
GE (genetically-engineered) crops have repeatedly
failed to perform as intended in the field and have
given rise to new agronomic problems.
Commercialised GE crops depend upon the
consistent expression of inserted herbicide
resistance and/or toxin genes in order to perform.
If these genes do not function as intended, crop
losses may result. GE varieties have also
demonstrated new susceptibility to pests and
diseases, for unknown reasons. Genetically
engineering plants to resist insects also has an
impact upon pest populations, since troublesome
new pests - that require heavy use of insecticides –
can emerge as a result.

Bt Cotton susceptible to hotter days

In China, scientists have demonstrated that high temperatures can

lead to problems with cotton varieties genetically engineered to

produce Bt (Bacillus thuringiensis) toxins. Investigating reports of Bt

cotton failing to control bollworms, scientists noted that the problem

appeared to correlate to periods of high temperature. They

hypothesised that heat may reduce the Bt plants’ resistance to insects.

To test the theory, the Yangzhou University-based group grew GE

cotton under controlled conditions. At key stages, such as flowering,

they exposed the plants to high (37°C) temperatures encountered in

China’s cotton-growing areas. The plants exposed to heat produced

30-63% less Bt toxin, making them less resistant to the caterpillar

pests. Control plants not exposed to the heat did not show the same

problem. The experiments were repeated a second year with similar

results (Chen et al, 2005).

Scientists are uncertain why the GE cotton varieties react to high

temperatures in this fashion, showing once again that the

consequences of genetic engineering are not fully understood.

Roundup Ready crops not quite ready

In glyphosate-resistant ‘Roundup Ready’ crops, there is growing

evidence that heat and water stresses cause reduced herbicide

resistance (Cerdeira & Duke 2006). When their resistance is reduced,

plants are damaged when Roundup is sprayed to control weeds,

resulting in crop losses.

Cotton farmers in Texas report that they have experienced this problem

and that Monsanto has failed to warn farmers of it. Charging the

company with ‘a longstanding campaign of deception’, 82 Texas

farmers have sued Monsanto, alleging deceptive trade practices

(Musick v. Monsanto Co. 2006).

According to the Texas farmers’ complaint, GE cotton planted in 2004

and 2005 was damaged by glyphosate: “In truth, even [glyphosate]

applications applied strictly in compliance with Monsanto’s instructions

can, and often do, significantly damage the reproductive tissues in the

cotton plants. This damage substantially reduces cotton yields from

otherwise healthy plants…” (Musick v. Monsanto Co. 2006).

Texas farmers additionally allege that Monsanto knew that the cotton

would be damaged by glyphosate, but failed to disclose this fact. “We

feel like Monsanto’s been lying to us all along,” one farmer told Reuters.

Another said that glyphosate damage to his Roundup Ready cotton

reduced his yield by nearly 40% (Gillam, 2006).

The case is pending in US federal court in Texas.

Field failures
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Unanticipated susceptibility to disease and insects

Chinese and Norwegian scientists have compared the susceptibility of

GE and non-GE cotton to infection by the destructive fungus Fusarium

oxysporum. They found that conventional Chinese soya varieties

resisted F. oxysporum better than the same varieties when they were

genetically engineered (Li, 2009). Similarly, Swiss and UK scientists

have found that insect-resistant GE maize varieties are more

susceptible to the corn leaf aphid than the conventional parent plants

(Faria, 2007).

The genetic mechanisms of these disease and insect susceptibilities

are not understood. It is clear, however, that they are related to genetic

engineering because in both cases conventional parent varieties of GE

plants do not show the same susceptibility as the GE types.

Emergence of secondary pests

All major field crops are threatened by not just one but many pest

species. These threats are unevenly distributed; a major pest in one

region may be of little concern elsewhere, and vice versa.

GE crops do not incorporate complex transgenic traits that allow plants

to respond to changing pest threats and to resist a wide variety of their

enemies. For example, Bt cotton, which kills bollworms (Helicoverpa),

has succumbed to a related genus, armyworms (Spodoptera) in

Colombia (Lopez Gonzales, 2008).

Thus, even if successful at controlling a target pest species, other

pests (called ‘secondary pests’) may then emerge as more prominent

threats to the plants, resulting in crop loss and the need to apply

additional pesticides.

For example, Bt cotton is designed to resist bollworms and reduce the

need for pesticides to control them - but researchers have found that

Chinese farmers spray as many pesticides on Bt varieties as

conventional ones. What has prompted farmers to do this is the

increased prevalence of secondary pests that Bt toxins do not control.

The cost of additional spraying made Bt cotton less profitable than its

conventional counterpart in five provinces surveyed: “Economic gains

experienced by adopters of Bt cotton seed in 1999-2001 evaporated

by 2004 largely due to the rapid increase in the pressure from

secondary pests.” (Wang, 2008).
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After years of very heavy use of the herbicide
glyphosate on ‘Roundup Ready‘ GE (genetically-
engineered) crops in the US, weeds are developing
resistance to the chemical. The rapidly-spreading
problem shows how reliance on genetically-
engineered herbicide-resistance is a short-sighted
strategy that is resulting in more difficult-to-control
weeds.

“I think this threatens our way of farming more than anything

I've seen in the 30-plus years I've worked in agriculture."

Ken Smith, University of Arkansas weed scientist, 2009

‘The most problematic weed in all of cotton’

Palmer pigweed (Amaranthus palmeri) is a troublesome weed that has

recently acquired glyphosate resistance and is rapidly spreading in the

US South and Midwest, infesting fields of Roundup Ready cotton,

soya, and maize. Weed scientists are alarmed, and warn of ruin for

many farmers. No effective control exists for resistant Palmer pigweed

except large increases in the use of persistent herbicides, hand-

weeding of crops, and increased tillage (ploughing), resulting in topsoil

loss.

Glyphosate-resistant Palmer pigweed was first confirmed in the state

of Georgia in 2005 (Culpepper, 2006). The pigweed is wind-pollinated,

and the resistance trait is spreading far and fast via the plant’s highly

mobile pollen (Sosnoski, 2007). Carried on the wind, resistant

populations of the weed are moving so quickly that no reliable national

estimates of affected acreage exist. In 2009, in the states of Arkansas

and Tennessee alone, it is believed to have infested more than 500,000

farm hectares (Charlier, 2009).

