows. 

Estimated common use infrastructure costs for Ord Stage II M2 are $18,150/hectares and on- 
farm development costs are $3,460/hectares. 

Future returns for cotton are assumed to equal the average of the past 20 years New York 
Board of Trade cotton price plus a US 1 cent/lb for freight margin and 7.5 per cent forward 
selling margin. 
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The indicative financial analysis of a GM cotton industry in the ORIA appears to be profitable 
(Table 11).  The analysis in Table 11 assumes previous capital cost to develop Ord Stage I 
are “sunk”.   

Table 11. Profitability of a GM cotton and an expanded sugar cane industries in the Ord River 
Irrigation Area 

Item GM Cotton industry Sugar cane industry 

  Expanded 

Scope of project   

Analysis time frame 21 years 21 years 

Harvested area 
 

Ord Stage I 3,829 hectares 
Ord Stage II M2 6,175 hectares 

Ord Stage I Note 1 3,122 hectares 
Ord Stage II M2 Note 1 5,906 hectares 

Yield 

First year of production 1,660 
kg/ha; reaching 1,950 kg/ha in 
year 4 then increasing by 
2%/annum 

Initially sugar cane yield from five 
rations 121.9 t/ha then increasing by 
1.0%/annum 

Production Initially lint 73,100 bales increasing 
to 111,300 bales 

Raw sugar 145,600 tonnes 
increasing to 165,700 tonnes 

 
Cottonseed 23,700 tonnes 
increasing to 36,100 t (could be 
used to produce biodiesel) 

Molasses 15,900 tonnes increasing 
to 18,100 tonnes. 

Headwork & associated 
infrastructure costs+ $134 million $142 million 

Private land development 
costs $26 million $27 million 

Estimated manufacturing 
infrastructure costs Four-stand gin $19 million Increase the capacity of the current 

mill $50 million 

Long term market return 

NYBOT Note 2 US 63.59 cents/lb 
plus US 1 cent/lb freight & 7.5% 
forward selling margin (FOB 
Wyndham A$ 526/bale) 

NYBOT Note 3 US 9.38/lb cents plus 
US 1 cent/lb freight 
(FOB Wyndham A$ 373/t) 

Internal rate of return Note 3

excluding headworks & 
associated infrastructure 

22.0 13.6 

Note 1 Excludes cane planted but not harvested (i.e. 520 hectares in Ord Stage I & 984 hectares in Ord Stage II) 
Note 2 New York Board of Trade 
Note 3 Cash flow excludes  taxes and interest. 

The financial analysis indicates a GM cotton industry located in the ORIA would be financially 
robust (Table 12).  The long-term estimated return for Ord GM cotton is US 63.59 cents/lb 
(US 69.4 cents/lb including freight and trading margins).  After the initial set up the industry 
would still have a positive cash flow if the New York Board of Trade cotton price fell by 15 per 
cent to US 54.05 cents/lb (Table 12).  Over the past 20 years, the New York Board of Trade 
cotton price has been below US 54.05 cents/lb on five occasions.  The estimated long-term 
return for raw sugar is US 9.38 cents/lb; a 15 per cent fall in this price to US 7.97 cents/lb 
would result in negative cash flows (Table 12).  The world raw sugar price has been below 
US 7.97 cents/lb on seven occasions over the past 20 years. 
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Table 12. The influence of various contributions to headworks and associated infrastructure 
costs and variation in market prices on the Internal Rate of Return - cotton and sugar cane 

  Contribution to headwork and associated infrastructure costs 
  Cotton Sugar cane 

  0% 50% 100% 0% 50% 100% 

-15% 11.1 4.4 2.2 - - - 

0 22.0 10.0 6.1 13.6 4.7 2.2 

Variation 
in market 

price 

+15% 32.0 14.9 9.6 30.5 11.7 6.8 

The commencement of a GM cotton industry in the ORIA will depend amongst other things on 
retaining the advantages of Bt cotton.  The management practices detailed in NorPak and in 
the User Agreement (see section 3.1) will greatly assist to ensure the advantages of GM 
cotton are maintained. 

2.6 REGIONAL BENEFITS OF A GM COTTON INDUSTRY IN THE ORIA 

In the Kununurra geographic location indigenous people represent 47 per cent of the 
population (Australian Bureau of Statistics 2002).  The main benefit to the community from a 
new agricultural staple industry based in the Kimberley would be employment opportunities.  
In 2004 the unemployment rate in Wyndham, East Kimberley was 6.7 per cent (Australian 
Bureau of Statistics Cat no. 1379.0.55.001) but the indigenous unemployment rate is higher. 

Taking into account the indigenous population receiving payments as part of the Community 
Development Employment Projects (CDEP) scheme, the ‘real’ indigenous unemployment rate 
is 68.8 per cent (Division of General Practice 2005).  CDEP accounts for 60.7 per cent of the 
employment amongst indigenous people.  As an example, a GM cotton industry harvesting 
9,400 hectares would directly require around 120 full time equivalent (FTE) positions.  When 
the indirect positions generated by the industry are included, the number of persons 
employed full-time would be over 220 (Table 13). 

Expanding the current sugar industry would result in an estimated additional 185 jobs 
(Table 13). 

Table 13. Estimated number of new full-time positions created by a GM cotton industry and 
an expanded sugar cane industry in Ord Stage II 

 GM cotton industry Expanded sugar 
industry 

Estimated additional number of new FTE 1 positions 2 220 185 

Total salary inflow of the region 3 $9.4M $7.9M 

FTE positions per GL scheme irrigation water 2.6 1.28 
1 FTE Full time equivalent  
2 Multiplier 1.79 (Islam 2002) 
3 ABS cat. no. 1379.0.55.001 wage inflator 2.5% per annum 

The flow on effects of an expanded agricultural industry would provide the community with a 
range of additional benefits such as better infrastructure, education and health; improved 
communication services, road systems and air services; as well as increased business 
opportunities. 
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Possible impact on the regional community of a GM cotton industry: 

• Improve business confidence in the region resulting in investment (for every 
1,000 hectare of cotton harvested gross revenue from GM cotton would increase in the 
order of $6.3 million). 

• Increase direct on-farm job opportunities (for every 1,000 hectares 9 jobs would be 
created). 

• For every one direct job created by the GM cotton industry, around 0.79 indirect positions 
would result. 

• Increase the diversity of economic activity resulting in increased stability for the region. 

• Increase opportunities for other industries such as tourism, leading to the creation of new 
job opportunities. 

• Decrease welfare dependence amongst indigenous peoples. 

• Decrease social costs following an increase in employment opportunities. 

