
Int. Jrnl. of Soc. of Agr. & Food, Vol. 16, No. 1, pp. 1–12

issN: 0798-1759 This journal is blind refereed.

Abstract. Agriculture has always been an important economic activity in Brazil
and is now among the most dynamic sectors in the Brazilian economy. However,
a lot of controversy has risen over the impact of such phenomenon on the Brazilian
Amazon. This paper offers a critical overview of the literature on the expansion of
the Brazilian agricultural frontier, demonstrating its impact on the degradation of
the Amazon forest based on secondary data and institutional document sources.
An overview of the historical development of the Brazilian Amazon basin is con-
ducted by looking in a critical way at some implications of such a phenomenon.
Rather then commenting on an empirical study, the objective of this paper is to
present a theoretical analysis of the models of development adopted for the Ama-
zon region in Brazil, showing the relative importance of different variables and
factors to the depletion of that ecosystem. It is argued that although the figures
show net benefit to the Brazilian economy, the prosperity which is advocated to be
brought by the agricultural explosion favors mostly established elites and vested
international interests, which have contributed to the degradation of the Amazon
forest for a long time. It is suggested that the focus on Brazilian agricultural
growth as the main driver of deforestation of the Amazon has omitted the histor-
ical links to the deforestation problem and the related role of effective
international cooperation.
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Introduction

in 2006 Brazil was the world’s largest net agricultural exporter. Brazil’s agricultural
exports almost tripled from 1990 to 2005, reaching more than us$ 30 billion, making
Brazil the country with the largest agricultural trade surplus in the world (Berthelot,
2005; damico and Nassar, 2007). However, many critics perceive Brazilian agricul-
tural growth as a great threat to the further destruction of the amazônia.1 The
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increasing demand for agricultural commodities, also from fast-growing developing
countries such as China and Russia, increases pressure for production, historically
associated with the expansion of croplands in Brazil, pushing the Brazilian agricul-
tural frontier further into the amazônia.

although figures show net benefit to the Brazilian economy, the prosperity that is
advocated to be brought by the agricultural explosion mostly favors established elites
and vested international interests, which have contributed for long to the degrada-
tion of the amazon forest and of social cohesion in that country. Following the
colonial relation of exploitation, neo-colonialism taking place under global capitalism
continues to take away the richness of Brazil, leaving many Brazilian citizens with
profound social problems while feeding established elites with economic capital and
power. an example of this is the fact that the third and fourth largest exporting com-
panies in Brazil are Bunge and Cargill, both corporations from the usa operating in
the agribusiness and food sector (Brazil international Trade, 2007, p. 98). a critical
analysis of such links can demonstrate the real complexity of the challenge and pro-
vides us with the opportunity to promote actions that truly address the preservation
of the amazon rainforest.

Brazilian Agricultural Growth

Brazil is now one of the most agriculturally competitive countries in the world, show-
ing the increasing importance of its agribusiness over the last decade (Berthelot, 2005;
damico and Nassar, 2007). in 2006, Brazil was the world’s largest exporter of complex
soy products, orange juice, coffee, beef, ethanol, sugar, tobacco, poultry, and a sig-
nificant world supplier of pork, cotton, cocoa, corn and fresh fruit (Ministry of
agriculture of Brazil, 2007). The country also registered its first-ever trade surplus in
dairy products in 2004. Brazil is also a world leader in the production and commer-
cialization of biofuels, being the world’s largest ethanol producer (outlaw et al.,
2007). The exceptional performance of the agricultural sector is shown by its soaring
production, which together with the stagnation of agricultural imports has resulted
in the agricultural trade surplus skyrocketing from us$ 10 billion in 2000 to nearly
us$ 30 billion in 2005 (damico and Nassar, 2007).

The agro-industry in Brazil has experienced explosive growth in the last few years,
especially beef and soybean production. in 2004, Brazil surpassed the us and became
the world’s number one beef exporter. in 2006, Brazil surpassed the us becoming the
world’s largest soybean exporter (Llana, 2007). only in the Brazilian amazon basin
states, soybean production grew as much as 60% between 1998 and 2002. The total
cattle herd in the same region increased from 26.2 million to 51.6 million over the
1991–2001 period (Woods Whole Research Center, 2007).

Part of this astonishing growth can be explained by domestic and international
reasons. domestically, this is evidenced by the devaluation of the Brazilian currency,
the development of new varieties of soybean more resistant to the hot and humid cli-
mate of the amazon region (through heavy investments in research and development
into a premier agricultural research institute called EMBRaPa), and efforts to erad-
icate foot-and-mouth disease in much of the Middle-West and North regions of
Brazil, as indicated by Kirby et al. (2006). internationally, factors such as increased
international demand for beef stimulated by the mad cow disease increased demand
for grass-fed cattle – such as those from most cattle-raising farms in Brazil – alongside
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the increasing demand for soy from developing countries which have been experi-
encing high levels of economic growth, such as China (Woods Whole Research
Center, 2007).

according to the Ministry of agriculture, Brazil’s agricultural exports to China
grew by 22% over the 2005–2006 period alone. developed countries used to be the
main destinations of Brazilian agricultural products, but since 2004 more than 50%
of agricultural exports are destined for developing countries and other non-tradi-
tional export destinations, as reported by damico and Nassar (2007). Even though
the agricultural explosion has brought economic prosperity to the country, many crit-
ics perceive Brazilian agricultural growth as a great threat to further destruction of
the amazon rainforest.

The Expansion of the Brazilian Frontier and the Amazônia

The amazon rainforest covers an area of approximately 5.5 million km2. More than
60% (3.6 million km2) is located inside Brazil, encompassing more than 50% of the
country’s territory. in this article, the Brazilian amazônia is defined as the North
region of Brazil plus northern Mato grosso and western Maranhão (see Figure 1).
The amazônia still comprises 72% of forest-land area, 15% of savanna, 8% of inun-
dated lowland, and 5% of ecological transition area (serrão & Homma, 1993).

The models of development employed in amazônia have had dangerous ecolog-
ical consequences and brought about little improvement to the quality of life of most
people living in the region (Barbosa, 2000; Carvalho et al., 2002; Campari, 2005).
according to Carvalho et al. (2002, p. 36), nearly half of the population of amazônia
still lives below the poverty line. Barbosa (2000) argues that these models have been
implemented by Brazilian technocrats as a way of incorporating amazônia into

Figure 1. Main agriculture development areas in the amazon.
Source: serrão and Homma (1993).
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Brazil’s capitalist economy. in these models, clearing land of jungle and putting it
into production was viewed as development.

until 1996, the federal government stimulated deforestation of as much as 50% of
the land as the main factor for recognizing land tenure (Kirby et al., 2006). Even in
cases where there has been clear evidence of the unsustainability of certain economic
activities, such as the case of cattle ranching for most of the region, it received both
federal economic incentives and investments from abroad (Campuzano, 1979; Cam-
pari, 2005). similar to the americans’ 19th century perception of the West, Brazilians
have perceived the amazônia as an empty wilderness in need of civilization (Bar-
bosa, 2000).

The geopolitical position of the region (sharing borders with eight other countries),
its size and its low population density have been approached by Brazilian planners
with strategies aimed at its vulnerability and economic under-utilization (Carvalho
et al., 2002; Campari, 2005). incentives to encourage colonization and intensive eco-
nomic activities in the region as well as improvement of transport infrastructure were
the government focus throughout the 1964–1985 military dictatorship period (Cam-
pari, 2005). These incentives were highly directed at extensive cattle ranching
projects. in addition, the construction of roads was necessary for the development of
large-scale mining, timber extraction and hydroelectric energy projects undertaken
(Carvalho et al., 2002). Through these economic activities, the government proposed
to produce revenues that would be directed to finance further development and pay-
ment of Brazil’s foreign debt (Barbosa, 2000; Carvalho et al., 2002; Kirby et al., 2006).

The savanna areas, part of the transition zone between the Brazilian Cerrado and
the amazônia, have played an important role in this process. These plain drier areas
along with vast areas of the Cerrado2 are important for agriculture, and they have
been used primarily for pasture and consecutively for mechanized soybean cultiva-
tion, despite their generally poor soils. This region occurs mainly along a band
varying in width between 200 and 600 kilometers. This is where much of the defor-
estation in the Brazilian amazônia has taken place. The band stretches from the
north-eastern state of Maranhão, through Pará, Tocantins, Mato grosso and includes
colonization areas in Rondônia (see Figure 1). The frontier expansion areas and the
government-sponsored colonization areas coordinated by iNCRa (the National insti-
tute of Colonization and Land Reform) came into being in the late 1960s (Barbosa,
2000; Campari, 2005).

