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Summary
A critical analysis of claims that genetically modiﬁed (GM) crops will play a central
role in world agriculture is provided, in the context of current attempts to expand
the market for GM seeds in developing countries.
It is argued that smallholder farmers and consumers in developing countries should
have more say about R&D investments in order to avoid the opportunity costs
associated with misallocation of resources.
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Introduction
Whilst some authors have argued that planting GM crops will be necessary to feed a
growing global population, others have argued that this claim has no scientiﬁc
support, but is rather a reﬂection of corporate interests, led by the world’s three
largest companies utilizing plant gene technology, Monsanto, Dupont and Syngenta,
which now control nearly 70% of global seed sales (Jacobsen et al., 2013).
US agricultural biotechnology company Monsanto’s attempts to position GM crops
as a “pro-poor” technology are not new (Glover, 2010).

However, there has been a new emphasis in the media on GM crops as the solution
to world hunger following the 2008 global food crisis (Stone & Glover, 2011).
Claims that GM crops and foods will beneﬁt poor people in developing countries
merit re-investigation, in the light of the signiﬁcant resources currently being
invested in attempts to expand the market.
This critical review ﬁrst considers the debate regarding current generation GM
crops, already on the market, followed by the issues raised by the promised nextgeneration of GM crops.
Current generation GM crops
Signiﬁcant investment in GM crop research began in the United States, following the
US Supreme Court’s 1980 ruling that genetically-modiﬁed organisms (GMOs) were
patentable and a report by the US Oﬃce of Technology Assessment, which
identiﬁed GM crops as an area that might deliver a variety of new agricultural traits
(OTA 1981).
In 1987, a US National Academy of Sciences report identiﬁed investment in
biotechnology as the key to agricultural innovation and future competitiveness (NAS
1987).
Despite decades of investment by both the public and private sector, commercially
grown GM crops remain largely restricted to the two main traits, herbicide tolerance
and insect resistance (Bt crops), in four main staple crops: soy, maize (corn), oil seed
rape (canola) and cotton.
More recently, herbicide-tolerant GM sugar beet has also been adopted in the USA.
Herbicide tolerant (HT) crops are sprayed with one or more herbicides, which kill
weeds but not the GM crop, the largest market share are crops resistant to
glyphosate (marketed by Monsanto under the brand name RoundUp).
Bt crops use sequences of genes from the soil bacterium Bacillus thuringiensis (Bt)
to express one or more crystal proteins (known as ‘Cry toxins’ or ‘Bt toxins’) which
are toxic to some pests.
The three staple GM food crops are grown primarily in North and South America for
use in animal feed and industrial scale biofuels (agrofuels), whereas GM cotton is
the main crop planted on a commercial scale in India and China.
In the year to 31st August 2011, US- government-subsidised biofuels for the ﬁrst
time overtook animal feed as the main use of domestically-grown maize (Meyer
2011).
US farmers adopted herbicide-tolerant GM crops because of the simpliﬁed
herbicide regime associated with these crops, however the spread of herbicideresistant weeds in North and South America (Sanderman 2006, Binimelis et al. 2009)