• Increase crop options for growers and help to stabilise grower return. 
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3 SUPPLY CHAIN OF GM AND CONVENTIONAL COTTON 

3.1 ON FARM MANAGEMENT 

Prior to receiving a licence to commercially sell GM cottonseed, an applicant must complete a 
Compliance Management Plan.  This plan addresses the risks identified by the OGTR during 
the evaluation phase of an application.  Amongst other issues, the Compliant Management 
Plan details the conditions to be imposed on growers under the User Agreement.   

In October 2006, Monsanto was granted a licence for the release of GM cotton north of 
latitude 22 degree South.   

Monsanto has not as yet provided the OGTR with a Compliant Management Plan for GM 
cotton grown north of latitude 22 degree South.  It is likely that a Compliant Management Plan 
will be prepared once plans to commence a commercial GM cotton industry in the north of 
Australia are progressed. 

The User Agreement (or Technology User Agreement) applying to growers below latitude 
22 degree South is likely to be adapted for the production of GM cotton in the north of 
Australia.  The Monsanto Technology User Agreement has two parts; the Crop Management 
Plan (CMP) and the Resistance Management Plan. 

The CMP has two components;, Stewardship and Integrated Weed Management Strategy 
(IWMS).   

The Stewardship covers training, communication, compliance, adverse event reporting and 
non-compliance.  Persons responsible for making weed management decisions in Roundup 
Ready® cotton must have undertaken an accredited training course.  The grower must 
comply with the requirements of OGTR and report on date, location, area planted and the 
results of in-crop weed surveys.  The results of the weed survey are collated by Monsanto 
and discussed with the relevant weed scientists.  Growers must agree to random audits to 
ensure compliance and report any adverse events such as the presence of suspicious weeds. 

The purpose of the IWMS is to prevent the evolution of glyphosate resistant weeds.  Under 
the strategy an alternative method of weed control must be used to stop the seed set of 
weeds that have been exposed to Roundup herbicide.  Alternative methods include 
cultivation, hand weeding and the use of alternative herbicides. 

The Resistance Management Plan is based on two principles.  Firstly, minimising the 
exposure of Helicoverpa spp to the Bt proteins and providing a population of susceptible 
individuals that can mate with a resistant individual and hence dilute any potential resistance.   

Under the Resistance Management Plan, growers must destroy all GM cotton plants 
immediately after harvest and remove volunteer and ratoon plants from headlands.  This 
reduces the exposure of Helicoverpa spp to the Bt proteins.  To reduce the likelihood of 
resistance build-up within the Helicoverpa population a refuge area must be planted.  These 
areas must be capable of producing large numbers of Helicoverpa spp moths which have not 
been exposed to selection by Bt genes.  Helicoverpa spp moths produced in the refuge area 
will dominate the mating with any survivors from the GM cotton crop and thus help to maintain 
Bt resistance at a low level. 
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3.2 TRANSPORT, STORAGE AND DELIVERY REQUIREMENTS 

Harvested cotton is transported to a cotton gin for the separation of the cotton fibres from the 
seed cotton.  The cotton lint is compressed into bales for storage and shipping.   

Conditions applying to the transportation of cotton along public roads to the gin are covered 
under state legislation.  The legislation covers the containment of goods being carried and 
forbids the spilling of cargo in transit. 

The market does not differentiate between GM and conventional cotton so separate 
transporting is not required.  In locations where organic cotton can be produced, the crop is 
transported separately to the gin and market.  Due to the high pest pressure, it is very unlikely 
that organic cotton could be produced in the Kununurra region. 

3.3 QUALITY TESTING 

Large commercial companies and CSIRO have their own classing laboratories.  Every bale is 
quality tested for fibre strength, length, colour, uniformity and micronaire (thinness).  The price 
per bale is the base price that is discounted if the cotton is of lesser quality.  Research is 
ongoing worldwide into the improvement of cotton quality. 

During preparation of the discussion paper, no reports were discovered indicating the quality 
of GM cotton is inferior to conventional cotton.   

3.4 DATA MANAGEMENT TO TRACK PRODUCT INTEGRITY 

Since only GM cotton is proposed to be grown in the ORIA, data management systems to 
track the shipment of conventional and GM produce are not required. 

3.5 COSTS AND WHO PAYS FOR MANAGING IDENTITY PRESERVATION 

Because a dual supply chain is not required for cotton, there is no additional cost for GM 
cotton in comparison to conventional cotton. 

3.6 SHIPPING TO MARKETS 

Other than organic cotton, there is no requirement for a dual supply chain for cotton.  GM 
cotton fibre or GM cotton-containing textiles are not differentiated by price from conventional 
cotton and textiles.  
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4 ENVIRONMENT AND HEALTH 

4.1 OUTCROSSING AND AFFECT ON INSECTS 

There are seventeen native Gossypium species in Australia belonging to the subgenus Sturtia 
that are distant relatives of cultivated cotton species G. hirsutum and G. barbadense.  The 
likelihood of gene transfer by outcrossing between GM cotton and an Australian native is 
extremely low because of genetic incompatibility.  Cultivated cotton is tetraploid whereas the 
native species are diploids and, therefore, it is unlikely that fertile hybrids could occur.  Only 
two native Gossypium species occur in north-western Australia, G. rotundifolium and G. 
australe.   

Outcrossing can occur at varied rates depending on the presence of insect pollinators and 
weather conditions (Glover 2002).  The most likely means by which cotton genes could be 
dispersed in the environment is cross-pollination of a G. hirsutum plant to another mediated 
via an insect pollen vector (OGTR 2002).  Cotton pollen is normally distributed very close to 
the plant and fertile hybrids resulting from crossing between native species and cotton is most 
unlikely (Glover 2002).  Studies of cotton pollen dispersal have consistently demonstrated that 
outcrossing is localised near the pollen source and the rate of outcrossing significantly 
decreases with distance (OGTR 2002). 

The commercial release of Bollgard II® and Bollgard II®/Roundup Ready® in 2002 was not 
approved in northern Australia because the OGTR was concerned that the crop could 
become a weed in the tropical environment.  Since that time, the CSIRO has completed a five 
year study on the risk of GM cotton becoming a weed in northern Australia and concluded 
that cotton is not an environmental weed and GM cotton does not have a higher weediness 
risk than conventional cotton (Eastick 2002). 

The US Environmental Protection Agency reassessed Bt cotton containing the Cry1Ac gene 
to determine if there was any significant risk to the environment or human health before 
registration was renewed (reviewed by Mendelsohn et al. 2003).  The health reassessment 
found that the Bt cotton did not display any characteristics of toxins or food allergens 
(reviewed in Mendelsohn et al. 2003).  The environmental reassessment found there was a 
possibility of gene transfer from Bt cotton to wild cotton in Hawaii, Florida and other regions 
and banned Bt cotton from these areas (reviewed in Mendelsohn et al. 2003).  The effect of 
Bt cotton on beneficial insects feeding on pollen and birds feeding on cottonseed was 
investigated and found to have no adverse affect.  Also, there was no significant effect of Bt 
cotton on beneficial predator insects, however, chemical spray drift did affect the number of 
beneficial insects (reviewed in Mendelsohn et al. 2003). 