The expansion of the Brazilian agricultural frontier has certainly been an important
activity directly contributing to the deforestation of the amazônia (Barbosa, 2000;
Carvalho et al., 2002; Kirby et al., 2006; Wallace, 2007). since colonial times, the set-
tlement of new frontiers has been undertaken to open access to land and other
natural resources. it is assumed that initially (from the late 1960s and throughout the
1970s) high-profile development projects sponsored by the federal government,
along with fiscal and credit incentives for private colonization enterprises, coupled
with the construction of infrastructure (such as hydro-electric dams and roads) were
the main factors affecting the movement of the frontier (Carvalho et al. 2002; Cam-
pari, 2005; Kirby et al., 2006). From the 1980s on, as old colonization areas became
more oriented towards agribusiness farming (Campari, 2005), relative product prices,
factor availability, land and transportation costs are identified as important factors
affecting the movement of the frontier (Kirby et al., 2006).

agropastoral land uses, particularly cattle ranching, and most recently extensive
plantation, especially soybean, have been considered by many critics as the main
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drivers of deforestation. That is clearly observed in the National Geographic issue of
January 2007 that carried the title ‘amazon – Forest to Farms’ for its main article
(Wallace, 2007). The historical role of cattle ranching in amazonian deforestation can
be perceived as resulting partly from favorable international and national incentives
throughout the 1965–1985 period (Campari, 2005), partly from the traditional market
and natural advantages intrinsic to the practice (Kirby et al., 2006).

in this context, international forces played an important role in promoting cattle
ranching as a development strategy for the early stages of colonization of the amazô-
nia (Campari, 2005). one of the examples being the united Nations Food and
agricultural organization (Fao) and the Economic Commission for Latin america
(ECLa) publication in 1964 of an influential report summarizing the international
perspective on the expansion of the Brazilian herd. according to Campari:

The Fao report indicated that while Brazil’s existing productive capacity
was rather low, it had great potential for expansion through the incorpora-
tion of new land and the rationalization of production. The report argued
that overcoming certain bottlenecks, primarily related to credit, would be
essential for Brazil to capture a sizable market share of world beef produc-
tion. This document concluded that beef markets were buoyant and would
continue to expand as national and international demand increased, a ten-
dency that was particularly strong in the mid-1960s (Campari, 2005, p. 31).

another influential document pointed out by Campari (2005) as underlying the pro-
motion of cattle ranching in amazônia during the 1960s (the period when the
governmental strategies for the development of amazônia were first drafted) was
Technology in Australia 1788–1988. The report indicated that Brazil could turn into a
‘premier beef exporter’ if the conditions of credit and better grass varieties were met
(suggesting the use of australian pasture technologies). For Campari, international
agencies such as the World Bank, based on this data, were able to argue that ‘with
the proper technology and better credit lines, livestock represented an excellent
investment for development. as a consequence, during the mid- to late 1960s, finan-
cial resources (national and international) poured into livestock projects, mostly
developed in the amazon’ (Campari, 2005, p. 31).

Even though different analyses have shown that, where credit was available, con-
verting forest to pasture was more profitable than the sustainable use of
already-cleared land, clearing in some areas took place in large agricultural estab-
lishments that received no government subsidies, reflecting the advantages of the
activity to farmers in amazônia (Kirby et al., 2006). These farmers, according to Cam-
pari (2005), are made of colonists (farmers who are original owners of colonization
plots, either sponsored by the government during the 1970s or by private coloniza-
tion companies in response to government incentives in latter years) who stayed on
their plot and were relatively successful in agriculture. some of the advantages of
ranching activity to those farmers are well-established local markets for beef all over
Brazil, turning cattle into a highly liquid investment, and no requirement of transport
infrastructure (cattle can be brought to the market on foot, an important advantage
in a region of difficult access). sales of cattle can be delayed without incurring major
losses, becoming less vulnerable to annual variation in weather than crops. Cattle
grazing is certainly the cheapest and most efficient way of maintaining cleared land,
conferring eligibility for propriety tenure, which has been an important motivation
for much of the cattle ranching in the region (Mertens et al., 2002; Kirby et al., 2006).



6 Tiago E.G. Rodrigues

‘Land abundance and labor scarcity encouraged low-technology, low-capital activi-
ties with few labor or infrastructure requirements, such as cattle ranching’ (Carvalho
et al., 2002).

However, in the last 10 years the importance of soy farming as a land-demanding
economic activity has dramatically increased (Fearnside, 2001). although soy pro-
ducers have historically been concentrated in southern and central Brazil,
agricultural financing and increasing product price have fostered the rapid expansion
of the soy industry in Brazil, pushing the frontier northwards into cheaper land in
the amazon forest (Fearnside, 2001; Kirby et al., 2006). Furthermore, the problem here
is not only related to the actual land used by soybean production, but extends to the
impacts brought about by the displacement of small farmers, whose cleared lands
are cheaply bought by wealthy soy farmers (depending heavily on agricultural
inputs and machinery, soy farming in Brazil is the domain of wealthy agribusiness-
men, being associated with extreme income concentration). as a result, small
proprietors are displaced to urban areas or to new frontier areas. This process gen-
erates either the increase in social problems in the outskirts of urban areas or
reinitiates the process of land establishment further into forest areas. as pointed by
Campari (2005), much of the migration flow in the amazon region in the last 15–20
years has been intraregional, rather then the original interregional flow between
southern and north-eastern Brazil and the north-western amazonian region during
the 1960s and 1970s.

soy production in the amazon region has also put pressure on the opening and
paving of further roads in the region, exactly the factor most strongly related to defor-
estation, according to diverse critics (Barbosa, 2000; alves, 2001; Carvalho et al., 2002;
Kirby et al., 2006). as soy is a major source of foreign currency for Brazil (damico
and Nassar, 2007), the needs of the sector have been used to justify many controver-
sial transport infrastructure projects taking place in amazônia, such as Cargill’s grain
terminal on the margins of the Tapajós River (subject to embargo by Brazilian envi-
ronmental authorities). The grain terminal was built by the North american
corporation and has operated since 2004 without a thorough assessment of the envi-
ronmental impacts of a project of such magnitude, as required by the Brazilian
Constitution. Experts have alerted to the negative impact of the project on the inten-
sification of deforestation of amazon forest in that region (greenpeace, 2007). since
2000, when the construction started (already under legal actions from Brazilian gov-
ernmental authorities), instead of adjusting its export operations to the Brazilian
environmental laws, Cargill opted to exploit loop-holes in the Brazilian legislation to
gain time through a long judicial battle, enabling the construction and operation of
the terminal in amazônia. The long judicial battle culminated in the grain terminal
embargo of March 2007 by Brazilian environmental authorities and the interruption
of activities of the North american corporation in the region until the conclusion and
approval of the environmental impact assessment and report, the Eia-Rima (Min-
istério Público Federal, 2007).

strong export markets for soybeans and cattle (activities which most frequently
favor the wealthy large-scale farmers part of the Brazilian elite and international food
companies) can continue to provide strong incentives for future deforestation of
amazônia. The rationale behind the integration plans for amazônia has shifted from
geopolitical (as they were in the military period) to economic. Nevertheless, the
potential for environmental impact posed by recent development projects in amazô-
nia under this circumstance can achieve an even larger scale than that of past policies.
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Plans of projects such as avança Brasil – which in the 2000–2003 period included over
us$40 billion in infrastructure projects for the amazon region (Fearnside, 2002) –
have the broader aim of integrating amazônia into global markets (Carvalho et al.,
2002).

A Challenge and an Opportunity

The expansion of the agricultural frontier in amazônia brings new challenges to
development and conservation in the region. The capitalist forces driving forest
destruction have become more powerful, indicating that if the current trend contin-
ues, we are likely to repeat the most developed countries’ legacy of agricultural
replacement of forests and ecosystems. in the regions of amazônia where cattle
ranching and soybean are lucrative it will be difficult to prevent forest degradation
purely through command-and-control approaches (Barbosa, 2000; Kirby et al., 2006).