“We’re now seeing [Palmer pigweed] that is resistant to

glyphosate…That’s going to be a major problem. We can go back to

ploughing and controlling what we can that way, but so far, there’s

no chemical that will take care of it.”

Ronnie Qualls, Arkansas cotton farmer, 2009.

Stanley Culpepper of the University of Georgia is the weed scientist

who first confirmed the resistant pigweed. He now calls it ‘surely the

most problematic weed in all of cotton’. To control it, Culpepper

recommends use of additional herbicides and hand-weeding cotton

with hoes – a labour-intensive anachronism in America’s landscape of

large and highly mechanised farms.

A return to hand-weeding and garden hoes

With glyphosate ineffective against the weed, agricultural supply stores

in the Mississippi Delta region have reported that common garden

hoes have returned from obscurity to become one of the fastest-selling

items (Charlier, 2009). “We haven’t chopped [weeded] cotton in a long

time,” says an Arkansas cotton grower. Hand-weeding on heavily-

infested plantings is costing Georgia cotton farmers as much as $240

US dollars per hectare (Hollis, 2009). Farmers who don’t hand weed or

apply additional herbicides are risking disaster, say weed scientists.

“I continue to see growers who are just spraying Roundup in

Roundup Ready cotton. If you continue to do that, you will not

survive. Even if you’ve survived this far, you will not survive in the

future.”

Stanley Culpepper, University of Georgia weed scientist, 2009.

Strengthening resistance

The glyphosate resistance appears not only to be physically spreading;

but also to be growing stronger: “In the past, when you applied 22

ounces of Roundup WeatherMax to a resistant pigweed, it’d at least

cause symptoms,” says University of Tennessee weed specialist Larry

Steckel. “Now, in some cases, we can spray 152 ounces and not see

any symptoms. It’s hard to believe how quickly and strong the

resistance has become and spread.” (Bennett, 2008b).

Weed scientists are telling farmers to use ‘residual herbicides’ that rely

on different chemistries in order to compensate for the failure of the

Roundup Ready system to control pigweed in maize, soya, and cotton.

Residual herbicides are applied early in the season and are designed to

persist in the soil, killing newly-sprouted weeds for weeks after

application.

As the Palmer pigweed problem continues to spread, farmers and

scientists are scrambling to come up with solutions. As a result of

heavy reliance on glyphosate, there are no good control options

available. Those that do exist are labour and chemical intensive,

raising costs for farmers and the environment. The short-term gains

that attracted US farmers to Roundup Ready crops are rapidly being

undermined by nature’s predictable response to overuse of a single

herbicide.

Field failures
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Herbicide resistance
forces farmers to
weed by hand
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The failure of GE (genetically-engineered) cotton in
Colombia deepened already hard times for many
farmers in the 2008/2009 growing season. In the
field, two new varieties of GE cotton proved
disastrous in Cordoba Province, Colombia’s most
important cotton-growing region. Farmers there have
sued Monsanto, saying it misled them about the
varieties, which were reportedly attacked by
caterpillars and damaged by herbicides that the
plants were supposed to resist.

Economically, GE seeds and accompanying herbicides contribute to

high farm costs that have made more than half of Colombian cotton

farms unprofitable, despite government subsidies. Overall, both the

total national harvest and its profitability have declined after Colombia

planted the latest GE seeds, even though acreage under cotton

cultivation has recently expanded.

The president of the national cotton growers’ federation,

CONALGODON, says that the 2008 season “was surrounded by great

expectations” for new ‘stacked’ GE varieties with multiple transgenes,

which were sown in Colombia for the first time. But hopes proved

misplaced. Cotton growers say the varieties underperformed or failed

completely in the field. CONALGODON grimly concluded “The final

results of the harvest, measured by yield in the field and at the gin,

confirm that hopes were higher than achievements.”

What went wrong?

GE cotton failure

In Cordoba province, which normally produces nearly 50% of

Colombia’s cotton, two new varieties of GE cotton failed. The types

contained both herbicide (glyphosate) and insect resistance (Bt

(Bacillus thuringiensis) genes). Farmers say that, contrary to company

assertions, the cotton was highly susceptible to armyworms1 and

damaged by the herbicide glyphosate, both of which were not

supposed to happen. CONALGODON estimates that Cordoba’s

farmers lost 12.8% of their total harvest as a result (Fonseca Prada

2009a).

Cotton growers in Tolima province, in central Colombia, also reported

failure of a new Monsanto GE variety, noting lower fiber yields

(CONALGODON 2008).

In contrast to the problems with new GE varieties, the best-performing

variety in Cordoba in 2008/09 was the conventional seed Delta Opal,

which out-yielded both herbicide-resistant and Bt GE seed types.

Yield of cotton varieties, Cordoba, Colombia,

2008/2009 growing season

Some of the farmers whose cotton failed bought GE seed because it

was the only kind available. According to CONALGODON, due to

insufficient supply of conventional seed some farmers had to buy a

Monsanto GE variety that cost nearly three times as much as the

conventional Delta Opal.

“A catastrophe is what happened. The lack of wider portfolio of

varieties means farmers don’t have alternatives for planting.”

Jorge Patiño, spokesman for Remolino, a cotton growers’ federation

in Tolima, Colombia, 2009 (CONALGODON 2008).

That some farmers had no seed choices but GE varieties is

unsurprising given Monsanto’s dominance of Colombia’s cottonseed

market. CONALGODON has criticised the offerings as an ‘insufficient,

inadequate, and inopportune supply’. The growers charge that

Monsanto’s ‘narrow portfolio‘ lacks diversity and note “high seed

prices relative to the net benefits observed.” (Fonseca Prada 2008).

VARIETY

Delta Opal

(conventional)

NuOpal

NuOpal BG RR

DP 164 BG2 RR

FLEX

DP 455 BG RR

(Source: Fonseca Prada 2009)

TRANSGENES

-

Bt gene

Herbicide resistance

Bt gene (‘Bollgard’)

Herbicide resistance

Bt gene (‘Bollgard2’)

Herbicide resistance

Bt gene (‘Bollgard’)

YIELD/HECTARE

(Observed, Cordoba

Province, 2008/2009)

2,027kg

1,905 kg

1,883 kg

1,762 kg

956 kg

Field failures
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Genetically-engineered
cotton fails to perform
in Colombia

1While Bt cotton varieties were developed to resist caterpillars of the genus Leptidoptera, Monsanto represented that the Bt genes would also reduce armyworm (Spodoptera) infestations by 50-70%. Farmers say this proved to be
false. (See: Lopez Gonzales E (2008). El fracaso del algodón tansgénico en el campo Colombiano, Grupo Semillas. http://www.semillas.org.co/sitio.shtml?apc=c1a1--&x=20155139g
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Limited choices: availability of certified cotton seed,

Colombian Coastal Production Zone, 2009/2010 growing

season (Source: CONALGODON)

An industry in crisis

Colombian cotton is subsidised by a government minimum price

guarantee. In recent years, the subsidy amount has fluctuated near

$0.09 US dollars per kilogram (ICAC 2006), nearly 1/3 of cotton’s

international price of $0.281 per kilogram as of late August 2009.