Other work found there is potential for Bt toxins to move through the arthropod food chains 
with serious implications for natural biocontrol in agroecosystems (Altieri 2000). Certain 
aphids are capable of sequestering toxins from Bt and transferring it to coccinellid (beetles) 
predators (Birch 1997, cited in Altieri 2000). 

Larvae of lacewings (a beneficial predatory insect) fed on Bt showed mean mortality of 62 
percent compared to 37 percent for those raised on non Bt (Hilbeck et al. 1998, cited in Altieri 
2000). 

The effectiveness of Bt toxin will vary or decrease over time just like any other pesticide and 
can also affect non-target pests.  Reported increases in non-target pests are detailed in 
Table 14. 
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Table 14 Reported increases in pests not controlled by the Bt gene on GM cotton 
Pest Comments Reference 

Mirids 
Mirid populations on Bt cotton exceeded pesticide action threshold and 
received pesticide applications compared to mirid populations on non-
transgenic cotton that did not require insecticide applications. 

Ma et al. 2004, Men 
et al. 2005 

Leafhoppers/ 
Grasshoppers 

Populations of leafhoppers on Bt-cotton were larger than on non-
transgenic cotton and needed insecticide applications in all 3 years. 
Monsanto had previously observed that grasshoppers are the most 
common and most destructive insect and trials in NT support these 
observations. Grasshoppers are unaffected by the Cry toxins produced by 
Bollgard II cotton. The increase in population and subsequent insecticide 
use suggest that the Bt-cotton is more suitable for the development of 
leafhoppers. 

Men et al. 2005 

Spider mites Non-target pests of Bt Cotton.  Bt has no effect on spider mites 
populations which have the potential for severe damage on Bt cotton fields Ma et al. 2006 

Whitefly 
Bt does not affect whitefly and populations of whitefly populations on Bt 
cotton tend to be higher because of reduced leaf feeding damage by 
lepidopterans (moths). 

Cui and Xia 1998, 
cited in Altieri 2000 

4.2 INSECTICIDES AND HERBICIDE USAGE WITH GM COTTON 

Long-term dependence on insecticides to manage pests is untenable in terms of resistance 
build-up.  Between 2000 and 2005 there was a significant decrease in the volumes of 
insecticides and residual herbicides applied to cotton crops in Australia (reviewed in Pyke 
2005).  The reduction in insecticide use is thought to be due to increased adoption of IPM 
compatible insecticides that result in reducing both the volume of active ingredient applied 
and pest resistance as well as improved Bt cotton performance (Pyke 2005).  Less herbicide 
applications are a result of increased use of Roundup Ready® cotton and the active ingredient 
glyphosate instead of residual herbicides (Pyke 2005).  When considering the environmental 
impact of GM crops it is important to compare them to conventional varieties.  The 
environmental benefits of reduced insecticide use for GM cotton were studied recently by the 
CSIRO.  The evaluation found that insecticide use for GM cotton impacted on the 
environment 64 per cent less than the volume of insecticide used for conventional cotton 
(Knox et al. 2006).  However, a preferred method of determining the environmental impact is 
to measure the amount of active ingredient (a.i.) per hectare (Pyke 2005).  Comparison of 
conventional and Ingard® cotton, found that the average insecticide use over eight seasons 
was reduced from 6.13 kg of a.i. per hectare to 3.44 kg of a.i. per hectare, representing a 44 
per cent reduction.  Insecticide use in Bollgard® cotton over two seasons averaged 0.48 kg of 
a.i. per ha in comparison to the conventional non-GM cotton average of 3.3 kg of a.i. per ha, 
which represented an 85 per cent reduction (Pyke 2005).  Since the introduction of Roundup 
Ready® cotton, average herbicide use has reduced from 4.86 kg of a.i. per hectare to 2.47 kg 
a.i. per hectare, a 49 per cent reduction (Pyke 2005). 

Globally GM cotton has reduced the quantity of herbicide and pesticide crop use (Table 15).  
From 1996 to 2005 the quantity of herbicides and pesticides applied to GM cotton fell by 
123,100 tonnes of active ingredient compared to conventional cotton (Brookes and Barfoot 
2006). 

  PAGE  27 

 



GM Cotton in the Ord River Irrigation Area 

Table 15. Impact of change in the use of herbicides and pesticides from growing GM crops 
globally 1966 to 2005 (Brookes and Barfoot 2006) 

Cotton trait 
Change in volume of 

active ingredient used  
(million kg) 

% change in active 
ingredient use in GM 

growing countries 

GM herbicide tolerant -28.6 -15.1 

GM insect resistant -94.5 -19.4 

The reduced amounts of herbicides and pesticides used on GM cotton ensures that there are 
fewer chemicals to pollute rivers, less chemical residues in the soil and less affect on 
beneficial insects.  A study of the potential risk of Bt cotton and its dead leaf matter on 
microbial communities in soil found no evidence to suggest the soil ecosystem was adversely 
affected after a complete growth cycle.  Few significant differences in enzymatic activity in the 
soil were found and there were no differences in the level of soil microbes detected (Ren 
Fang et al. 2006). 

In contrast, Gupta and Watson (2006) in a CSIRO study found that the roots of Bt cotton 
released Bt toxins into the soil, compared to no detectable Bt toxin released from 
conventional cotton. Microscopic examination also revealed an increase in fungi and fungal 
spores on Bt cotton residues compared to conventional cotton. This raised the concern that if 
more Bt toxin enters the soil environment than is degraded by the soils natural biological 
processes, soil accumulation may constitute a hazard to non-target organisms and impact the 
functionality of soil organisms. In a potentially related issue, they found a significant increase 
in cotton root fungal disease in Australian cotton in the time since Bt cotton was introduced. 
This may, however, result from other factors such as changes in the soil biological activity or 
other agronomic practices. The authors concluded that there is a clear need for more detailed 
investigations on the impacts of both leaf- and root-derived Bt toxins on soil biodiversity, and 
associated biological functions. 

Although biotechnology reduces the number of pesticide/herbicide applications, a capital 
saving for the farmer, the cost of such technology has impacted on the cost of cottonseed and 
increased the price paid by farmers.  A survey of environmental efficiency and cost 
effectiveness resulting from pesticide use on GM and conventional cotton growing in the USA 
found significant differences in the environmental efficiency of pesticides used on GM cotton, 
particularly the stacked gene cotton (herbicide tolerant and insect resistant).  There were no 
significant differences in cost effectiveness of pesticide use between GM and conventional 
cotton.  The study concluded that the biotechnology expense incurred to produce GM cotton 
seed has impacted on the cost, raising the price for environmentally efficient cottonseed 
(Wossink and Denaux 2006).  