Cereal grains make up about 80% of the world’s food, and according to the Food
and agricultural organization from the united Nations (Fao, 1961–1999) food per
capita has been declining since 1984, based on available cereal grains. Even though
grain yields per hectare are still increasing in both developed and developing coun-
tries, the gains are slowing down while the world population continues to increase
(Fao, 1961–1999). The increasing rate of soil degradation around the world pointed
out by Pimentel and Kounang (1998), combined with population growth, will create
further pressure for additional land for crops and cattle ranching to supply interna-
tional markets, possibly generating further degradation of the Brazilian Cerrado and
amazônia.

Protection of amazônia’s ecosystem as well as of the environmental services it pro-
vides to society will require fostering a sustainable development model that
promotes the rational use of its great resources. Not only the ones we can extract, but
also the ones we benefit from having the forest there, such as carbon storage, conser-
vation of biodiversity, the regulation of regional hydrological cycles (Fearnside, 1997),
which are environmental services of local and global importance. Most of all, it
requires a development model addressing issues which have always been clearly
connected to the degradation of primary forests in Brazil: the latifúndio3 and its
export-oriented agricultural production model. according to McMichael (2000),
under the pressure of debt rescheduling and market reforms imposed by interna-
tional financial institutions, agricultural regions across the developing world,
traditionally used for subsistence agriculture, have been reshaped into agro-export
platforms. That is certainly a reality for much of agriculture developed in amazônia.
This signals an underlying historical process at work: a vicious relation of supplying
raw materials and agricultural goods to core countries. a process that can be contem-
porarily evidenced on ‘a widespread subordination of producing regions to global
production and consumption relations organized by transnational food companies’
(McMichael, 2000, p. 23).

Furthermore, the increasingly complex international system limits the autonomy
of individual nation-states and, in this context, environmental rights – arguably an
evolution of social citizenship rights, as they are ultimately related to the welfare of
citizens (the kind referred to by T. H. Marshall) – face the challenge of an interna-
tional order structured by agencies over which citizens have minimal control
(Newby, 1996). ‘The international agencies that comprise this global system not only
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lack legitimacy but respond only slowly and imperfectly to the changing demands
of a disenfranchised and fragmented citizenry’ (Newby, 1996, p. 214).

sustainable development is perceived as providing us with ‘a sense of ecological
rationality to balance against the irrationality of capitalism itself: the irrationality of
sacrificing vital ecosystems such as the amazônia for the sake of consumerism’ (Bar-
bosa, 2000, p. 12). Environmentalism and the concept of sustainable development
have provoked a greater recognition of the fact that economic wellbeing does not nec-
essarily promote civility or social cohesion (Newby, 1996). in this context, in spite of
its limitations, sustainable development presents an alternative paradigm to chal-
lenge legitimately the prevalence of ‘business as usual’ and ‘predatory capitalism’,
which has been guiding our way of living and shaping our relationship with the
environment since the European expansion of the ‘long-sixteenth century’ (1450–
1650) (Barbosa, 2000, p. 16).

Colonialism modified how people in the periphery (colonies, most part of what
today is known as countries from the south) perceived themselves. at the same time,
parts of the New World were incorporated into the European economy; not only did
the traditional way people connected themselves to environment change, but also
their culture and aspirations were transformed. The European ideas of progress and
modernization advanced to the new colonies placed Europeans at the top and the
natives at the bottom (Barbosa, 2000). ‘While Europeans had access to wealth, pres-
tige, and power, the locals worked in manual jobs often catering for the needs of
colonial masters’ (2000, p. 20). Brazilian natives fast associated better life with being
westernized, with following those cultural principles of progress advanced by the
colonizers. By the time colonies gained their political independency, European ideas
of modernization were already intrinsic to the way of thinking of the people in the
colonies; these would often look to the West for their model of economic develop-
ment (Barbosa, 2000).

as stated by Barbosa (2000, p. 20), ‘political independence for the former colonies
did not translate into economic independence, since they continued to be peripheries
in the capitalist world-economy. Colonialism transformed itself into neo-colonialism’.
The majority of peripheral countries (ex-colonies) were already part of a vicious rela-
tion of supplying raw materials and agricultural goods to the core countries
(ex-colonizers), and that is how the majority continued to participate in global capi-
talism – under continued economic exploitation. differently affecting world regions,
this circumstance has shifted agriculture from its historical role of anchor of societies,
states, and cultures into a component of corporate global sourcing strategies
(McMichael, 2000).

as observed by Haila (1999, p. 45), the European colonial expansion was a bench-
mark process which ‘brought all continents within the same sphere of influence and
power’, and once began it kept on going like ‘an avalanche’, and is still ongoing.
some nations attempted to escape this condition through industrialization, achieving
different degrees of success (in the cases of the usa and Mexico). in Brazil, this came
under the idea of import substitution, aiming to create and protect local industries
that would eventually replace imports and foment local markets (Evans, 1979; Bar-
bosa, 2000).

industrialization involved the creation of infrastructure to support local industry,
including roads and hydroelectric dams, and the development of such infrastructure
in a continental-sized country as Brazil depended on foreign capital (Evans, 1979).
Brazil-dependent development achieved significant levels of industrialization by bor-
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rowing heavily from international institutions, and the country’s achievements con-
tinued to rely mostly on international capital to finance development projects such
as the ones in amazônia.

The economic growth policies chosen by the [dictatorship] government
[period when the colonization of the amazônia intensified, as well as its
impacts on deforestation] relied heavily on international borrowing,
increased participation of transnational capital in the economy, and expan-
sionist monetary and fiscal policies [forwarded by the institutions lending
the funds for many of the high-profile development projects taking place in
amazônia] (Campari, 2005, p. 29).

Brazil’s international debt has historically not only promoted profound social effects,
such as exacerbated poverty, but also had environmental implications. its natural
resources have been depleted and cheaply sold in international markets in order to
obtain hard currency to service its debt (Barbosa, 2000; Kirby et al., 2006). according
to Kirby et al. (2006), in 2002 alone, debt-service payments managed by the govern-
ment were equivalent to 69% of the country’s export earnings. Much of the money
which could have been invested in improving the quality of life of citizens – in health
and education for instance, social rights already consolidated elsewhere but not for
the case of many Brazilian citizens – has instead made richer and more powerful the
established Brazilian elite (historically represented by the latifúndio) and core coun-
tries where the transnational companies operating in Brazil are from.

in addition, world-systemic organizations such as the World Bank and the iMF –
which naturally represent the interest of the core countries that finance them and
therefore have majority voting power – have made the adoption of global capitalist
tenants a requirement for a country to receive economic assistance (Barbosa, 1993).
in fact, according to the Third World Network (2001), the Bretton Woods institutions,
especially the iMF, have led many southern countries into ineffective macro-eco-
nomic policies adverse to the environment. These policies have destabilized national
economies and aggravated social conditions, which in turn have put pressure on
resource management.

These multilateral organizations have kept national governments busy positioning
themselves within a global market order under continuous currency credibility spec-
ulation (McMichael, 2000). This pursuit of globalization ultimately expresses the
crisis of development, as pointed out by McMichael (2000, p. 22): ‘an exclusive global
process premised on eliminating the social gains of citizenship and of national devel-
opmentalism’. Clearly illustrating what takes place in amazônia, the expansion and
dominance of an export-oriented agribusiness model has advanced to the detriment
of quality of life and the displacement of small, subsistence farming with the corre-
lated intensification of social problems provoked by such migration instability.

it is not the case that these institutions are responsible for the environmental prob-
lems in Brazil as a whole, but their disregard for environmental consequences
through their development assistance and macro-economic policies have exacerbated
and accelerated them. ‘Their financing of environmentally destructive projects in the
name of capitalist development makes them systematic agents of destruction’ (Bar-
bosa, 2000, p. 21). as to better address the environmental problems taking place in
amazônia, a critical perspective which accounts for the issues previously mentioned
is vital. ‘since this dilemma was created by the expanding frontier of global capitalist,
solutions will require global changes’ (Barbosa 2000, p. 25). What is attempted here
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is not to say that the international community has the whole of responsibility for
what is taking place in amazônia. instead, it is attempted to show that without inter-
national cooperation in mitigating the deforestation of the amazon forest, by
addressing the whole of the issues underlying the problem, Brazilian actions to over-
come such a trend have little effect of achieving the preservation of such an important
ecosystem for world society. as stated by Newby (1996, p. 219), ‘the problem with
the global commons [the Earth’s biosphere and so on] is, therefore, inseparable from
that of handling effective international co-operation’.