Despite the subsidies, rising production costs have made more than

half of Colombian cotton farms unprofitable (CONALGODON 2008). In

2008/2009, average production costs surged from 13%-30%,

depending on the province. Genetically-engineered crops are a

significant contributor to rising costs. In some areas, the price of

Monsanto’s glyphosate (Roundup) has recently doubled (Mejia 2009),

and GE seed prices are two to three times higher than those of

conventional seed (see chart).

In the major cotton growing regions of Cordoba and Bolivar, GE seed is

driving planting costs upwards, while herbicide and pesticide costs

have also increased or failed to fall sufficiently to compensate for

increased seed expenses (Fonseca Prada 2009b, 2009c).

GE cotton is thus clearly not steering Colombian farmers away from

failure and, in response to the sector’s deepening problems, the

Colombian government has increased subsidies for 2010

(CONALGODON 2009).

Monsanto sued

As a result of the failure of Monsanto GE varieties in Cordoba and

problems elsewhere, the Colombian government has imposed a new

regulation on Monsanto (Resolution 682/09, February 2009) requiring it

to provide more extension assistance to farmers.

Cordoba farmers have sued Monsanto seeking damages for their loss.

Tacitly acknowledging the failure, Monsanto officials first offered cash

compensation. But talks broke down in mid-2009 when farmers

refused to sign legal releases upon which Monsanto conditioned

payments (Arroyo Muñoz 2009). The case now appears to be headed

to court.
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Monsanto (transgenic) - 7 Varieties

250

70
4

308

Monsanto (conventional) - 1 Variety

Public sector (conventional) - 1 Variety

Bayer (transgenic, ‘semi-commercial’ trials) - 1 Variety

Tonnes (M) available

Variety Seed cost ‘Technology fee’ Cost(25kg sack)

Delta Opal(conventional) $179 $0 $179

NuOpal (Bt) $179 $176 $355

DP 455 (Bt/RR)* $187 $234 $421

DP 164 (Bt 2/RR/’flex’)* $168 $329 $497

*Experienced field failure in one or more regions of Colombia in 2008/09.

Monsanto cottonseed prices and technology fees,

Colombia, 2009 (Source: Monsanto, converted to US dollars

at 1900 Colombian pesos= $1, rounded to nearest dollar)
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Studies demonstrate that Monsanto’s ‘Roundup
Ready’ (glyphosate-tolerant) soya has a 5-10%
lower harvest compared to modern conventional
soya lines. These lower-yielding GE (genetically-
engineered) soya varieties cost farmers billions
of dollars every year.

Evidence of lower yields, called ‘yield drag’, is an
example of the unpredictability and unintended
consequences of GE. Yield drag losses were and
remain avoidable through the use of modern
conventional varieties.

Yield drag documented

Yield drag surfaced quickly as GE soya was adopted in the US in the
late 1990s. Early studies by Charles Benbrook, a former US
government science advisor, and Roger Elmore at the University of
Nebraska documented the problem.

Analysing multiple US field trials in 1999 Benbrook found an average
yield drag of 5.3% for Roundup Ready soya and that, in some
locations, the best conventional varieties beat Roundup Ready yields
by more than 10% (Benbrook 1999).

In 2001, Elmore and colleagues directly compared sister Roundup
Ready and conventional soya lines in field trials. They demonstrated
that yield drag was due to GE and not to other factors (Elmore 2001a).
Elmore also estimated the yield drag of Roundup Ready soya at 5% -
10%, depending upon exact variety and conditions (Elmore 2001b)

The cost of yield drag

In the US, where 95% of soya is Roundup Ready, farmers planted 30.6
million hectares of the crop in 2008, harvesting 80.54 million metric
tonnes (USDA 2009). Yield drag thus chopped between 4 and 8 million
metric tonnes (Mt) off the 2008 US soybean harvest. That loss is
greater than annual US soya exports to the EU (3.7 Mt) or Mexico (3.6
Mt), and may be greater than the two combined.

Cumulatively, the loss is staggering. By opting for the deceptive weed
control simplicity of Roundup Ready soya rather than using the best
conventional varieties, it is estimated that from 2006 through 2009, US
farmers produced 31 million metric tonnes less soya than they should
have. In the last four years, the cumulative cost of that loss is over $11
billion US dollars (at a farm price of $9.65/bushel).

Similar losses occur in other Roundup Ready soya producing
countries, such as Brazil, which is expected to overtake the US as the
world’s largest soya producer within a few years, and Argentina.

Industry belatedly admits the problem

It was only recently that Monsanto admitted that Roundup Ready
soya yields less. The tacit admission has come in the form of marketing
for ‘Roundup Ready 2’, a newer type of glyphosate-resistant plant.
Monsanto claims that Roundup Ready 2, which was introduced on
limited acreage in the US in 2009, has 7-11% ‘higher’ yield than its
predecessor (Monsanto 2009).

But Roundup Ready 2 does not yield more than appropriate
conventional soya lines, rather it is claimed to yield more than Roundup
Ready 2’s ‘dragged’ predecessors. After all, the Roundup Ready
genes confer chemical herbicide resistance and not productivity traits.
According to Monsanto, Roundup Ready 2 was made by inserting the
herbicide resistance gene in a different place on the soya genome
(Meyer 2006), allegedly reducing yield drag.

“Two years ago, I went to a meeting about a new soybean

technology. The trait company claimed there was now no yield drag

with the new technology. When the original technology was

released, it was touted as having no yield drag. What are we to

believe about new soybean technologies?”