4.3 CHEMICALS IN TAIL WATER WITH GM COTTON 

Moulden et al. (2006) analysed tail water from GM cotton crops grown in the ORIA over a 
two-year period to determine the level of pesticides.  The concentrations in tail water of most 
chemicals measured were low, in most cases approaching the detectable limits even at the 
first sampling after application (Table 16).  Moulden et al.  (2006) stated that “pendimethalin 
occurred at the highest concentrations, due to the relatively high rates applied to bare soil 
immediately prior to irrigation.  However, the highest values of pendimethalin were several 
orders of magnitude below the Australian Drinking Water Guidelines Health Value (1996).  
While pendimethalin is only moderately toxic to fish (LC50 = 0.14mg/L), it has a relatively long 
half-life in soil and can be considered to be a potentially significant environmental pollutant.  
The availability of Roundup Ready Flex® cotton would eliminate this long-lived chemical from 
a cotton cropping system (Yeates et al. 2006)”. 
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The accumulation of Bt proteins in the soil or tail water has been investigated.  Laboratory 
studies have shown that Cry proteins from B. thuringiensis are easily absorbed into soil 
(reviewed in Head et al. 2002).   

Table 16. Residues of pesticides in tail water from the ORIA trials (Moulden et al. 2006) 
Highest concentration 

recorded (μg/L) #
Detectable days after 

application Pesticide LOD* 
(μg/L) #

2003 2004 2003 2004 

ADW Health 
Limit 

(μg/L)#

pendimethalin 2.00 6.00 3.50 2 82 300 

quintozene 0.04 0.07 0.21 127 64 30 

fipronil 0.04 0.08 0.17 20 34 no limit exists 

bifenthrin 0.04 not detected not detected - - no limit exists 

pirimicarb 0.04 1.00 0.89 43 63 5 

indoxacarb 0.10 not applied 0.55 - 33 no limit exists 

* LOD Limit of Detection 
# μg is a microgram which equals one millionth of a gram. 

4.4 COMMUNITY HEALTH CONCERNS 

The Gene Technology Regulator, Food Standards Australia and New Zealand and the 
Australian Pesticides and Veterinary Medicines Authority are responsible for the regulation of 
GM crops and foods in Australia, in consultation with Commonwealth and State departments 
of health and agriculture and the wider community. 

The regulatory framework involves assessment of scientific literature and other information 
provided by a proponent seeking approval for a specific crop or food, but these regulatory 
bodies do not conduct their own experimental trials in undertaking their assessments.      

Despite this regulatory framework, numerous journal articles attesting to the safety of GM 
foods, and the fact that GM crops and foods have been grown and consumed - most notably, 
but not only in the Americas - for over 10 years, many consumers in Western Australia and 
the wider Australian community remain unconvinced as to the health and safety of GM foods.  
Indeed similar consumer concerns are evident in Europe and important Western Australian 
markets in Asia such as Japan and Korea. 

While scientists, agronomists and others in favour of pursuing the potential benefits of GM 
crops point to numerous published articles attesting to their health and safety, other scientists 
and consumers cite the lack of independent peer reviewed long term feeding studies 
designed to measure outcomes relevant to human health as cause for concern. 

To enable the Western Australian Government and community to gain a better understanding 
of the health and safety impacts of GM foods, the Government has commissioned an 
independent long term feeding experiment to assess the impacts of previously approved GM 
food crops on laboratory animals with the aim of measuring outcomes relevant to human 
health.  The results of this research will be published in scientific journals for peer review.    
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5 STATE, NATIONAL AND INTERNATIONAL DEVELOPMENT AND IMPACT 

5.1 IMPACT ON WESTERN AUSTRALIA 

The analysis in this discussion paper indicates that a GM cotton industry in the ORIA would 
have economic and social impacts on the Wyndham/East Kimberley Region.  However, other 
agricultural industries in Western Australia could be affected in some way. 

At present sugar cane is the main broad acre crop in the ORIA.  The current size of the 
industry is sub-economic and the operation must increase in size.  A GM cotton industry could 
play a significant role in underpinning the future of the sugar cane industry.  From the analysis 
presented in this discussion paper, a GM cotton industry could be more profitable and 
financially robust than sugar cane.  From an agronomic perspective the two crops 
complement each other and could be grown in rotation. 

In an effort to reduce greenhouse gas emissions, the Western Australian Government has 
established the Biofuels Taskforce and commissioned a study to investigate the production of 
ethanol from sugar cane grown in the ORIA.  The role of the Biofuels Taskforce is to identify 
alternative renewable fuel sources that will provide new industry opportunities and regional 
development.  Cottonseed produced in the ORIA is a potential candidate for the basis of a 
biofuel industry.  Cottonseed oil can be used to produce a processed fuel known as biodiesel. 

5.2 IMPACT ON THE NATION OF A GM COTTON INDUSTRY IN THE ORIA 

The Prime Minister, The Hon John Howard, issued the National Plan for Water Security in 
January this year.  The plan proposes options to address the environmental problems of the 
Murray Darling Basin. 

One option that has been canvassed to address the over allocation of irrigation which has 
been exacerbated by the protracted drought in southern Australia is to move industries suited 
to the dry tropic climate to northern Australia.  One such crop which is grown in the Murray 
Darling Basin is GM cotton.  The majority of Australian cotton production is in the Murray 
Darling Basin (Figure 3) and in 2004-05 the industry used 1,822 GL (6.75 ML/ha) (Australian 
Bureau of Statistics 2006 cat no 4510.0). 

5.3 IMPACT ON INTERNATIONAL MARKETS OF A GM COTTON INDUSTRY IN THE ORIA 

It is expected that a GM cotton industry in the ORIA would have little or no impact on a global 
market.  The quantity of cotton produced at the ORIA would be less than 0.3 per cent of world 
exports. 
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7.2 APPENDIX 
ABBREVIATIONS 

ACIC  Australian Cotton Industry Council 

APVMA  Australian Pesticides and Veterinary Medicines Authority 

Bt  Bacillus thuringiensis 

CFA  Cooperation financiere en Afrique centrale 

CRC  Cooperative Research Centre 

CSD  Cotton Seed Distributors Limited 

CMP  Crop Management Plan 

CSIRO  Commonwealth Scientific and Industrial Research Organisation 

DNA  Deoxyribonucleic acid. 