To say the Brazilian agricultural explosion is the greatest threat to the preservation
of the amazônia is to look at ‘the tip of the iceberg’. The basis of the problem must
be critically analyzed. after a long period of military inertia (from 1964 to 1985),
Brazilian society is awakening to the problem, but local isolated achievements have
little chance of changing a world-systemic pattern. Currently, experiments are taking
place in many parts of the amazônia focusing on alternative agricultural and devel-
opment practices. Examples include the sustainable management of forests for timber
and non-timber products, ecotourism, and the establishment of landowner-level pay-
ments for biodiversity conservation and carbon storage (Carvalho et al., 2002; Kirby
et al., 2006). These initiatives promote forest-dependent land uses that provide liveli-
hood to local inhabitants and, at the same time, incentives for conservation. However,
due to the lack of international funding they are still happening at a small number
(Kirby et al., 2006). different researches have examined the benefit-cost ratio of pro-
ceeding with export-oriented development projects in relation to the returns of
preserving amazonian forest. it has been suggested that with the due development
of international carbon-trading mechanisms, investing in the protection of the carbon
stocks and biodiversity of the amazon might be socio-economically profitable for
Brazil in the long term (Fearnside, 1997; Carvalho et al., 2002).

However, preserving the forest is an expensive activity in the short term at a time
of strong market demand for Brazilian agricultural products. as pointed by Paulo
Moutinho, Research officer of the iPaM (institute of Environmental Research of the
amazon), the most recent decline in the deforestation rates of the amazon has ben-
efited the whole world, but there has been no international compensation for such
effort. in his own words, ‘our efforts in providing a service to the whole planet by
reducing deforestation and consequently carbon emissions seem not to have any
value right now’ (Moutinho, 2007; author’s translation). a fact that discourages fur-
ther action.

if it is the Brazilian option to preserve a resource of global importance, incurring
economic drawbacks, it must be compensated. if the reductions in carbon emissions
promoted by the Brazilian government through decreasing deforestation were com-
pensated through an international mechanism, the revenues would be millions, if not
billions of dollars (Moutinho, 2007). This could in turn be invested in further devel-
opment of sustainable projects and forest monitoring. according to Moutinho (2007),
it must be understood that the option for development based in forest preservation
represents to Brazil an effort as great as that of developed countries towards changing
from a fossil-based energy model. in this sense, Pearce et al. (1989) argue that global
environmental change presents the special challenge of which no one country alone
can prevent the impacts – in our case of the depletion of the amazônia. as stated by
Newby:
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Not only are the costs high in relation to consumption patterns, technolog-
ical change and trading competitiveness, but there are obvious free-rider
incentives to avoid such costs yet share in the benefits of the actions of oth-
ers. Conversely, attempts to conserve resources or to cope with negative
externalities will almost inevitably confront the problem of gross inequality
in levels of exploitation and demands for redistribution – whether between
North and south, or, in the short term, East and West (Newby, 1996, p. 219).

Conclusion

This paper offered a critical overview of literature on the expansion of the Brazilian
agricultural frontier showing some of the incentives that have historically led to
deforestation of the amazônia by landholders. it suggested that factors related to
strong export markets for soybeans and cattle may continue to provide incentives to
deforestation in Brazil in the future. Current incentives to deforestation are perceived
as being provided directly by transnational corporations as well as by Brazilian and
international institutions. But what would be the interest of the Brazilian government
in this destructive development model? Political pressure to fulfill campaign prom-
ises and clientelism (which favors the Brazilian elite established since colonial times),
but certainly the foreign earnings which such export-oriented model generates. it is
important to note that many politicians crafting environmental policy in Brazil are
holders of latifúndio (sometimes representing generations of an elite), and the role of
personal interest in keeping such pattern should be taken into account.

Throughout this paper, it has been suggested that, even though the Brazilian agri-
cultural explosion is the front of deforestation, it is ‘the tip of the iceberg’. if we are
to make the changes necessary to preserve the richness of the amazônia and its
importance to the global environment, we must start addressing issues such as
export-oriented agricultural production (controlled by transnational corporations),
land reform in Brazil, North–south economic exploitation, as well as fostering sus-
tainable agricultural practices and operationalizing transparent international
mechanisms of funding for preserving primary forests. our chances of overcoming
the challenges and making the most of a sustainable development model rely on a
critical analysis of such issues.

Notes

1. This article uses the Brazilian native name amazônia to refer to what the international community
calls the Brazilian amazon basin.

2. Located in Brazil’s central high plains region, the Cerrado is a tropical grassland savanah covering
over 2 million km2. it is considered to be the world’s most biologically rich savannah.

3. Latifúndio in Portuguese originates from the ancient Roman expression latifundia (Latin: lātus, spacious
+ fundus, farm, estate), which in its origin refers to great landed estates specializing in agriculture des-
tined for export.
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Abstract. Significant structural changes have accompanied the phase-in of a
national organic standard in the United States over the last decade. The organic
processing sector was particularly amenable to change due to its location down-
stream from production, where concentrations of capital encounter fewer
biological barriers, and currently benefit from greater economies of scale. Consol-
idation of this emerging industry in the US and neighboring Canada is
characterized visually using information graphics. These graphics provide a broad
overview of the current industry structure by depicting the processes of horizontal
integration and concentric diversification. Horizontal integration has occurred
through acquisitions and strategic alliances, although these transactions are often
hidden from consumers through ‘stealth’ ownership. Concentric diversification
has occurred through the introduction of organic versions of mainstream brands,
and the introduction of private label organics. These trends are expected to con-
tinue, and strongly support the conventionalization thesis as it applies to off-farm
segments of the organic food industry.

Introduction

The North American organic food industry has undergone tremendous structural
changes in the past decade. A US national organic standard was implemented by
2002, replacing the previous ‘patchwork’ of differing state and regional standards
(Fetter and Caswell, 2002). Numerous analysts, including critical social scientists and
organic movement participants predicted that the change would facilitate increasing
involvement by larger capitalist firms in this rapidly growing and high profit margin
industry (Buck et al., 1997; Benbrook, 1998; Imhoff, 1998; Ikerd, 1999; Allen and
Kovach, 2000; DeLind, 2000). This trend was expected to occur at every stage of the
organic food system as a strategy for capital accumulation, despite its origins as a
form of resistance to the industrial model of food production (Guthman 2004a).
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Buck et al.’s (1997) study of the organic vegetable commodity chain of Northern
California in the mid-1990s characterized the processes of appropriationism and sub-
stitutionism (Goodman et al., 1987) that they observed in this sector as
‘conventionalization’. Buck et al. emphasized that the penetration of agribusiness
into what was once an alternative food system was most advanced in ‘near- and off-
farm activities’ (1997, p. 4), such as processing, distribution and retailing. They also
described the theoretical basis of the barriers to on-farm conventionalization, such
as the extensive amounts of land and time required, and the high level of risk due to
biological factors like pests and weather (Kautsky, 1899; Mann and Dickinson, 1978;
watts and Goodman, 1997). Buck et al. (1997) noted that the practices codified in
organic standards, such as the prohibition of synthetic pesticides and fertilizers, pre-
sented perhaps even greater barriers to concentrations of capital at the farming stage
when compared to conventional agriculture. They concluded that ‘the processing,
distribution and marketing links in the (organic) commodity chain’ (1997, p. 17) were
likely to be more susceptible to conventionalization in the future.

recent studies of the organic industry have tended to examine changes in farm-
level production and consumer motivations, rather than intermediate stages of the
commodity chain. A growing number of researchers have empirically tested the
validity of the conventionalization thesis inside the farmgate, such as the predicted
bifurcation of organic farming into industrial and artisan production, particularly for
regions outside of the state of California (for reviews, see Lockie et al. 2006; Con-
stance et al., 2008; Tomlinson, 2008). This debate has centered on just one part of the
overall thesis, however (Guthman, 2004b).

This article instead examines changes in an off-farm segment of the organic food
system: the organic processing sector in the US and Canada. I focus on the consoli-
dation that has occurred, identifying the firms utilizing the strategies of horizontal
integration (through mergers, acquisitions, and strategic alliances) and/or concentric
diversification (through introductions of organic versions of mass-market brands and
retailer/distributor private labels) to concentrate power and control in this sector.
organic processing is interesting, because it involves a much greater number of firms
than distribution and retailing – by the time the US Department of Agriculture
(USDA) standards were implemented, organic distribution was dominated by United
Natural Foods and Tree of Life, and organic retailing was dominated by whole Foods
and wild oats. North America was selected as the region of interest due to US gov-
ernment involvement in creating a uniform standard, in contrast to the European
Union where most countries allow non-governmental certification organizations to
offer their own interpretation of EU minimum standards (Dimitri and oberholtzer,
2005).