Chris Jeffries in The Seed Consultant (newsletter), May 2009

Like the first generation of Monsanto’s glyphosate-resistant soya,
however, there are indications that Roundup Ready 2 genetic
engineering also has unintended consequences. Roundup Ready 2
plants are 5% shorter than conventional plants of the same type (Meyer
2006). Nobody knows why this is the case.
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In August 2006, rice markets worldwide were
rocked by the US Department of Agriculture’s
(USDA) announcement that the US rice crop had
been contaminated by unapproved Bayer GE rice
with genetically-engineered herbicide resistance.

A cascade of costly events ensued. The ultimate cost
to the US rice industry was between $741 million and
$1.29 billion US dollars, plus costs to foreign
companies and still-undetermined legal damages
against Bayer. The origin of the contamination
remains unexplained to this day.

Costly contamination

The GE contamination was first found in the 2006 long grain rice crop

in Arkansas and neighbouring US states. The chain of events that was

unleashed impacted not only US farmers and processors but rice

shippers, importers and retailers the world over.

Within days of the announcement, Japan, the EU and others closed

their markets to US rice imports. Nevertheless, GE rice contamination

was detected in Europe, Africa and elsewhere in the following months,

prompting product recalls from the Philippines to Ghana and

implementation of a strict EU testing regime.

The result was a near-immediate $168 million loss of value in the US

harvest registered on US futures markets (Raun 2007). By the end of

the 2006-2007 marketing season, the futures market downturn plus

lost exports cost an average of $70,000 for each of the 6,085 rice

farms in the US as of 2007 (USDA 2009).

Further undermining confidence in US rice, in October 2006 France

announced that it had found a second illegal Bayer transgene in rice

imported from the US (EU RAS 2006).

With prices plummeting, US farmers and processors spent nearly $100

million to eliminate GE contamination from farms, elevators and seed

supplies. Shipping companies, retailers and others also suffered losses

due to paralysed shipments and rice supplies that could not be

marketed.

In total, the scandal is estimated to have cost the US rice industry at

least $741 million dollars and as much as $1.29 billion. This estimate

does not include costs to companies in Europe and elsewhere, who

were forced to test for and clean up LL601 contamination, and

payment of as yet undetermined compensatory and punitive legal

claims filed against Bayer (see overleaf).

Economic failures 1

Economic failures

Rice producers pay for
accidental release of Bayer’s
genetically-engineered rice

Period of
reference

Clean-up (2006-07)

Farm clean-up and seed testing

Processor and elevator clean-up costs

Lost farm and business income

Lost farm revenue (06-07)

Export losses (06-07)

Post-2007 export losses

Commodity markets

US futures market losses (2006)

Other losses (shippers, retailers, etc.)

Total loss (Millions US dollars)

Table 1) LL601 rice contamination cost estimate

Low
estimate

4.3

87.6

27.4

254.0

89.0

168.0

50.9

741.2

High
estimate

5.4

91.0

27.4

254.0

445.0

168.0

112.8

1,284.6
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1999 -
2001
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Origin of the contamination never explained

An especially disturbing aspect is the lack of explanation for how the

contamination occurred - even to this day - prompting questions about

the safety of GE field trials and negligence by developers of GE crops.

LL601 was developed in the late 1990s by Bayer Cropscience (then

Aventis), and grown experimentally in Louisiana. Commercial

development was terminated in 2001.

Following detection of the contamination five years later, the United

States Department of Agriculture (USDA) spent 14 months and 8,500

staff hours trying to determine how it happened. Despite the effort, in

October 2007 USDA investigators concluded that insufficient

documentation existed of Bayer’s prior handling of LL601 and thus

“the exact mechanism for introduction [into conventional rice] could not

be determined” (USDA 2007).

Timeline of contamination:

Experimental trials of
Bayer GE rice (called
LL601) conducted in

Louisiana,
development

terminated in 2001.

Compensation sought

Bayer and US rice millers are facing more than 1,200 lawsuits from

those who suffered losses as a result of the failure to contain Bayer’s

GE rice. Claims have been filed by farmers, rice merchants and

European food processors who unwittingly imported illegal GE rice.

Bayer is fighting the lawsuits and refusing to accept full financial

responsibility for the escape of its unapproved GE rice. In August 2008,

Bayer blocked US farmers from suing it collectively as group (a ‘class

action’) in a US court. This means that farmers must pursue their claims

individually. As a result, in August 2009, nearly 1,500 farmers filed new

claims in Arkansas, adding to hundreds of other individual suits

previously filed in several US jurisdictions.

In December 2009, the first verdict was passed in the case of two

Missouri farmers. The farmers were awarded $2 million US dollars for

the damages they sustained as a result of the contamination. In

passing it’s verdict, the jury indicated Bayer had been lax in it’s

handling of the seed. Bayer countered that it exceeded industry

standards in it’s attempt to avoid contamination, and went as far as to

say “[e]ven the best practices can’t guarantee perfection” (Harris

2009). This admission makes it clear that contamination, and the costly

consequences documented here, will remain a constant threat while

GE crops exist.
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2006 2007 2008 2009

USDA announces
LL601 is in the US
food supply. Japan
and the EU suspend

US rice imports.

1999 - 2001 August

LL601 is found in
more than 20%

of samples
tested in EU.

International rice
merchandisers stop

buying US rice.

France detects
another unapproved

Bayer transgene
(LL62) in US rice.

September October

The EU starts strict
testing after LL601 is

found in rice that
was certified by US
suppliers to be GE-

free. Major rice
exporters Thailand

and Vietnam commit
to staying GE-free.

Lawsuits filed
against Bayer and
US rice mills by US

farmers and
European

companies.

November Jan - Aug

After a 14 month
investigation, USDA
admits that it cannot

explain how the
contamination

occurred.

US farmers denied
status as a class in

lawsuit against
Bayer, must sue

individually.

October August

1500 mainly
Arkansas farmers

sue Bayer for LL601
damages, adding to
hundreds of previous
individual claims by
farmers in various

jurisdictions.

First lawsuits against
Bayer heard in US

federal court.

August November



Opinion polls around the world have repeatedly
demonstrated that the majority of people are
concerned about the safety of GE (genetically-
engineered) foods and expect that, if they are
marketed, then they should be separated and
labelled (Harris Poll (2004), European Commission
(2001), Yomiyuri Shimbum (1997) etc). Thus, market,
safety and political demands often require that GE
crops and harvests be maintained separately from
conventional ones.