is now impacting signiﬁcantly on weed management diﬃculties and costs and
resulting in increased use of glyphosate and other herbicides (Bonny 2011;
Benbrook 2012).
Pests resistant to Bt crops, and increases in secondary pests unaﬀected by the Bt
toxins in these plants, are also beginning to impact on pest management.
Researchers have observed ﬁeld-evolved resistance to Bt crops by corn rootworm
(Gassman et al. 2011); stem borer (Van Rensburg 2007); cotton bollworm (Gunning
et al. 2005; Tabashnik et al. 2008) and pink bollworm in the India and China (Dhurua
& Gujar 2011; Wan et al. 2012).
In China, initial economic beneﬁts in terms of savings in insecticide use with Bt
cotton have been eroded as secondary pests emerged (Wang et al. 2008; Lu et al.
2010; Zhao et al. 2011) and in the USA, western bean cutworm has become an
increasingly important pest on Bt corn (Catangui & Berg 2006).
Resistance also develops to pesticides in conventional farming systems, resulting in
a “pesticide treadmill”, in which resistant pests encourage applications of larger
amounts of current pesticides or the substitution of more toxic pesticides; and a
similar “seed treadmill” has been described in which farmers are increasingly locked
in to purchasing these inputs from oﬀ the farm, rather than saving their own seeds
(Howard 2009).
GM seed prices are signiﬁcantly higher than for non-GM seeds and, in the USA, seed
prices have increased signiﬁcantly as a percentage of operating costs (Benbrook
2012; Bonny 2011).
The beneﬁts to smallholder farmers of adopting crops such as Bt cotton are already
strongly contested (Stone, 2012) although pest resistance to Bt cotton is in its early
stages.
A major concern is that smallholder farmers could be at risk of being locked into a
‘poverty trap’ by GM seed price hikes and the need for increasing amounts of
herbicides and pesticides to tackle weed and pest resistance and shifts in pest
populations. Binimelis et al. (2009) refer to this process in Argentina as a ‘transgenic
treadmill’.
The prevention of seed saving by patenting and licensing agreements is another
major issue for poorer farmers (Oguamanam 2007).
From a commercial developer’s perspective, self-reproducing seeds bypass the
proﬁts that could be realized if farmers continued to buy these inputs year after
year.
Legal strategies to protect intellectual property rights (IPRs) evolved from
protections to certain seeds (e.g., International Union for the Protection of New
Varieties of Plants) to full patent protection for the GM seeds commercialized in the
1990s (Howard 2009; Pardey et al., 2013).

Although earlier plant variety protections allow farmers to save seeds, full patents
prohibit this practice and violators may suﬀer serious ﬁnancial penalties.
The development of corn (maize) hybrids (which do not breed true if seeds are
replanted) initially encouraged the growth of a private corn seed industry, but this
biological approach to controlling replanting has been signiﬁcantly expanded with
the legal approach of controlling IPRs through patenting of seeds.
The consolidation in the global seed industry which followed the introduction of GM
crops is associated with reduced choices including decreasing access to nonpatented (and non-GM) seed varieties for staple crops.
In Europe, public opposition to GM crops began when food products, including
unlabelled GM soya for use in processed foods, began to be imported from the USA
in 1996.
People raised concerns including: why do we need GMOs; who will beneﬁt from
their use; who decided that they should be developed and how; why are we not
given an eﬀective choice about whether or not to buy these products; have the
potential long-term and irreversible consequences been evaluated, and by whom;
do regulatory authorities have suﬃcient powers to eﬀectively regulate large
companies who wish to develop these products; can controls imposed by regulatory
authorities be applied eﬀectively; and who will be accountable in cases of
unforeseen harm? (Marris 2001).
Seventeen years later, there is still no market for GM foods in Europe and only a
small quantity of Bt maize is grown, mainly in Spain, for use in animal feed.
However, grain-fed livestock production in Europe is now depend- ent on imported
feed, much of which is GM.
Controversy remains about potential unintended eﬀects of GM foods on human
health, and the diﬃculties in assessing such eﬀects using short term animal feeding
studies (e.g. Dona & Arvanitoyannis 2009, De Vendômois et al. 2009, Jiao et al. 2010,
Aris & LeBlanc 2011).
There are ﬁve main areas of food safety concern:
* Whether the genetic modiﬁcation itself may make the plant toxic when eaten, or
alter its nutrient content in ways that may be harmful;
* The presence of herbicide residues on herbicide-tolerant GM crops, and impacts
on local populations during spraying;
* Whether the new GM characteris- tic may cause allergies;
* If antibiotic resistance genes are used, whether this will contribute to antibioticresistance;
* Whether the GM process has unin- tended eﬀects on the plant, which may aﬀect
food safety.