This analysis also highlights the further erosion of two potential barriers to capital
accumulation in off-farm segments of the organic industry that were identified by
Buck et al. (1997, p. 15): 1) its ‘social movement’ character, and 2) consumer demand
for alternatives to mainstream agribusiness practices. A national organic standard in
the US established a lowest common denominator set of requirements and elimi-
nated competition for the most stringent level of certification. Previously, the most
credible certifiers were those with the strongest social movement orientations, but
this distinction, as well other forms of grass-roots engagement with the meaning of
‘organic’ have been greatly reduced with USDA control of the word itself (DeLind,
2000; Guthman, 2004a; Boström and Klintman, 2006). Meanwhile, consumer
demands for alternatives have been blunted because the process of conventionaliza-
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tion is well-hidden from them through practices such as ‘stealth’ mergers and acqui-
sitions. In addition, some acquiring companies have co-opted the discourses of their
organic brands as alternatives to agribusiness as usual and use them in their market-
ing practices to increase sales of non-organic products. This gives consumers the
illusion that their alternative options are increasing in the marketplace, even as they
are narrowing with respect to many ideals.

Methods

I examine consolidation in the North American organic industry with information
graphics, to represent the process visually. Such graphics can be used to assist cog-
nition, particularly to identify patterns. They make use of pre-attentive processing,
the capacity of our sense of vision to take in large amounts of information even before
paying conscious attention. For example, it is far easier to note differences when they
reflect color, size, position or other pre-attentive cues than when they are simply
numeric, as in a text-based table (Tidwell, 2005). Information graphics are particularly
useful for analyzing structural change in industries as they help researchers (and the
public) to quickly comprehend their broad scope, as well as the specific events that
contribute to these trends.

The graphics I use to depict consolidation in the North American organic process-
ing industry focus on the two main strategies identified in this sector: 1) horizontal
integration, through mergers, acquisitions and strategic alliances; and 2) concentric
diversification, or introducing certified organic versions of related, existing products.
Both can be used by firms to consolidate their control into relatively stable oligopolies
(heffernan, 2000). I devote less attention to two other strategies firms use to dominate
industries: 1) off-farm vertical integration, which is currently less common in the
organic processing sector; and 2) globalization, which extends beyond my regional,
North American focus and has been recently been examined in this industry by oth-
ers (raynolds, 2004; Murphy and Trauger, 2006).

The decade 1997 to 2007 was selected as the study period, beginning with the year
that the US Department of Agriculture published the first draft of a national stan-
dard. Although Canada introduced its own national standard later (phased-in from
December 2006 to December 2008), it was included due to its proximity to the US and
its structural similarities. Canada is an important export market for many US-based
organic food processors and because several Canadian processors have become dom-
inant suppliers to the US market. Analysis was limited to organic foods that undergo
at least minimal processing from a raw form – excluding most fresh fruits and veg-
etables, but including bagged salads and carrots, dairy products and meat, as well
as frozen and shelf-stable foods and beverages. These products are better suited for
off-farm strategies of accumulation because of greater durability (Friedmann, 1992),
more advantageous economies of scale, and often more substantial marketing efforts
(e.g. brands) than untransformed foods (Buck et al., 1997).

Unless noted, data are from company press releases, annual reports and web sites,
as well as the business press and trade journals. They were verified by a corroborat-
ing source if not announced directly by the companies involved. The data were
obtained primarily by examining annual reports and press releases from the largest
food processors in North America, or by extensive keyword searches in search
engines (e.g. ‘organic acquisition’, ‘organic merger’). This information is therefore
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comprehensive with respect to the largest firms, but is likely to exclude changes
involving smaller, regional organic food processors.

Horizontal Integration

while horizontal integration has occurred throughout the processing industry, I
divide the analysis of these changes into two parts. The first focuses on acquisitions
and strategic alliances involving the 30 largest food processors in North America,
while the second focuses on other significant transactions.

Horizontal Integration by the Top 30 Food Processors

Figure 1 shows acquisitions or other relationships among the 30 largest firms in the
North American food processing industry by sales, with their rank determined by
Food Processing Magazine (Fusaro, 2007) in parentheses. one-third of the top 30
firms (represented as larger circles) have acquired organic brands (represented as
smaller ovals) in the past decade. In addition, heinz purchased a 19.5% stake in hain
(now hain Celestial) in 1999, but liquidated this investment in December 2005. hain
used the capital acquired from its initial public offering in 1997 to grow to its current
size as the 85th largest food processor, in part through dozens of mergers and acqui-
sitions involving organic and natural brands. Cargill has also become involved in the
industry through strategic alliances with hain Celestial and French Meadow to incor-
porate nutritionally enhanced organic ingredients in processed foods. French
Meadow, a bread manufacturer, was later acquired by 40th ranked rich Products
Corporation.

Most acquisitions of pioneering organic food processors and their brands occurred
between 1997, when the first draft of the US national standard was released, and
october 2002, when an 18 month phase-in period was completed. Although the
enabling legislation was passed in 1990, the USDA moved very slowly to implement
it. releasing a draft signaled that the agency was finally moving toward harmonizing
what had previously been differing state and regional standards, which would have
the effect of reducing transaction costs for nationally and internationally distributed
organic products (Fetter and Caswell, 2002). It also indicated that the once margin-
alized organic sector had achieved some measure of legitimacy from the federal
government. A USDA accredited label was expected to increase consumer confidence
and facilitate continued rapid growth in sales. This was particularly true for
processed foods, for which a four-level labeling scheme was developed, based on the
percentage of organic ingredients (Batte et al., 2007).1

Although a few key acquisitions by larger processors had taken place previously
(most notably 43rd ranked J.M. Smucker’s acquisitions of organic juice brands r.w.
Knudsen in 1984, Santa Cruz organic in 1989, and After the Fall in 1994), the late
1990s saw a greatly increased level of merger and acquisition activity. This coincided
with a wave of consolidation in nearly all sectors of the economy, at levels that had
not been seen since the early 1900s (Du Boff and herman, 2001). In the organic pro-
cessing industry the peak of acquisitions occurred in 1999. That year saw the
acquisition of Cascadian Farm and Muir Glen by General Mills for example, for an
estimated $70 million. Cascadian Farm’s parent company had acquired Muir Glen
the previous year. By this time, it had grown from its origins as a collective farm in
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the 1970s to an industrial-scale processor with significant capital investment (Pollan,
2001). other major transactions that year included heinz’s investment of $100 million
in hain, and Kellogg’s purchase Morningstar Farms/Natural Touch, makers of veg-
etarian meat substitutes (some organic), for $307 million.

The sale prices for these acquisitions were typically on the order of two times
annual sales, which is quite high for the food industry. rapidly growing premium
ice cream maker Ben & Jerry’s (though not carrying organic product lines at the time)

Figure 1. horizontal integration: top 30 food processors in North America.
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for instance, was acquired by Unilever for less than 1.4 times annual sales ($326 mil-
lion) in 2000. The next year, George Southworth, CEo of a cooperative distributor
said, ‘Current valuations on many larger natural/organic entities are too high to
make sense in the public financial markets but may make sense to large conventional
food companies with large cash flows seeking entrance into a high margin industry’
(Southworth, 2001). These inflated amounts represented a premium for brand iden-
tity, which has become increasingly more valuable than tangible things, such as
manufacturing plants, in all sectors of the economy, including food (Lyson and
raymer, 2000; Pritchard, 2000). one reason why many multinational corporations
were so willing to enter the industry in this manner was that they did not have the
knowledge and/or relationships to jump directly into organic processing on their
own. But perhaps the more important reason was the perception that many organic
consumers do not trust the integrity of the transnationals’ brands. Leading organic
food retailer whole Foods, for example, decided not to carry the Nature’s Farm brand
of organic chicken introduced by Tyson, as it was too clearly associated with this con-
ventional meat processing giant (Krall, 2003).