The burden on food production systems that stems
from GE crops imposes economic costs on farmers,
grain merchants, the food industry and, ultimately,
the public. In the broadest perspective, costs
generated by GE crops are reflected in major grain
markets. Since 2000, the Tokyo Grain Exchange has
operated a futures market in non-GE soya. Non-GE
soya futures consistently price higher than other soya
contracts (TGE, 2009). This reflects both consumer
demand for GE-free foods and the additional costs to
conventional farmers of preventing contamination
from GE soya.

Increased costs for the seed producer

The cost of GE food begins at the level of producing seeds for sale.

GE seed is well-known to be more expensive than conventional seed;

but what is less appreciated is that GE seeds can also add to the cost

of conventional ones.

Because of the danger of cross-pollination between GE and non-GE

varieties, conventional seed producers must take measures to prevent

contamination. These measures must be rigorously followed to avoid

GE contamination such as has occurred in Chile, where GE maize

sown to produce seed for export contaminated seeds used locally

(INTA, 2008).

European Commission scientists estimate that if GE canola (oilseed

rape) was introduced in Europe, keeping conventional canola from

being contaminated at the seed production level would add 10% to

seed duplication costs (Bock, 2002).

Increased costs for the farmer

On the farm, GE imposes another set of expenditures. These include

the costs of maintaining physical and/or temporal separation between

GE and non-GE crops in the field, during and after harvest. For

example, when a seeder (planting machine) switches between types,

it must be thoroughly cleaned, costing farmers additional labour each

time it is necessary. Alternatively, farmers can ‘flush out’ equipment by

planting conventional crops after GE ones; but this practice requires

that the farmer then sells a portion of the non-GE harvest at the GE

price, due to potential contamination.

Preventing on-farm GE contamination also requires the expense of

cleaning other equipment such as harvesters, trucks, storage bins,

and dryers.

An additional on-farm cost caused by GE seed is control of volunteer

plants. When conventional varieties are sown in the same field, or near

where GE crops have previously grown, fallen or windswept GE seeds

from prior seasons may germinate. Once the seeds have germinated,

the plants must be killed with herbicides or be chopped down before

flowering in order to prevent the conventional crop from being

contaminated.

Eliminating volunteer plants can be very expensive to farmers.

A Canadian study projecting costs of the proposed introduction of

GE wheat determined that volunteer control would be largest single

on-farm expense, at $5.15 Canadian dollars a tonne (at a 0.1%

contamination threshold) (Huygen 2003). This amounts to 3.96% of

the Canadian Wheat Board farm price for wheat for the study year

(variety: red spring straight wheat).

Increased costs during storage and distribution

Harvests must be kept separate as they make their way from the

field to silos and elevators, and through shipping channels to food

processors. Here again, GE crops impose price penalties on

conventional crops, requiring spatial or temporal segregation.

The total combined on farm and shipping penalties vary by crop and

location. The total projected cost to keep conventional Canadian wheat

free of GE contamination was 5.4% - 6% from farm to food processor

(Huygen et al 2003).

Other recent studies include a 2006 estimate placing the cost of

preventing GE contamination in Western Australian canola exports at

5-9% of farm cost (Crowe 2006). A 2009 projection of costs in Europe

if GE canola were introduced put the total expense to seed producers,

farmers, and grain elevators at a debilitating 21% of the farm price

(Menrad et al, 2009).

Economic failures

Economic failures

The costs of
staying GE-free



Economic failures

Increased costs for food processors

Finally, if food processors must separately handle GE and non-GE

harvests, as consumers and labelling requirements frequently demand,

another layer of costs is imposed. A 2009 study on costs to German

industry estimated up to 12.8% added cost for canola, 4.9% for

sugarbeet and 10.7% for wheat (Menrad el at, 2009). These are in

addition to farm and grain merchant costs.

GE avoidance costs

Rather than segregate GE grains and cereals from conventional ones,

some food processors (especially in Europe) simply don’t buy GE

ingredients. This too creates costs, because companies must verify

their compliance with GE avoidance policies.

A 2007 study surveyed German food processors on their expenditures

to avoid use of GE canola and maize. Companies identified a variety of

costs related to staying GE-free. The costs cited most often were for

sampling and laboratory testing of incoming shipments, additional

documentation and additional labour. The food processors reported

widely-ranging costs to avoid GE maize and canola, which were

estimated to average between €2.46 and €23.70 per metric tonne of

canola and maize (Gawrun 2007).

The cost penalties imposed by GE seeds on farmers, grain merchants

and the food industry are significant and have been found in studies

from different parts of the world. Costs are incurred at every level of the

production system, from seed multiplication through to food

processing. This problem currently affects globally important bulk food

commodities (maize, soya, and canola) and has the potential to impact

more if new GE crops are approved.
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Linseed, called flax in North America, is a crop
adapted to northern latitudes that is primarily grown
for its oil-rich seeds, which have food, animal feed,
and industrial uses. In 2009, contamination from a
GE (genetically-engineered) linseed variety was
detected in Canadian exports to Europe and Japan,
triggering a market collapse that has caused huge
economic losses for Canadian farmers. European
processors and retailers have also suffered the
economic repercussions, with products being
recalled in several countries.

In September 2009, GE contamination was first confirmed in a

shipment of Canadian linseed exported to Germany. The market

reacted swiftly. Only days later, the President of the Saskatchewan Flax

Development Commission grimly concluded that ‘the flax market has

basically collapsed’. (Kuhlmann, 2009).

At the end of the year the situation was no better, and much of

Canada’s 2009 harvest remained in storage for lack of a buyer. Asked

in December if exports to Europe - the traditional destination of about

70% of Canada’s linseed - had improved, the President of the

Canadian Flax Council (a national organisation of linseed farmers) told

Reuters “I don’t think anything has shipped at all.” (Nickel, 2009)

Contamination from a deregistered GE linseed variety

Linseed went from being a profitable crop to an economic disaster

because of the unexplained presence of ‘Triffid’, a GE variety designed

to resist herbicide, in Canadian exports.

Triffid was developed by the University of Saskatchewan Crop

Development Centre (CDC). It received final regulatory approval from

Canadian authorities in 1998 and was placed on the register of

varieties approved for commercial production.

Linseed farmers opposed Triffid, fearing market rejection of GE linseed,

and prevented it from being sold for commercial production. Farmers

convinced CDC to deregister the variety in 2001, only three years after

its approval (CGC 2009).