Case-by-case risk assessment is generally required by regulators, but since animal
studies cannot reach deﬁnitive conclusions, and new traits can always introduce
new risks, segregation and labeling of GM crops are an important part of risk
management (allowing recalls if anything goes wrong) and are regarded as essential
in many countries to allow consumer choice.
Because GM crops generally command a lower market price, for non- GM farmers
key issues are cross-contamination and liability (Rogers, 2007).
The costs of segregating GM crops fall on conventional and organic farmers, rather
than on those choosing to grow or import GM crops, and thus limit choice for nonGM growers by damaging their markets (Johnson et al. 2005, Belcher et al., 2005,
Munro 2008, Binimelis 2008).
A variety of mechanisms, including seed mixing or cross-pollination (Knispel et al.
2008; Schafer et al. 2011) can spread GM traits and in some cases have caused
major (multi-million dollar) damage to markets for conventional or organic crops
and foods (Smythe et al. 2002).
Farmers and consumers may also choose not to grow or eat GM crops for
environmental reasons.
In the UK, the decision not to grow GM crops commercially followed publication of
the results of the Farm Scale Evaluations (FSEs), which found that growing herbicide
tolerant oilseed rape and sugar beet would be likely to reduce weed food sources
and habitats for birds and other wildlife (Squire et al. 2003).
Long-term environmental impacts of growing GM crops remain controversial and
poorly understood.
For example, the loss of agricultural milkweeds has contributed to a major decline in
the Monarch butterﬂy population in the USA, coincident with the increased use of
glyphosate in conjunction with increased planting of GM glyphosate-tolerant corn
(maize) and soybeans (Pleasants & Oberhauser 2013).
Controversy has also surrounded potential impacts of Bt toxins on non-target
organisms, such as green lacewing and Monarch butterﬂy larvae, and there remain
important gaps in knowledge (Hilbeck & Schmidt 2006; Lang & Otto 2010).
Next-generation GM crops
Salt-tolerant and nitrogen-ﬁxing crops were ﬁrst promised by the US Oﬃce of
Technology Assessment in its 1981 report on genetic engineering of microorganisms, plants and animals (OTA 1981).
In 2010, experts involved in the UK Foresight ‘Global Food and Farming Futures’
project predicted development timescales of a further 5 to 10 years for GM droughttolerance, 10 to 20 years for salt-tolerance and increased nitrogen use eﬃciency,
and more than 20 years for nitrogen ﬁxa- tion in GM crops (Godfray et al. 2010).

Some have questioned whether such complex traits can really be engineered into a
seed, even over these long timescales: multiple genes and gene- environment
interactions are involved and engineering even multiple genetic changes into a plant
may not deliver the desired response to multiple environmental stressors (Flowers
2004; Tuberosa & Salvi 2006; Cattivelli et al. 2008; Sinclair & Purcell 2005).
To date, conventional breeding has been much more successful in improving yields
in high salinity environments, at much lower cost (Ashraf & Akram, 2009).
Both DuPont and Syngenta have announced the successful development of new
conventionally bred drought-tolerant maize hybrids (Berry 2011).
However, Syngenta has stated that it will only market this with two existing GM
traits (herbicide tolerance and pesticide resistance), thus allowing it to claim patent
protection and market the crop with its own-brand herbicide (Ranii 2010).
In a draft assessment of Monsanto’s new drought-tolerant GM maize the US
Department of Agriculture (USDA) has stated that equally comparable varieties
produced through conventional breeding techniques are readily available (Voosen
2011).
There are plenty of other non-GM successes, including drought-tolerant non-GM
maize which has reportedly performed well in studies in Africa (Cocks 2010).
Monsanto has stated that it does not expect new biotechnology traits that
contribute signiﬁcantly to yield to be available for at least another 15 years (Stebbins
2011).
Alternatives
The International Assessment of Agricultural Knowledge, Science and Technology
for Development has highlighted the potential for agro-ecological methods to
contribute to future agricultural production and dietary diversiﬁcation without the
downsides associated with GM crops (IAASTD 2008), as have a number of other
more recent reports (e.g. SCAR 2011).
Research into crop rotation, inter-cropping and other low-input methods has
potential to substantially beneﬁt smallholder farmers in Africa and elsewhere (e.g.
Fenning et al. 2006, Jeranyama et al. 2007).
At the same time, conventional breeding continues to deliver signiﬁcant crop
improvements in areas where suﬃcient investment has been made and new
technologies such as Marker Assisted Selection (MAS) have demonstrated potential
to speed up conventional breeding methods.
Roughly 30 to 40% of food in both the developed and developing worlds is lost to
waste (Godfrey et al. 2010). Important steps could be taken to reduce waste by
improving storage and transport infrastructure in developing countries and tackling
consumer waste elsewhere: this requires alternative investment priorities, for
example in engineering (Institute of Mechanical Engineers 2012).