Given the apparent skepticism the most committed organic consumers express
toward large corporations, it is not surprising that very few of the brands in Figure
1 make their ownership ties apparent on the label. This has been described as ‘stealth
ownership’ (Sligh and Christman, 2003, p. 19). For instance, most General Mills
brands have a prominent ‘G’ logo on their packaging, but Muir Glen and Cascadian
Farm products do not. A General Mills executive explained, ‘To the organic con-
sumer, the heritage of Cascadian Farms has more equity’ (helliker, 2002, p. B1).
Among the acquiring firms in Figure 1, only hain Celestial identifies corporate
parentage in the fine print of its organic brand packaging (this exception is likely due
to its origins as a natural/organic company, and despite the fact that it now has
annual sales of $1 billion). Yet, unlike Tyson’s Nature’s Farm brand, all of these
stealth brands continue to be sold by whole Foods. Another typical feature of organic
branding, even among the most massive firms, is to represent pastoral or environ-
mental ideals. horizon, which has been boycotted by a number of retailers for its
nominally organic feed-lot dairy practices, for instance, depicts a smiling cartoon cow
in front of the planet Earth on its milk cartons (DuPuis, 2000). 

horizon developed this label (and built operations with 4,000+ cows) before being
acquired by Dean Foods for more than $200 million in 2004. Dean was the winner of
the race to consolidate the conventional US dairy industry in recent years, with
annual sales that are now more than $10 billion (hendrickson et al., 2001; hendrick-
son and heffernan, 2007). They eased into organic operations though, starting with
a 13% stake in horizon in 1998. By the time of the complete takeover, Dean had
acquired Alta Dena, and horizon had acquired The organic Cow of Vermont, result-
ing in a claimed share of more than two-thirds of supermarket sales of organic milk.
Dean followed a similar strategy with white wave, which claimed an 85% share of
refrigerated soy-based milk-substitute sales in 2003 through its Silk brand (Silver-
stein, 2007). The dairy giant acquired a 36% stake in this soyfoods company for $15
million beginning in June 1998, and the remainder for $189 million in May 2002 (Fro-
martz, 2006).

By the end of 2002, when the national standard went into effect, there were few
pioneering food processors of sufficient scale left to acquire. The growth of the
organic industry encouraged new entrants at smaller scales during that period, how-
ever. By 2006, some had grown large enough to attract buyout offers, whether or not



Consolidation in Organic Processing 19

that was their original intent. A more limited, second wave of acquisitions is currently
occurring, as the top 30 processors continue to increase their holdings in the organic
industry. Examples include hershey’s acquisition of 2001 start-up Dagoba (organic
chocolate) in 2006, Kellogg’s take-over of 2002 start-up Bear Naked (organic granola)
in 2007, and ConAgra’s buy-out of 2002 start-up Alexia Foods (organic frozen foods)
in 2007. Interestingly, all of these continue the pattern of stealth ownership, with
folksy founding stories and no mention of corporate parentage on their respective
web sites. Bear Naked’s web site even has a detailed time-line of the company history,
beginning with the two founders meeting at age 11, then tracing their initial $7000
self-financing and growth (supplemented by 0% interest credit cards), but ending just
before their sale to Kellogg (Bear Naked, 2008).

Horizontal Integration by Other Firms

Figure 2 indicates the strategy of horizontal integration on the part of firms that are
not among the top 30 food processors, including acquisitions made by foreign-owned
firms (with location of headquarters in parentheses) and venture capitalists (medium-
gray larger circles). This chart also gives some indication of globalization in the
organic processing sector. For example, the French company Danone, makers of Dan-
non yogurt, acquired a 40% stake in Stonyfield Farm organic yogurt, increasing it to
85% in 2004 (all non-employee owned stock). A Korean firm, Pulmuone, converted
a strategic alliance with the brands wildwood and Midwest harvest (merged in 2001)
to full equity in just over two years, from 2004 to 2006. oregon Chai is now owned
by an Irish company, the Kerry Group. Though not shown in this figure, companies
based in the US have also expanded globally. Before being fully acquired by Dean,
horizon developed a strategic alliance with rachel’s organic, the UK’s first certified
organic dairy, to introduce new products. At the time, rachel’s organic was owned
by a joint venture between UK-based Dairy Crest and France’s Yoplait. Yoplait was
itself 50% owned by a private equity firm. The rachel’s brand is now fully-owned
by Dean Foods.

rachel’s also illustrates a profitable trend on the part of acquiring companies:
extending an ‘organic’ brand identity into cheaper non-organic products, banking on
the fact that consumers are unlikely to continually check the ingredients list. Dean
drew some criticism for using this strategy with rachel’s brand yogurt (Dairy Indus-
tries Journal, 2007), but other examples, such as Dean’s Silk, Danone’s Stonyfield, and
Coca-Cola’s odwalla, have received much less attention. odwalla is perhaps the
most egregious case. Their ‘odwalla organics’ brand has disappeared from store
shelves, and they are now estimated to use less than 5% organic ingredients for the
entire line (Nutrition Business Journal, 2006). It should be noted that not all compa-
nies in Figures 1 and 2 have reduced their commitment to using organic ingredients,
and a few have even increased them. Natural Selection Foods, a partnership formed
by the founders of organic brand Earthbound Farm and conventional produce giants
to market bagged leafy greens, has recently converted from mixed operations to
100% organic (Fromartz, 2008).

while much of the change in the organic processing sector involves horizontal
integration, some firms, such as the Canadian corporation Sunopta, are also engag-
ing in vertical integration. In addition to the brands shown in Figure 2, Sunopta has
acquired other firms in the sourcing, processing, packaging and distribution sectors.
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It recently completed the purchase of Tradin, ‘one of the world’s leading providers
of globally sourced organic food ingredients’ (Sunopta, 2008). Tradin is based in the
Netherlands, but has operations in China, Ethiopia, US, Germany, Austria, France
and Thailand. Another example is Aurora organic Dairy. Two of the founders of
horizon were involved in starting this company in 2003, and it is vertically integrated
through the certified organic production and bottling stages (Cooperative Develop-
ment Services, 2006).

Figure 2. horizontal integration: other firms.
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Aurora was funded by the investment firm Charlesbank Capital Partners, one of
the many venture capitalists playing a catalyzing role in the consolidation of the
industry. The Charterhouse Group, Inc., for instance, describes the organic industry
as ‘fragmented’. This investment firm acquired three organic bread companies in the
space of five months in 2005 with the intention of ‘developing and implementing
master consolidation plans’ within the organic baked-goods sector, and increasing
distribution to the point that they would make an attractive take-over target for a
transnational processor (Charterhouse Group, 2005). one of their acquisitions, rudi’s
Bakery, was acquired from TecTerra Food Capital, with investors that included the
State of Iowa, Pioneer, DuPont and ADM, as well as the Farm Bureau (these same
actors also cashed out an investment in soyfoods company wildwood/Midwest har-
vest). Booth Creek Management Corporation is following a similar strategy in
bundling organic and natural meat companies; meat is currently one of the smallest,
but fastest growing organic categories. A partner in this firm is George Gillett, CEo
of 10th ranked Swift & Company. Booth Creek has received funding from American
Capital Strategies Limited, which through nSpired Natural Foods has itself been
working to bundle organic chocolate and candy companies.

Venture capitalists typically plan to liquidate their investments by either selling
them to another company or taking them public within 3–7 years, and seek returns
on investment of at least 25–100%, compounded annually (MSI, 2007). Many of the
companies eventually acquired by hain Celestial first received investments from
venture capitalists in 1997, including Arrowhead Mills (Shansby Group), health Val-
ley (Frontenac), and Mountain Sun (Acirca) (Murphy, 1997).

Concentric Diversification

In contrast to some of the assumptions which motivated the last decade’s acquisitions
discussed above, market research indicates that organic consumers are less brand
conscious, aside from viewing the organic label itself as essentially a paramount
brand (howie, 2004). recognition of this has recently encouraged the more wide-
spread use of concentric diversification as a strategy of accumulation by larger
capitalist firms, in addition to, or in place of, horizontal integration. I will first discuss
the context of increasing sales and shifting distribution channels in the organic sector,
then describe two types of concentric diversification: 1) introductions of organic ver-
sions of mass market brands by the top 30 food processors, and 2) introductions of
private label organic brands by the largest distributors and retailers.