CDC allowed small packages of the GE seed to be distributed by the

scientist that created the variety until the Canadian Flax Council

objected in 2000. In that year, the President of the Flax Council

presciently noted that if Triffid were found in Europe, ‘it could literally kill

our market’. (Warick, 2000 & Pratt, 2009).

Although the source of the widespread contamination identified in

Canadian linseed in 2009 has not been conclusively determined, it has

been suggested that the samples distributed nearly a decade ago may

ultimately prove to be the origin. In an attempt to understand how

contamination occurred, Canada’s Flax Council has urged farmers to

submit samples of their 2009 harvest for testing.

Linseed markets paralysed

The first confirmed report of Triffid contamination came on 15

September 2009, when a German food company found evidence of

GE material in a shipment of Canadian linseed that it had sampled in

August. More intensive testing of linseed quickly ensued in the EU, and

by 10 December 2009, eighty six more cases of Triffid contamination

had been confirmed (EC RASFF, 2009). In November, Triffid

contamination was found in linseed exported to Japan, Canada’s third

largest linseed customer (Yoshikawa & Maeda, 2009).

At the end of 2009, the dozens of contamination incidents have had

the effect of paralysing Canada’s linseed exports. Because most

Canadian linseed is exported via the St. Lawrence Seaway, which

freezes in winter, most of Canada’s 2009 linseed harvest will likely

remain in storage well into 2010, when the industry will again seek

buyers for the crop.

Economic consequences

News of the Triffid contamination caused an immediate slump in

linseed prices paid to Canadian farmers. From early summer highs in

excess of $12.50 Canadian dollars per bushel, prices dropped by late

September to $7.87 at port in Ontario and $6.80 in Saskatchewan. At

the beginning of October, a Manitoba processor ceased bidding for

linseed harvests (SFDC, 2009), an indication of how Triffid

contamination has severely weakened linseed demand.

Canadian prices have since risen to the $9.00 per bushel range.

However, prices remain low and harvests in storage. Optimists in

Canada cite a recovery of linseed prices in European markets (SFDC,

2009); however, this ‘recovery’ is illusory because shipping volumes

are practically non-existent. This is evidence that, due to Triffid

contamination, Canada can’t meet EU biosafety requirements for new

contracts.

Agriculture Canada forecasts the 2009 linseed harvest at 965,000

metric tons, over 35 million bushels (Agriculture Canada, 2009). With

prices to farmers down by an average of $3.00 per bushel, Canadian

farmers have lost $106 million or more from the value of their harvest. It

could get worse: Farmers who retained their harvest and processors

that have linseed in storage currently face great uncertainty about

future prices.

Economic failures
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The rough road ahead

Triffid’s ultimate cost to Canada’s linseed industry will certainly be

even higher, although it is too early to calculate with precision. A

24% decline in planting is forecast for 2010 (SFDC, 2009), and

‘burdensome stock levels’ mean recovery cannot occur until well

into 2010 (Agriculture Canada 2009). Before then, Canadian linseed

farmers must test their harvests to identify and attempt to eliminate

all Triffid contamination – a complex and costly task that the

Canadian Flax Council has deemed mandatory for survival of the

industry.

Linseed is marketed as a healthy choice in baked goods and other

products for human consumption, often citing its high concentration

of unsaturated fats and protein. Triffid contamination is likely to raise

safety questions in the minds of consumers, and the damage to this

reputation of linseed and linseed oil could prove to be more costly

than the direct damage to the linseed market.
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The first comprehensive global assessment of
agricultural development ever conducted recently
concluded that business-as-usual is not an option for
the future of agriculture. The 400 scientists who
participated in the review concluded that GE
(genetically-engineered) crops are not a priority for
feeding the world in 2050.

To ensure a healthy, habitable world in coming decades, the

assessment preferred a systems-oriented approach adapted to local

conditions and cultures. This, it concluded, was more responsive to

agricultural needs in the coming decades than focusing on new

technologies exclusively aimed at market productivity:

“Historically the path of global agricultural development has been

narrowly focused on increased productivity rather than on a more

holisitic integration of natural resources management (NRM) with

food and nutritional security. A holisitic, or systems-oriented

approach, is preferable because it can address the difficult issues

associated with the complexity of food and other production

systems in different ecologies, locations, and cultures.”

IAASTD, 2009.

The International Assessment of Agricultural Knowledge, Science, and

Technology (IAASTD) was established in 2002. The Assessment was

organised and included the participation of international agencies such

as the Food and Agriculture Organisation, the World Health

Organisation and the UN Development Programme, among others.

Also participating were national governments, and non-governmental

and scientific organisations from across the world.

After a series of regional and global meetings, the IAASTD presented its

findings in South Africa in 2008 in a lengthy report titled Agriculture at a

Crossroads. The report reflects the fact that participants held divergent

views of the potential of genetically-engineered crops. The approach

the IAASTD took to this and other issues was to first define mutually

agreed agricultural problems and then to seek to identify the best ways

of solving them. In doing so, a decision was made to focus on the

evidence at hand, rather than the futures imagined by the varied group

of participants or a priori assumptions about the best technological

approaches.

In the end, to the disappointment of private sector genetic engineers

(who walked out of the process), the IAASTD proved far less

enthusiastic about the future use of genetic engineering than the

technology’s promoters hoped. Among GE problems that were noted

by the IAASTD are those of both farmers and scientists being stymied

by the legal barriers imposed by biotechnology patents, ecological

concern about gene-flow from GE crops, market disruptions caused

by political and ethical objections, and the lack of long-term

environment and health monitoring in the few countries that currently

grow GE crops on a large scale.

The IAASTD found other approaches more promising for agriculture’s

future:

“Given the new challenges we confront today, there is increasing

recognition within formal [science and technology] organisations that

the current [agricultural knowledge, science, and technology] model

requires adaptation and revision. Business as usual is not an option.

One area of potential adaptation is to move from an exclusive focus

on public and private research as the site for R&D toward the

democratisation of knowledge production.

Once [agricultural knowledge, science, and technology] is directed

simultaneously towards production, profitability, ecosystem services

and food systems that are site-specific and evolving, then formal,

traditional and local knowledge need to be integrated. Traditional

and local knowledge constitutes an extensive realm of accumulated

practical knowledge and knowledge-generating capacity that is

needed if sustainability and development goals are to be reached.”