EPSPS  5-enolpyruvylshikimate-3-phosphate synthase 

FAO  Food and Agriculture Organisation 

FSANZ   Food Standards Australia New Zealand 

GL  Gigalitre (one billion litres or 1 million cubic metres) 

GM  Genetically modified 

GMO  Genetically modified organism 

GMOs  Genetically modified organisms 

ICAC  International Cotton Advisory Committee 

IPM  Integrated Pest Management 

IRR  Internal Rate of Return 

ISAAA  International Service for the Acquisition of Agri-biotech Applications 

IWMS  Integrated Weed Management Strategy 

ML  Megalitre (one million litres or one thousand cubic litres) 

NaD  Nicotiana alata defensin gene/Nicotiana alata defensin protein 

OGTR  Office of the Gene Technology Regulator 

ORIA  Ord River Irrigation Area 

PAT  Phosphinothricin acetyltransferase 

VIP  Vegetative insecticidal protein 
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7.3 APPENDIX 
GLOSSARY 

α-amylase inhibitor α-amylases are hydrolytic enzymes found in animals, plants and 
micro-organisms and are involved in the degradation of sugar polymers such as starch and 
glycogen into oligosaccharides (simple sugars).  They are widely used in biotechnology for 
starch degradation.  α-amylase inhibitors play a role in plant resistance through the inhibition 
of  α-amylases in insect and microbial pests. 

AHb1  Gene encoding a protein that provides tolerance to waterlogging. 

Allotetraploid  A hybrid between two closely related diploid species to form a tetraploid.  The 
tetraploid has a chromosome set four times that of a haploid organism.  Allotetraploids are 
created as a result of the chromosome sets of each parent being present in gametes. 

Cry1Ab  Gene of the soil bacteria Bacillus thuringiensis that encodes the δ–endotoxin Cry1Ab 
protein. 

Diploid  An organism or cell with two sets of chromosomes or twice the haploid number. 

Deoxyribonucleic acid (DNA) contains the genetic code that controls the production of 
proteins in living organisms. 

Gene  A sequence of DNA located on a chromosome, which codes for the synthesis of a 
specific protein or has a specific regulatory function. 

Genetically modified organism(s) (GMO) An organism (plant, animal, bacteria, or virus) that 
has had its genetic material altered, either by the duplication, insertion or deletion of one or 
more new genes, or by changing the activities of an existing gene. 

Internal Rate of Return (IRR)  Widely accepted measure for calculating private equity 
performance.  This calculation is based on the cash flows made by investors to and from the 
fund.  The cash flows are based on cash-in/cash-out returns over time, modified to include the 
residual value of the private equity fund's portfolio holdings. 

Lectin  Proteins found in plants and animals that have binding sites for specific mono or 
oligosaccharides in cell walls or membranes.  Lectins change the physiology of the 
membrane to cause agglutination, mitosis or other biochemical changes in the cell. 

Micronaire  A measure of the fibre properties of fineness and maturity. 

NaD1   Gene encoding a plant defensin protein (NaD1). 

Outcross  The ability of animals or plants to breed with individuals of different strains but 
usually of the same species.  A type of genetic cross in which an organism is bred with a 
strain from which it was not recently derived. 

Proteinase inhibitor  A proteinase is any enzyme that catalyses the splitting of proteins into 
smaller peptides and amino acids by a process known as proteolysis.  An inhibitor is a 
chemical compound or protein that has the effect of blocking or slowing an enzymatic 
reaction. 

Recombinant DNA The DNA formed by combining segments of DNA from different genes or 
different types of organisms. 
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Transgenic  An organism whose genome has been altered by the addition of recombinant 
DNA or gene. 

Tritrophic  The trophic level represents the position that an organism occupies in a food 
chain.  On land, plants are the first trophic level, animals are second and humans are third. 
Tritrophic means that there are three levels of trophy such as the interactions between GM 
crops, the pests that feed on GM crops and the natural predators of these pests. 

vip3A  Gene of the soil bacteria Bacillus thuringiensis that encodes the vegetative insecticidal 
protein 3A (VIP3A). 
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7.4 APPENDIX 
TERMS OF REFERENCE 

The Western Australian Government established the Ministerial GMO Industry Reference 
Group to identify logistical, agronomic and marketing issues relevant to the use of 
biotechnology in agricultural crops in Western Australia.  The function of the group was to 
inform the Government on: 

The current status of genetically modified (GM) crop technology and its relevance to Western 
Australia. 

• The effect of the GM Crops Free Areas Act 2003; 

• Issues of adequacy of the legal framework that governs genetically modified 
organisms (GMOs) in the event of the adoption of GM technology; 

• Matters generally that may arise in the event of the adoption of the GM 
technology that fall within State jurisdiction; and, 

• Matters specifically incorporated in recommendation 14 of the 8th Report (July 
2003) of the Legislative Council Standing Committee on Environment and Public 
Affairs in relation to the Gene Technology Bill 2001 and the Gene Technology 
Amendment Bill 2001, viz. 

The Committee recommended that the Government address the following: 

• The marketability of GM crops in comparison with conventional crops; 

• Consumer concerns about the long-term impact of GMOs on health and the 
environment; 

• What levels of tolerance of GM contamination (adventitious presence) in 
Western Australia food crops is acceptable; 

• How to effectively segregate crops in order to preserve the identity of GM and 
conventional crops; 

• The allocation of additional costs caused by identity preservation and supply 
chain management systems; and. 

• Liability and insurance issues raised by dealings with GMOs. 

To achieve the brief, the Group decided to release a series of discussion papers for comment 
by stakeholders.  This discussion paper is the first in the series. 
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7.5 APPENDIX 
GROSS VALUE OF PRODUCTION ORD STAGE I (2005/06) 
Crop (unit) 

Area 
Planted 
(hectare) 

Area 
Harvested 
(hectare) 

Average yield  
(units/hectare) 

Total Yield 
(unit) 

Average 
Price ($) Value ($) 

Cover crops/Hay (tonnes)i 830 52       $130,200  

FIELD CROPS         

Cotton (research) 25 0      $-    

Sugar    Cane (tonnes)i 3,489 3,347 119 398,511     

              Raw (tonnes)ii    47,166  $396,00   $18,677,736 

              Molasses (tonnes)    18,000  $80.00   $1,260,000  

Chickpea (tonnes) 298 298 2.4 715  $1,400   $1,001,280  

Otheriii 470 470       $875,024  

Total Field Crops (includes wet season crops)    $21,944,240 

 
Area 

planted 
(hectares)

Area 
Harvested 
(hectares)