Increasing Sales and Shifting Distribution Channels

Despite some of the more optimistic projections, growth rates for overall organic
foods sales did not increase dramatically with the introduction of a national standard
in 2002. Yet, as Figure 3 indicates, already exponential growth rates, estimated to have
been 20% annually from 1990 to 1997, have been maintained. Data from the organic
Trade Association indicates organic food sales increased an average of 18.6% annu-
ally from 1998 to 2006, while the rest of the food industry grew at a rate of less than
4% annually during this period (oTA, 2007). In 1998, organic foods totaled less than
1% of all US food sales ($4.3 billion), but by 2006 this had increased to 2.8% ($16.7 bil-
lion). while growth has occurred in all three major channels, the proportion of
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supermarket sales has increased relative to natural food stores and direct sales, with
direct sales showing the slowest rates of growth. That is not to say that the growth
in direct sales is insignificant – the number of farmers’ markets in the US grew from
1,755 in 1994 to 4,385 in 2006, and one third of their vendors sell organic foods
(USDA, 2007), while community supported agriculture (CSA) farms, primarily
organic, increased from 0 in 1984 to approximately 2,000 in 2007 (Localharvest, 2007).
Farmers’ markets and CSAs comprise less than 5% of organic food sales, however,
predominantly fresh fruits and vegetables (Packaged Facts, 2000; oTA, 2006). Sales
of processed foods are growing more rapidly than fresh fruits and vegetables,
increasing from 58% to 61% of total certified organic food sales in the US during the
period 2003–2006 (oTA, 2004, 2007).

In Canada, the organic Agricultural Centre notes organic processed foods have a
similar market share, comprising approximately 60% of sales (Kortbech-oleson, 2004;
Macey, 2007). The Canadian market is also experiencing growth rates of approxi-
mately 20% for overall organic food sales (holmes, 2008), which was conservatively
estimated to total at least C$1 billion in 2006 (Macey, 2007).

Introductions of Organic Brands by Top 30 Food Processors

one strategy of concentric diversification in the organic processing industry is the
introduction of organic versions of very mainstream brands, such as Nabisco oreos
and Kraft Macaroni & Cheese (see Figure 4). All but two introductions by the top 30
food processors occurred in 2001 or later, the year that the national organic standard
began to be phased in. The exceptions were General Mills’s introduction of Gold
Medal organic flour in 1995 followed by Sunrise organic cereal in 1999. Most of these
introductions have been even more recent, occurring in 2006 or later. It is not a coin-

Figure 3. US organic food sales 1998–2006 (in $ billon).
Source: organic Trade Association (2004, 2006, 2007).



Figure 4. horizontal expansion: top 30 food processors in North America.
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cidence that this was the year wal-Mart announced its intention to increase the
amount of organic products sold with the goal of pricing them at just 10% above their
conventional counterparts. Dove organic Chocolate was introduced exclusively for
wal-Mart by M&M Mars, and Kellogg was encouraged by the retailer to introduce
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products such as organic rice Krispies and Keebler organic Crackers (warner, 2006;
Zimmerman, 2006). Paul Norman, an executive at Kellogg, said, ‘when a company
the size of wal-Mart is suddenly very interested, it gives us more reason to think the
wave has gotten to the size where we can surf it’ (Zimmerman, 2006, p. B1).

The strategy of introducing organic versions of mainstream brands has not been
uniformly successful. Unilever struggled to recoup the $20 million it spent on adver-
tising its organic ragu pasta sauce and scaled back its distribution (Thompson, 2006),
and General Mills quietly discontinued Sunrise after spending $15 million in adver-
tising, in the wake of its later acquisition of Cascadian Farm.

In many cases, these introductions are simply co-packed – they are manufactured
by another company that has been contracted to package them with a specified label.
Though these agreements are usually confidential, a crisis can help to reveal the
extent of this practice. The 2006 incident of E. coli o157:h7 contamination of bagged
spinach led to a recall of all products manufactured by Natural Selection
Foods/Earthbound Farm. It involved more than two dozen brands, including many
owned by key ‘competitors’, although all contaminated products found were pack-
aged under the (conventional) Dole label (Delind and howard, 2008). The veil behind
co-packing in the organic industry was also partially lifted in the founding story of
the organic brand Natural Value. A former natural food distributor noticed that four
brands of mustard he carried all had the same missing letters on their cases and were
clearly produced in the same plant (three of these brands, hain, health Valley and
westbrae, were eventually subsumed under hain Celestial). Natural Value is a trans-
parently virtual food company, operated out of a home to reduce overhead costs and
compete as the lowest priced label among identical products. Despite the amazing
pseudo-diversity of processed organic products on store shelves, the vast majority of
production flows from just a few hundred firms, with a tendency for two or three to
dominate the production of almost any given type of food (Southworth, 2001; han-
naford, 2007). Most introductions by the largest food processors occur not
surprisingly in well-established organic product categories such as bagged greens,
processed tomato products, juice and ice-cream.

Although almost all of the introductions in Figure 4 are clearly associated with
processing giants on their labels, some interesting exceptions are the two organic
beers marketed by Anheuser-Busch. Anheuser-Busch tried to apply the stealth strat-
egy, labeling its wild hop and Stone Mill introductions under a new Green Valley
Brewing Co. name. They were widely exposed while test marketing these products
through a story in the San Francisco Chronicle (Ness, 2006), and the Green Valley
Brewing Co. web site was quickly changed to denote its corporate parentage. These
organic brands are bottled under contract with red hook, which is 34% owned by
Anheuser-Busch. (See supplemental material for an animation of data from Figures
1, 2 and 4, which provides a broad overview of the structural changes in the organic
processing sector described to this point.)

Introductions of Private Label Organic Products

Another strategy of horizontal expansion in the organic processing sector is the
explosion of private label or own brand organic foods as indicated by the smaller
dark-gray shapes in Figure 5. This figure shows those that have been introduced by
the top 30 supermarket chains (larger medium-gray shapes), with their rank deter-
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mined by Supermarket News (2007), as well as specialty retailers (larger light-gray
shapes) and distributors (larger black shapes). Private label products are sometimes
produced by vertically integrated distributors or retailers, but they are more fre-
quently co-packed by contracted manufacturers. Some of these manufacturers have
their own well-known brands, such as Earthbound Farm, but others do not. For

Figure 5. Private label brands.
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example, Aurora was established specifically to meet the needs of the growing pri-
vate label market for organic dairy products, and did not sell anything under its own
label until 2006. Through the efforts of the Cornucopia Institute, which criticized its
relatively enormous scale of operation and feed-lot practices, at least 20 other retailers
and distributors were identified as customers (Kastel, 2007).

This is one of many aspects for which organic epitomizes trends for private labels
in general, as well as broader structural changes in the food system, as described by
Burch and Lawrence (2005). In addition to the rise of private label specialists, others
include the dual importance of quality and price, and increasing retailer dominance.
organic is one of many attributes increasingly sought by consumers in the ‘turn’
towards quality and away from mass-produced foods (Goodman, 2004). Consumer
advice columnists emphasize that when ‘certified organic is certified organic’ it
makes financial sense to purchase less expensive private label products (Berlinski,
2007). From mid-2003 to mid-2007, the private label share of organic foods grew from
5% to 14.2%, with sales increasing up to four times faster than branded organic (Lem-
pert, 2007). The success of private label organics is also evidenced in the fact that
nearly all of the firms shown in Figure 5 are working to expand their offerings, with
Loblaw and Safeway now carrying more than 300 different products.

Safeway, which did not introduce its private label o organics until December
2005, expects it to achieve sales of more than $400 million in 2008, which would make
it one of the world’s leading organic ‘brands’ (Mitchell, 2008). The company has
recently licensed o organics to other firms, including the distributor Sysco in Cali-
fornia and French retailer Carrefour for its outlets in Taiwan. wild oats, prior to its
recent acquisition by whole Foods, was the first to license an organic private label –
their name brand products were sold by several Ahold subsidiaries, as well as Price
Chopper. Even smaller retailers are getting in on the act, with Shoprite, a subsidiary
of the 37th largest North American supermarket firm wakefern, licensing its private
label organic and conventional products to the 40 store chain Gristedes in New York
City. one organic food label, Full Circle, is owned by a cooperative of 37 retail chains,
primarily in non-overlapping regions, which allows them to give consumers in those
areas the illusion that it is an exclusive brand. 

while some private label lines in Figure 5 are entirely organic, others blur the
brand’s identity by extending it to natural or ‘premium’ products. Target, for exam-
ple, reformulated a number of its Archer Farms products to remove trans fats in 2008,
but other products with this label contain synthetic preservatives and sweeteners.
Although approximately 100 Archer Farms products are organic, a substantial num-
ber fail to meet even the loosest definitions of ‘natural,’ requiring consumers to
closely examine ingredient lists if they want to avoid purchasing conventional prod-
ucts. The halo effect of including some organic products under private labels, with
names that evoke pastoral ideals, is therefore another example of the illusory expan-
sion of alternatives for consumers.