An international priority now is to move forward with the changes to

national and international agriculture policies in line with the

conclusions of the IAASTD. These include measures related to

promoting the role and knowledge of small farmers and increased

public investment in agricultural research. GE crops, however, are not

a promising option to address the challenges confronting agriculture.

Economic Solutions 1

Solutions

Genetic engineering not a priority
for agriculture, International
Assessment concludes
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Responding to climate change is a challenge
for global agriculture. In the coming decades,
differences in rainfall, temperatures and the ranges
of plants and pest species will transform agriculture.
Developing countries are predicted to experience
stronger impacts than others. For example, by the
2050s, densely populated river deltas in South and
Southeast Asia are predicted to be prone to
seawater flooding. At the same time, fresh water
supplies are projected to decrease (IPCC 2007).

While GE (genetic engineering) continues to promise
solutions, ecological farming delivers.

Genetically-engineered crops and climate change:

hype vs. reality

Commercial GE crops remain focused on crops that are resistant to

herbicides or that produce an insecticide. These traits are not related to

climate change adaption.

GE is ill-adapted to the task of making cultivars more durable in the

face of climate change-related stresses such as heat and drought. This

is because management of such stresses in plants is usually controlled

by complex genetic systems that involve interaction between large sets

of genes and between the plant and its environment. By comparison,

GE is limited to insertion of one (or a few) genes with relatively

unsophisticated control over the timing and extent of gene expression,

making GE far clumsier at gene expression than the complex

regulatory systems naturally developed in plants.

Review of scientific literature, including the recent International

Assessment of Agricultural Knowledge, Science and Technology for

Development (IAASTD),1 indicates that the most effective strategy to

adapt agriculture to climate change is by growing a greater diversity of

crops and increasing genetic diversity of the crop varieties we grow.

Diversity adapts to change

Several recent studies have indicated the importance of diverse

ecological farming in modern agricultural systems. These benefits can

include improved resistance to disease and drought, as well as

increased yields.

Faced with crop losses from rice blast disease, farmers in China’s

Yunnan Province who adopted a system of growing diverse rice

varieties improved their yields by as much as 89%. At the same time,

they conserved the genetic diversity of local rice types and reduced use

of fungicides (Zhu 2000, 2003). It has also been found that a high level

of genetic diversity protects Italian wheat harvests against drought

(DiFalco 2006, 2008).

Similarly, planting different species more often is beneficial. In the US,

researchers recently compared maize yields under different farming

systems. They found that farmers who rotated their crop most often,

and who planted cover crops, had yields over 100% higher than maize

monocultures (Smith 2008).

Ecological breeding technique means better

crop performance

In addition to growing more species and more diverse varieties,

developing new varieties that include stress-related traits is a step that

could help adaptation to climate change. If commonly cultivated types

had greater tolerance of multiple stresses – for example heat, drought,

and disease - they would be better suited for unpredictable and/or

extreme climate change. The way to do this is through conservation of

local germplasm and plant breeding, including use of a new technique

called marker assisted selection (MAS).

Diverse ecological farming and modern conventional plant-breeding

are the methods of choice to respond to climate change in agriculture.

Genetic engineering does not provide the complex traits and

sophisticated control over them that is needed to create crop varieties

primed to withstand climate change. Investment in maintenance and

development of on-farm diversity and plant breeding is agriculture’s

best option for food security in a changing world.

MAS is a genetic technique that can make plant-breeding involving

complex traits faster by taking advantage of gene-mapping. By

tracking specific DNA fragments (markers) in the breeding process,

breeders can more easily ‘see’ the result of their work, and more

quickly and precisely move genes of interest into new varieties

through conventional breeding. MAS breeding takes advantage of

genetic markers but does not result in a transgenic plant.

Economic Solutions

Solutions

Diverse farming
protects against
climate change

1The International Assessment of Agricultural Knowledge, Science and Technology for Development, completed in 2008, was a major international review of agriculture sponsored by the United Nations and

governments. Its final report, Agriculture at a Crossroads is available online at http://www.agassessment.org/
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Thai farmers transferred
organic rice seedlings

to a specially-
designated rice field.
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In East Africa, maize farmers are overcoming some
of their most damaging plant and insect pests in an
ecologically sustainable manner. A proven approach
called the’push-pull system’ utilises ecology to
improve yields by stopping plant and insect pests.
A multi-year study in six districts of Kenya showed
consistent maize yield gains for the push-pull system
over monoculture, sometimes as high as 350%
(Khan 2008). The integrated approach relies on
ecological knowledge and diverse farming methods
rather than chemicals or GE (genetic engineering).

Pest and weed problems in East Africa

Maize is Africa’s largest cereal crop, with cultivation particularly

important in East and Southern Africa. But many maize fields are

plagued by witchweed, also called striga (Striga spp.). Witchweed is

a parasitic plant that attaches itself to maize roots, depriving its host

plant of nutrients. It is a problem that infests 40% of the arable land in

Africa’s savannas and is estimated to cost farmers US$7-13 billion per

year (Khan 2007).

Stem-boring caterpillars are also a serious problem in African maize.

Particularly harmful are Chilo partellus and, at higher altitudes,

Busseola fusca, both of whose larvae chew holes in maize stalks and

consume the plants from within. Stem borers destroy 20-40% of

Africa’s maize harvest on average, and as much as 80% in heavy

infestations (Gatsby 2005).

Working with Kenyan farmers, scientists from the International Centre

of Insect Physiology and Ecology (ICIPE) in Nairobi have developed an

integrated ecological approach that controls both witchweed and stem

borers in maize without chemicals and other expensive inputs, making

it especially appropriate for Africa’s many resource-poor farmers.

The push-pull system

Red arrow: 'Push': Compounds released into the air by intercropped
plants repel moths away from the maize.

Orange arrow: Compounds released into the air by border 'trap plants'
attract moths to lay eggs, away from the maize.

White arrow: In addition, compounds secreted by desmodium roots
inhibit the attachment of witchweed to maize roots and causes suicidal
germination of witchweed seed in soil (see overleaf).

The scientific name of the system is stimulo-deterrent diversion. It is

popularly known as ‘push-pull’, a name that describes how the system

works to divert pests from maize. Push-pull farmers plant two species

in addition to maize - one that repels pests from the maize plants (the

‘push’), and another that attracts the pests away from the maize (the

‘pull’), called a ‘trap crop’.