Yield/ 
hectare

Total 
production Price/unit   

HYBRID SEED       

Sorghum Grain & Forage 674 674   2,403  $790.57   $1,900,000  

Otheriv 494 439   613    $1,839,872  

Total Seeds            $3,739,872  

HORTICULTURE       

Rockmelons (trays) 442 377 1,203 453,700 $16.63 $7,547,120 

Honeydews (trays) 168 159 969 154,000 $15.29 $2,355,100 

Watermelons (t) 198 198 26 5,209 $987.00 $5,140,200 

Jarrahdale (t) 150 92 28 2,534 $455.03 $1,153,050 

Butternuts (cartons) 167 155 975 151,100 $20.07 $3,032,100 

Jap pumpkin (t) 186 141 27 3,827 $585.31 $2,240,000 

Mangoes (trays) 720 296 1,349 400,000 $17.80 $7,120,00 

Citrus (t)v 256 83 5 450 $1,467 $660,000 

Othervi 125 116    $6,868,729 

Total Horticulture      $36,116,299 

OTHER       

Leucaena/Irrig Pasture 925 925    $1,350,000 

Tropical forestryvii 2448 0    $- 

ESTIMATED TOTALviii 12,064 hectares  $63,150,411
i. Some areas not harvested.  ii. Gross value of sugar sales by mill 
iii. Includes culinary beans  iv. Includes sunflower, sweetcorn  and other seed crops 
v. Predominantly red-fleshed grapefruit vi. Includes vegetables, papaya, tropical fruit and nursery production 
vii. Mainly Indian sandalwood plantation viii. Total includes wet seasonareas that are also cropped in the Dry Season 
 
Source Department of Agriculture and Food WA 
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7.6 APPENDIX 
IRRIGATION WATER REQUIREMENT AT FARM GATE ORD STAGE I 

 
Crop ML/ha 

Bananas 25.2 

Chickpeas 7.2 

Cotton 10.9 

Fresh Beans 5.5 

Honey Dew 5.7 

Hybrid Seeds 7.6 

Leucaena 15.7 

Mangoes 10.1 

Pumpkin 8.8 

Red Grapefruit 13.2 

Rock Melon 5.7 

Sandalwood 11.8 

Sugar Cane 23.4 

Sweet Corn 7.4 

Water Melons 8.8 
Source: Ord Irrigation Co-operative 
http://www.ordirrigation.com.au/farming.htm 
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8. ADDENDUM  
 
The following addendums were submitted by members of the Ministerial GMO Industry 
Reference Group and Ministerial GMO Specialist Advisory Panel. 
 

1. Mr. Trevor de Landgrafft, President, WAFARMERS 
 
2. Mr. Steven David representing the Organic Industry 
 
3. Ms. Julie Newman, Network of Concerned Farmers 
 
4. Dr Sue Sutherland, Manager Biotechnology, Department of Agriculture and Food WA 
 
5. Dr. Ian B. Edwards, Chairman, AgBio Advisory Group, AusBiotech (Australia’s 
Biotechnology Organisation). 

 
6. Mr. Chris Tallentire, Director, Conservation Council of WA Inc. 
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GM Cotton in the Ord River Irrigation Area – Discussion Paper 

WAFARMERS 

As members of the Ministerial GMO Industry Reference Group, WAFarmers broadly endorses 
the discussion paper. 

It is clear from Reference Group deliberations that the document will not meet the 
requirements of all parties with a point of view on GMOs.  To supporters of GM technology, 
the document will be perceived as too green. To opponents of GM technology, the document 
will be perceived as too pro-GM. 

It is WAFarmers position that as a discussion paper, the document should not be a text with 
all the answers to the myriad of questions on GM technology but should provoke discussion 
within the broader community as to the future of GM technology in agriculture. In this 
particular case, GM cotton in the Ord River Irrigation Area (ORIA) and in the future, a 
discussion paper is to be released on GM Canola in the WA wheatbelt. 

WAFarmers policy position on GMOs calls for the lifting of the State Government moratorium 
on the commercial release of GMOs. 

WAFarmers is keen to identify the benefits of GM crops grown in Western Australian 
conditions thereby allowing farmers the opportunity of making informed decisions on whether 
GM technology will deliver benefits to their farming enterprises. 

GM cotton has been grown successfully in Queensland and New South Wales for 11 years. 
GM cotton has delivered economic and environmental benefits to farmers in these states. 

History in non GM cotton crops grown in the ORIA indicates that a different set of challenges 
will be presented in growing GM cotton in the tropics. However, more recently, trials of GM 
cotton in the ORIA have produced encouraging results. 

The final say on the success or otherwise of GM crops in Western Australia will rest with the 
state’s farmers. Quite simply, if the technology does not produce an economic return and the 
produce is not acceptable to markets, farmers will not grow it. Farmers should however, be 
given the opportunity of making informed decisions on the technology which can only be 
facilitated by the performance of GM crops under Western Australian conditions. 

WAFarmers encourages interested parties to provide comment on the discussion paper, 
particularly farmers, their production groups and communities who stand to bear the greatest 
impact of future government decisions on GM technology in agricultural industries. 
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Minority Report – Steven David representing the Organic Industry 

The decision whether to allow GM cotton into the ORIA and thereby lift the Moratorium on GM 
crops in WA, is an important one and requires careful consideration. Before lifting the 
moratorium on such contentious crops, all concerns need to be examined, investigated and 
reported on. This report however, has not achieved a balanced argument, omitting most 
counter arguments, and as an acknowledgement the Reference Group has allowed myself 
and the Conservation Council one page each to highlight the counterarguments.  

A. Counter Argument – Economics 
A fundamental argument put forward for GM cotton being grown in the ORIA to this reference 
group, was that it is financially robust. The basis for this is the cotton price assumption of 
63.6c/lb, which is the long term average price. However the report does not point out the 
average price of cotton has fallen 54% since 1990 and the price has been as low as US28c/lb 
(Nov 2001). Namoi Cotton stated recently (Feb 27, 2007) that “market fundamentals are 
subdued with New York futures level continuing to trade in a range between US 50 & 55 c/lb”. 
This is already below the price point where cotton production is profitable.  
The Australian Cotton Industry Report (2006) found that when the cotton price goes above 
US65c/lb, demand for cotton declines as it is replaced with alternative fibres. This suggests 
that the price of cotton is not likely to go above 65c/lb for any significant period and that the 
cotton price assumption of 63.6c/lb presented to the committee is too high. The Namoi Cotton 
latest annual report gives an impression that the cotton industry is not robust when it states – 
“…. (the) result has been achieved despite an extremely challenging operating environment 
characterised by depressed global demand for Australian Cotton, deteriorating trading 
margins, historically low cotton prices and increasing input costs”. These are obviously the 
key reasons why major Australian cotton “players” are buying assets in Brazil, which has a 
lower cost of production at 38c/lb and produces better quality relative to Australian cotton 
(46c/lb), and by diversifying in the US market. 
To summarise, the profitability of cotton has not been substantiated and any future 
socio-economic benefits outlined in this report cannot be supported. 