Discussion
The argument that GM crops are needed to feed the world misrepresents hunger as
being essentially an issue of insuﬃcient agricultural production, rather than of
poverty and unequal distribution of resources (Rosset 2005).
Based on grain consumption ﬁgures calculated by the Food and Agriculture Policy
Research Institute, Monsanto argues that production of grain for animal feed must
increase by 50 mil- lion tonnes a year by 2017/18 to meet the expected increased
demand for grain-fed meat, and by 60 million tonnes a year to meet biofuels
production targets: requiring more invest- ment in intensive agriculture, including
GM crops (Edgerton 2009).
However, the diversion of potential food-growing land to produce industrial-scale
biofuels and animal feed is part of the problem, not the solution, to global hunger
(FAO 2008). At the same time as claiming GM crops are needed to help feed the
world, Monsanto and other companies have been actively lobbying for government
subsidies for industrial-scale biofuels (Anon 2008).
Grain-fed meat production is also signiﬁcantly more resource intensive and
damaging to the environment than pasture-fed meat production, as well as less
healthy than pasture-fed meat: tackling such issues requires fundamental reform of
food and agricultural systems (Lobstein 2004).
Loss of autonomy (i.e. dependence on regulators to assess safety and ensure
choice) has been a key element of consumer rejection of GM crops in Europe, and
loss of autonomy for farmers (including the prevention of seed saving and
dependency on a small number of multinational compa- nies) is a major issue for
developing countries.
The advent of patents on GM plants has contributed to the takeovers and mergers
which have led to consolidation of the seed industry (King JL & Schimmelpfennig
2005).
This has led in a shift in both public and private research toward the most
proﬁtable proprietary crops and varieties and away from the improvement of
varieties that farmers can easily replant; and a reduction in seed diversity, as
remaining ﬁrms eliminate less proﬁtable lines from newly acquired subsidiaries
(Howard 2009).
In addition, research into agricultural systems for crop or animal production has
received minimal funding, as the knowledge cannot be privatised through patenting
(Vanloqueren & Baret 2009).
The patenting system and the reorganisation of research funding systems that goes
with it have their origins in the USA in the 1980s and have been widely adopted in
OECD countries in an attempt to remain competitive in the face of lower labour
costs elsewhere.

It is highly questionable whether this model of innovation and associated economic
development has been successful and whether it is an appropriate model to export
to developing countries.
Appropriate R&D priorities are more likely to result from engaging local people in
decision-making on the ground, bearing in mind that signiﬁcant opportunity costs
can arise from the misallocation of resources.
Conclusions
Promises of a new generation of GM crops, including crops which could grow in
saline environments or ﬁx nitrogen, were ﬁrst made over thirty years ago, by the US
Oﬃce of Technology Assessment.
Signiﬁcant public and private investment has been made in GM crop research
because GM seeds can be patented, allowing a high return on investment due to the
monopoly granted by the ownership of patents.
It is questionable whether a research system driven by the public interest, rather
than by monopolistic commercial interests, would have invested so heavily in this
technology, when conventional breeding, dietary diversiﬁcation and agroecological
methods have generally proved more eﬀective at delivering complex traits such as
drought-tolerance, improved nutrition and increased yields.
A major downside associated with GM crops has been the loss of autonomy for
both farmers and consumers, through the prevention of seed saving via patenting
and licensing agreements, and the loss of consumer choice and dependence on
scientiﬁc risk assessments to determine the validity of safety and health claims.
A number of wealthy western institu- tions are currently promoting the expansion
of GM crops in developing countries.
A major concern is the potential to create a ‘poverty trap’ for poorer farmers as
resistant weeds and pests develop (requiring more expensive inputs and reducing
yields) and as companies introduce seed price hikes as they gain monopoly control
over the seed market.
A key issue is who decides research priorities for Africa: rich western donors with
their own agenda, or farmers on the ground.
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