The push is provided by an African native legume called silverleaf

desmodium (Desmodium uncinatum). Desmodium is planted in rows

beside maize. It naturally produces compounds that have a repellent

effect on stem borers. Desmodium causes stem borers to perceive the

area to be infested with fellow caterpillars, and thus already heavily

exploited. Consequently, stem borer moths avoid the desmodium (and

the maize beside it), and look elsewhere to lay their eggs (Khan 2007).

The pull in the system is provided by Napier grass (Pennisetum

purpureum), which is planted on the perimeter of maize fields. Stem

borers are attracted to Napier grass and prefer to lay eggs on its leaves

over maize. In addition to luring stem borers away, the Napier grass is

often a reproductive dead-end for the caterpillars, because it has a

particularly effective response to stem borer infestation. When the eggs

hatch and attempt to bore into the plant, it releases a sticky substance

that immobilises the larvae, reducing damage and increasing the

chances that the larvae will be eaten by a predator, such as a bird.

Economic solutions

Solutions

Kenya overcomes
pests and weeds with
ecological solutions
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Solutions

Witchweed control and other benefits of

ecological farming

Beyond controlling stem borers, both plants serve other important

functions.

Desmodium controls witchweed. It does this by acting as a ‘false host’

of the parasite. Witchweed seeds are stimulated to germinate when in

proximity to the desmodium. They seek to attach to the desmodium;

but the legume does not support their continued growth, and the

witchweed dies.

While other legumes are also false hosts of witchweed, for reasons that

are not fully understood, silverleaf desmodium is particularly effective at

reducing and even eliminating witchweed in maize fields. ICIPE

scientists are studying the plant to learn why.

Both desmodium and Napier grass are also useful as animal feed, and

can be harvested by push-pull farmers for sale or to feed to their own

cattle. Once established, both plants grow back to protect the next

crop of maize. Finally, desmodium is a nitrogen-fixing legume that

improves soil fertility, boosting maize yields.

Push-pull has potential to expand to other crops, notably sorghum and

millet, both important African food sources. Research is underway to

adapt the system to these and other crops.

Push-pull is enabling African farmers to overcome some of their most

damaging plant and insect pests in an ecologically sustainable manner.

The system depends on diversity, rather than pesticides and

herbicides, reducing use of chemical inputs and meaning that

established push-pull fields have significantly lower costs to farmers

than conventional maize farming.
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China is the world’s largest rice producer in terms of
harvest and the second largest in terms of acreage
sown; 93% of China’s rice is irrigated. In 2008,
Chinese farmers harvested 193 million tonnes of rice
from over 28 million hectares (IRRI 2009). China’s
high proportion of irrigated rice acreage means that
many of the country’s rice fields are suitable habitat
for domesticated ducks and fish species.
Traditionally, farmers have cared for these species
together, in systems called ‘rice-duck’ and ‘rice-fish-
duck’.

Recent studies indicate benefits of using biodiverse methods in rice

farming in China. These include greater yields, pest and weed control,

disease resistance, increased nitrogen efficiency and reduced output

of greenhouse gases. The studies demonstrate distinct advantages of

diverse systems over monocultures and are an example of how

traditional knowledge fused with modern science solves problems

without genetic engineering.

The rice-duck and rice-fish-duck systems:

controlling weeds, pests and disease

In the systems, ducklings and/or fish are released in flooded rice fields,

growing alongside the rice plants and eventually providing a source of

food. Ducks eat many broadleaf weeds of rice and, through their

walking and swimming, reduce germination of weed seeds (Zhang,

2009). Over four year, ducks were found to control 99% of rice field

weeds (Ju 2008). Ducks also eat insects including the rice planthopper

pest. By controlling pest and weed populations, the ducks reduce the

incidence of rice diseases including sheath blight and stripe (Ju 2008,

Ahmed 2004).

Other agronomic and ecological benefits of the rice-duck and rice-fish-

duck systems are coming to be understood and characterised by

scientists, whose studies are demonstrating that these diverse farming

systems present distinct agricultural advantages over rice

monoculture.

Less need for chemical fertiliser with rice-duck

and rice-fish-duck systems

One problem in paddy rice is retaining nitrogen in the soil. Applied

nitrogen ‘leaks’ from flooded rice through leaching and chemical

processes. This can result in comparatively heavy use of fertilisers to

maintain crop yields, which raises farm costs and can increase

downstream nitrogen pollution. It has been found, however, that the

presence of fish and ducks in rice paddies reduces overall nitrogen

leakage by 5-7% over rice cultivated alone (Li 2008). This increased

nitrogen efficiency can benefit farmers and the environment through

reduced input costs and improved water quality.

Making rice cultivation more climate-friendly

Compared to rice monoculture, the rice-duck and rice-fish-duck

systems have also been found to increase carbon dioxide uptake and

to reduce emission of the greenhouse gas methane (CH4) (Yuan 2008).

Yunnan rice model: more varieties means less

disease and higher yields

Another recently popularised technique, the Yunnan rice model, has

reduced disease losses through the intercropping of diverse rice

varieties in the same field. The technique is effective at reducing loss

from rice blast disease, a particularly destructive fungus that causes

damage on panicles (and leaves), killing them before rice grains form.

To fend off rice blast, farmers in China’s Yunnan Province cooperated

with scientists to develop a system of growing diverse rice varieties

together. By increasing the diversity of cultivars, losses from rice blast

have been reduced, improving yields by as much as 89% in

comparison to single variety monoculture. At the same time as

reducing disease losses, the farmers have conserved the genetic

diversity of local rice types and reduced their use of fungicides (Zhu

2000, 2003).

The Yunnan rice model has proven so popular among farmers that by

2004 it had been adopted on more than 2,000,000 hectares in China

(Xinhua, 2006).

Economic failures 1

Solutions

Benefits of diversity
in rice farming

Table (Adapted from Yuan 2008, figures are the calculated
mean in milligrams per square meter-hour (mg/m2 h).)

System Carbon benefit Reduced methane output

CO2 Uptake CH4Output

Rice 402.70 12.56

Rice-Duck 527.40 9.95

Rice-Fish-Duck 557.39 8.52
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image Hani women at their
rice paddy carrying ducks,
Lao Bo Village, Yunnan
Province, China. Biodiverse
methods of farming, such as
'rice-duck' farming, include
a number of benefits not
present in GE
monocultures.
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