B. Counter Argument – Environment and Health 
1.  Consumers have been vocal in their concerns about GM food. This report suggests GM 
cotton has less controversy because it is mainly grown for fibre. Yet the cotton industries data 
suggest that 35-40% of the bole is cotton and most of the balance is entering our food chain 
either directly for human consumption or as stock feed.  
 2.  This Report claims GM crops support the environment by reducing chemical usage. This 
view is contentious on two levels. Firstly, the CSIRO has shown that GMO cotton continually 
secretes Bt toxins into the soil, which are not considered chemicals in this report. Secondly, a 
study conducted by Cornell University (a reputable USA University) showed that Chinese 
cotton farmers’ chemical usage in the 7 years after growing GM cotton increased back to the 
levels they were using prior to when they began growing GM cotton. The pest they were 
controlling, mirids, became a more significant problem after the introduction of GM cotton, 
consequently requiring higher levels of chemical sprays to control. 
3. This Report claims organic farming of cotton is uneconomic in the ORIA due to high pest 
pressure. There is no information available to support this. There are many places in the 
world where organic crops are grown successfully in the presence of high pest or disease 
pressure, including the ORIA. There are however, no known plans to grow organic cotton in 
this region.  
4.  I, as a representative of the Organic Industry, strongly support the arguments presented by 
the Conservation Council in their one page report.  
To summarize, the impact of the introduction of GM cotton on health through entering 
the food chain has not been fully explored in this report. With regard to potential 
adverse environmental impacts, considerable research has been excluded from this 
report.  

In conclusion, as a representative of the Organic Industry in WA, I strongly disagree with this 
report’s positive representation of GM cotton as a potential crop in the ORIA. Counter 
arguments, information and research have been excluded. I question the benefit to our 
community of overturning a moratorium and introducing a crop which is not only 
uneconomical but also has the potential to harm humans and the environment.  
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8.3 ADDENDUM 

Julie Newman, Network of Concerned Farmers www.non-gm-farmers.com  

The introduction of GM cotton in the Ord is dependent on investors applying for a license to 
grow the crop on the understanding that the crop will be profitable but the profitability is 
dependent on a number of issues that need further clarification.  

- The only benefits conferred by the GM traits are insect and weed control, therefore, any 
improvement in water use efficiency, yields or quality is due to the non-GM varieties the 
GM trait is added to, not the GM trait itself.  

- The profitability of the proposed ORIA development (Table 11, pg 21) is dependent on 
yields ranging from 1,660 kg/ha to 1,990 kg/ha, far higher than the world average yield of 
700kg/ha (Table 6, pg 12) and not necessarily achievable.  

- GM cotton has mixed financial success due to the insect pressures involved as the Bt 
cotton varieties release Bt pesticide to control bollworm and budworm but this trait does 
not control other insects (see Table 8, page 18). As mentioned on page 18, there are 21 
pests of cotton and pests other than bollworm or budworm will need to be controlled by 
the addition of insecticides. A full analysis of pests and possible changes in the pest 
population of the ORIA needs to be undertaken to provide a more accurate cost/benefit 
analysis as insect pressures are often higher in tropical areas. 

- The GM traits proposed are both susceptible to the target organisms (insects and weeds) 
developing resistance or alternative non-target competition to the traits introduced. It 
should not be assumed that the benefits of the GM traits will remain affective for long 
periods.  

- The establishment of a viable cotton industry involves very expensive initial start up costs 
totalling at least $172 million including infrastructure only specific to cotton. The 
profitability analysis in table 11, spreads this cost over 21 years which may not accurately 
reflect the scenario of GM cotton meeting adverse economic influences within that 
timeframe (such as a continuation of falling cotton prices or a rapid escalation of seed 
prices).  

- Neither seed costs, additional management plans (page 24), interest, taxes (page 21), 
adverse seasonal conditions (eg cyclones) or variation in water use costs have been 
included in the economic analysis in Table 11.  

- It is stated that "over 220" full time positions would be required to service 9,400 ha at a 
cost of $9.4 million (Table 13, page 22) Due to the current boom in mining, both skilled 
and unskilled labour is difficult to source and this could be a significant hurdle to 
prospective investors. It is unrealistic to presume that the unemployed indigenous 
population will secure these positions (page 22).  

- There is no mention in the report of the possible economic impact of introducing a high 
chemical dependent crop to an area that has no cropping history. Currently the pearling 
industry is concerned as their sustainability relies on pristine chemical-free waters and 
more research is needed to ensure there is no risk to this profitable industry.  

- I do not agree with the statement on page 28: "The reduced amounts of herbicides and 
pesticides used on GM cotton ensures that there are fewer chemicals to pollute rivers, 
less chemical residues in the soil and less affect on beneficial insects." Chemical use has 
not included the Bt insecticide that is continually exuded by the GM plant. As similar 
control could be achieved by periodic external application of the Bt insecticide, it is 
debateable if when using a more detailed and accurate analysis of insecticide released 
into the atmosphere, that there would be less chemical pollution.  
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8.4 ADDENDUM 

Processes for GM Crop Regulation in Australia 

Dr Sue Sutherland, Manager Biotechnology Department of Agriculture and Food WA 

The regulation of all GMO dealings in Australia is a federal responsibility empowered by the 
Gene Technology Act 2000.  The Gene Technology Act 2000 came into force on 21 June 
2001 and introduced a national scheme for the regulation of genetically modified organisms in 
Australia.  The purpose of the Act is to protect the health and safety of Australians and the 
environment by identifying risks posed by gene technology, and to manage those risks by 
regulating dealings with genetically modified organisms.  The independent Office of the Gene 
Technology Regulator (OGTR) administers the Act.  To date, licenses for the commercial 
production of GM blue carnations, canola and cotton have been issued by the OGTR. 

Food safety in Australia is also a federal responsibility which is managed through Food 
Standards Australia & New Zealand (FSANZ).  The safety of foods derived from GM products 
is assessed by FSANZ according to a protocol developed specifically for this purpose 
(Standard 1.5.2) and is available at: 
http://www.foodstandards.gov.au/thecode/foodstandardscode.cfm  By the end of December 
2006, FSANZ had approved 31 different GM foods, including modifications of corn, 
cottonseed (the oil of which is edible), canola, soy, sugar beet and potato, although only GM 
cotton is grown in Australia. 

If GM crop plants are approved by the OGTR, the conditions under which they can be grown 
are regulated by the Australian Pesticides and Veterinary Medicines Authority (APVMA).  The 
APVMA must register any product that comes under its jurisdiction, including pesticides and 
GM crops.  The APVMA imposes restrictions on the uses of all products including resistance 
management strategies for GM crops and some pesticides and veterinary medicines. 

The three federal authorities mentioned above are internationally recognised for their rigorous 
assessment processes and reputation for due diligence.  In terms of GM cotton, the OGTR 
adopted a cautious approach with initial plantings allowed only below latitude 220S and on 
restricted areas.  As the predicted benefits and safety record for the technology were 
confirmed by commercial production, licence conditions have been relaxed to allow greater 
farmer adoption, which has resulted in more than 90% of Australia’s cotton production coming 
from GM varieties.  Restrictions in northern Australia were lifted by the OGTR on 26 October, 
2006, after extensive research on potential weediness in the north confirmed that weediness 
risks were negligible and outcrossing to native cottons “functionally zero”. 

In addition to federal regulatory authorities, most States have imposed legislation that 
regulates GM crop production on the basis of marketing risks.  NSW has exempted fibre 
crops from its legislation and Qld has not imposed any GM crop legislation.   

Extensive cotton research in the Kimberley over the past decade has identified sustainable 
integrated pest management and agronomic production systems for GM cotton at Kununurra.  
Further, commercial scale research has been undertaken and the results have been 
amalgamated in a new publication “NORpak – Ord River Irrigation Area:  cotton production 
and management guidelines for the Ord River Irrigation Area 2007”.  The publication includes 
a list of references for published results from the research program and can be found at: 
http://www.cotton.crc.org.au/ or by contacting the Cotton CRC. 
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8.5 ADDENDUM 

Final Comments on Discussion Paper:  
“GM Cotton in the Ord River Irrigation Area” 

Dr Ian B. Edwards, Chairman, AgBio Advisory Group, AusBiotech (Australia’s Biotechnology 
Organisation). 

Transgenic (or GM) cotton is an Australian success story. Australia has been a global leader 
in the development of GM cotton varieties that have now been grown commercially in 
Queensland and New South Wales for 11 years. In 2006/07 GM cotton varieties made up an 
estimated 92% of the total acreage. Bollgard II cotton has led to an 85% reduction in the total 
insecticides applied to cotton, and herbicide tolerance has added a further 30% reduction in 
total herbicides applied. New data from CSIRO has also shown that we now have greater 
biodiversity in our cotton crops since only specific target pests are controlled. In short, GM 
cotton has had a very positive impact on the environment compared to conventional cotton, 
Australia has been a GM country for 11years, and cotton has co-existed with non-GM or 
conventional wheat on the same farms with no adverse effects on the marketability of either 
product. 

Secondly, the report fails to address the stringent process that cotton has been through 
before gaining regulatory approval. The Office of the Gene Technology Regulator (OGTR) 
was established in 2001 and governed by the Gene Technology Regulation Act of 2000. The 
role of the OGTR is to identify and manage the risks to human health and the environment 
posed by, or as a result of gene technology. In the case of cotton, each trait is assessed on a 
case-by-case basis by the OGTR; Food Standards Australia and New Zealand; and the 
Australian Pesticides and Veterinary Medicines Authority. Until 2006 GM cotton could not be 
grown in northern Australia pending a comprehensive environmental impact study, but full 
regulatory clearance has now been granted by OGTR following 11 years of research by the 
Dept. of Agriculture and Food WA, and the Cotton Cooperative Research Centre. Despite this 
progress, cotton in WA remains subject to a Moratorium first imposed by the WA Government 
in 2004, and development of Stage II of the Ord River Irrigation Area (which impacts both 
sugar and cotton) is currently being help up. 

Finally, the discussion paper is also very limited in its references to the substantial body of 
scientific work done on GM cotton here in Australia. On May 17th 2007 the Chief Scientist of 
WA, Professor Lyn Beazley launched the release of “NORpak – Ord River Irrigation Area”. 
This is a comprehensive set of cotton production and management guidelines for the Ord 
River based upon knowledge gained in the Ord and elsewhere in Australia. It includes 72 
literature citations of professional studies. We would strongly encourage you to obtain a copy 
of NORpak. 

We would also recommend that you obtain further information from the following: 
1. Guy Roth – CEO – Australian Cotton Research Institute 
2. Greg Kauter – Executive Officer – Australian Cotton Growers Research Organisation 
3. Dave Anthony – CEO – Auscott 
4. Adam Kay – CEO – Cotton Australia 
5. Jeff Bidstrup – National Convenor – Producers Forum 

Website information is available from: 
1. www.cottonaustralia.com.au 
2. www.cotton.pi.csiro.au/ 
3. www.producersforum.net.au 
4. www.auscott.com.au 
5. www.acgra.net.au 
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8.6 ADDENDUM 

Chris Tallentire, Director, Conservation Council of WA Inc. 

The Conservation Council of WA Inc. appreciates the opportunity to contribute to the GM 
cotton discussion paper, but we strongly disagree with key aspects of this paper as 
outlined:    

The Executive Summary fails to mention several key concerns that were raised during the 
reference group’s discussions. These issues remain unresolved and include: 

 GM Bt cotton may create Bt resistance in target pests, leading to uncontrolled plagues 
of resistant bollworm and budworm that would require the spraying of more synthetic 
chemical pesticides. Despite claims that there will be fewer chemicals used, we 
remain unconvinced that there will be no adverse impact on the soil and environment.  

 Charges and fees such as technology fees payable to the GM cotton patent owners, 
were not factored into the economic analysis. 

 The validity of reported low water usage by GM cotton.  

We are also dissatisfied that the body of the report overlooks the following unresolved 
issues: 

 Evidence presented on GM cotton’s relatively low water usage was inconclusive. 
Cotton is a thirsty crop, and insertion of gene/s to enable the plant to combat specific 
pests does NOT render the plant less thirsty. The water usage figures are based 
solely on a company managed trial plot and it is unclear how these were calculated 
(Table 7 of this report).  

 Bt toxins impose selection pressures on target caterpillars, which may acquire Bt 
resistance, rendering the crop ineffective as a pesticide. This report does not address 
the potential increase of synthetic insecticide use on crops as target caterpillars 
develop resistance to Bt. It also fails to report adequately on the emergence of 
secondary pests that can fill the niche once target pests are reduced. These non-
target pests (e.g. aphids, mirids and grasshoppers) will be managed with the use of 
additional synthetic chemical sprays.  

 The magnitude of problems with cotton pathogens ‘fusarium wilt’ and ‘cotton bunchy 
top’ which are reportedly major pests of GM cotton in the Eastern states of Australia is 
not analysed in this report. If these pathogens become problematic in GM cotton in 
the West, they would add substantially to the burden of synthetic chemicals used in 
ORIA with financial and environmental implications. The impacts of these pathogens 
on other crops such as sugarcane, grown in rotation with cotton, are also not 
addressed. 

 Human health concerns (section 4.4) relating to the consumption of cotton seed oil 
and the products of animals fed GM cottonseed or trash, are unilaterally dismissed by 
those in favour of pursuing potential benefits of GM crops. Many GM crops (and food 
from GM crops) have not undergone adequate scientific testing and the effects are 
still unknown at this stage. The community has every right to have access to all 
information regarding their food and our concerns should not be disregarded. 

 Climatic factors may make the growing of cotton in ORIA financially and ecologically 
untenable. Yet, significant potential climatic changes such as predicted increases in 
temperature, increased variability in rainfall and an increased frequency and intensity 
of cyclones, and their impacts on commercial viability on cotton in the ORIA has been 
omitted. 

In summary, the Conservation Council of WA Inc. has strong objections to many aspects 
of this report. We strongly urge that substantial consideration be given to the above key 
points. 
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