Summary and Conclusion

Consolidation in the North American organic processing sector has occurred rapidly
since the USDA began its move to a national standard. It is increasingly dominated
by concentrations of capital, with 14 of the top 20 food processors in North America
either acquiring an organic brand (horizontal integration) or introducing one of their
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own (concentric diversification). Although organic was established as an alternative
to some aspects of the dominant food system, these changes, as well as
distributor/retailer expansion into private labeling, reflect recent trends in the food
system as a whole. The predictions of Buck et al., that conventionalization would
advance in the off-farm segments of the organic industry are therefore strongly sup-
ported.

Trends to this point suggest that horizontal integration and concentric diversifica-
tion will continue to consolidate the organic processing sector. Efforts to slow or even
reverse these trends could be aided by establishing stronger barriers to capitalist pen-
etration. with the current USDA control of the term ‘organic’, however, regaining
social movement influence over the industry appears unlikely. The US government
has generally been unresponsive to demands for more stringent organic standards
coming from the non-governmental organizations and producers that helped to
develop the market. when it appeared that a successful lawsuit by Maine blueberry
grower Arthur harvey in 2005 would prohibit synthetic ingredients in processed
organic foods, for example, the interests of the largest processors were quickly pro-
tected. Because these firms had become heavily reliant on synthetics in
industrial-scale organic food production under the USDA standard, a rider was
inserted into Congressional legislation which made the harvey court decision irrel-
evant (DuPuis and Gillon, 2009).

Efforts to increase public awareness of these trends, given consumer interest in
supporting alternative food systems, may remain a viable option to reassert demo-
cratic control of the food system. Exposing stealth ownership and the co-optation of
discourses of sustainability to sell non-organic products has the potential to encour-
age a shift in food purchasing decisions away from large corporations. with this
information, consumers and small retailers might seek out products from the limited
number of pioneering organic processors that have remained independent, such as
organic Valley, Nature’s Path, Amy’s Kitchen, Clif Bar, Eden Foods, and Equal
Exchange. Surveys also indicate strong public support for another strategy: comple-
mentary labels that address criteria not fully embodied in the USDA organic
standards, such as local, humane, domestic fair trade, or family farmed (howard and
Allen, 2006, 2008). Alternatively, consumers could begin to reject ‘organic’ food alto-
gether, given that consolidation and other elements of the conventionalization
process are rendering the word increasingly distant from many of its original ideals
(Guthman, 2004a).

Note

1. 1) 100% organic, 2) organic (95% or more), 3) made with organic ingredients (70% or more), or 4) spe-
cific organic substances identified in the ingredient list. The USDA organic seal is allowed for the first
two categories, but not the last two.
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Abstract. A major conflict is developing in science over transgenic foods. Food,
feed, and fiber products derived from transgenic agricultural crops are presented
here as a different case from industrial and pharmaceutical crop transgenics and
should be parsed from the larger transgenics industry for comprehensive re-eval-
uation and market roll-back. Reviewed is the development of the crop transgenics
industry; the early influence of the biotechnology industry over the US federal reg-
ulatory agencies in the context of the development of minimal regulation; the basic
technology of plant transgenics; the main transgenic crops, traits, and producing
countries; consumer resistance to transgenic foods; industry problems with shrink-
ing investments; the worldwide promotion of transgenic crops; and ecological
issues of transgenic crops. Flaws in the one gene–one protein model, the founda-
tion of transgenics, are reviewed in the context of the recent and ongoing
restructuring of the science of genetics. Research on the mutational consequences
of plant transgenics and its phenotypic ramifications such as allergens and novel
proteins is discussed. Major research findings and ‘red flag’ incidents in the history
of transgenic foods and feeds are reviewed that reflect the flaws in the genetic
foundations of transgenics.

Don Lotter, <http://www.donlotter.net>. e-mail: don@donlotter.net. Don Lotter has a Ph.D.
in agroecology from the University of California Davis. He did his post-doctoral work on or-
ganic crop systems at the rodale Institute in Pennsylvania, later was a journalist for rodale’s
new Farm magazine. Since 2005, he has taught at Imperial Valley College, Santa Monica Col-
lege, and the University of California Davis. He is based in Davis, California and currently is
spending a year as a freelance writer, most recently as a visiting scientist at Colegio Postgrad-
uados in Chapingo, Mexico.

The Genetic Engineering of Food and the Failure of
Science – Part 1: The Development of a Flawed Enterprise

[Paper first received, 10 December 2007; in final form, 19 December 2008]

Introduction

A major conflict is imminent in science. on the one side are scientists, universities
and corporations who have invested nearly 25 years and tens of billions of dollars in
the genetic engineering of organisms (transgenics), mostly bacteria and plants, for
food, pharmaceutical, and industrial uses. on the other side is a flood of evidence
that food plant transgenics – not bacterial or pharmaceutical plant transgenics – is
fatally flawed and has been resting on a theoretical foundation that has crumbled
away as the science of genetics reinvents itself. Adding to this side is a worldwide
grass-roots movement opposed to genetically engineered foods.

Don Lotter



32 Don Lotter

It is important to parse out the specific problem area – food, feed, and fiber crop
transgenics – from the rest of the transgenics industry. the investment of fortunes
and careers in transgenics is not all under threat, in this author’s view, only that of
food, feed, and fiber crops. this parsing would leave bacterial and pharmaceutical
crop transgenics intact (with provisos, below), which very likely constitute the major-
ity of scientists and corporate resources invested in transgenics. Calls for the rolling
back of food transgenics therefore should not be seen as a threat to the entire industry.
However, owing to the primacy of food and to the decades of investment of both sci-
entific careers as well as dollars into crop transgenics, this emerging conflict has
enormous consequences and stands to become a major development in the history
of science.

Society is currently in a watershed era as to whether future world food is produced
predominantly via patented transgenic crops, largely untested as to their long-term
health or ecological effects, or whether food production is based on crops whose
genetic integrity is intact, having been subject exclusively to the intra-genus and
intra-family plant breeding methods of many millennia, and whose resultant proteins
are consistent with our own co-evolved genetic, proteomic, and physiological sys-
tems.

Underpinning the development of the transgenic foods situation have been the
major changes that have taken place in the relationship between research universities
and private industry since the early 1980s, characterized by increased bilateral
dependence, networking of scientists from the two sectors, and commercialization
of university research (Leydesdorff and etzkowitz, 2001; Bok, 2003), a dynamic com-
monly referred to by the term ‘academic capitalism’ (Slaughter and rhoades, 2004).
Sociologists, among other academics, have for some time raised questions about the
university science community’s merging into the ‘knowledge economy’, with intel-
lectual property ownership at its center (Press and Washburn, 2000; Kleinman, 2003;
Krimsky, 2003; etzkowitz, 2005; Welsh and Glenna, 2007), and many have lamented
the replacing or subsuming of the older communal norms of science as set down by
robert Merton and the ‘science for the public good’ of Vannevar Bush (which will be
discussed in Part 2).

In this two-part paper, I will describe how the worst fears of the critics of academic
capitalism, fears that the potential loss of scientific direction and integrity that comes
with proprietary-centric science could lead to significantly negative developments
for the public, have come to pass in the arena of transgenic foods. this is a story of
how a grand scientific vision, plant transgenics, a science that its developers believed
would vastly improve the world food supply while at the same time generating huge
profits, blinded many of those scientist-developers to the increasingly serious flaws
in the basic model, mechanics, and end-products of the enterprise.

Why the distinction between traditional agricultural crops (food, feed, fiber) and
pharmaceutical crops and bacterial transgenics? First, bacterial genetics are in a sim-
pler class than those of higher plants and animals, and bacterial transgenics, with a
few exceptions such as an early fatal disaster involving the nutritional supplement
L-tryptophan (Smith, 2007), has been a success.

Pharmaceutical crops are more problematic than bacterial-derived products, yet I
believe that a benefit–risk analysis justifies their use, with restrictions on cultivation,
transport, and storage. Genes for the production of pharmaceutical compounds have
been engineered into crops such as corn and rice. these crops, often clumsily called
‘pharm-crops’, are a different case than transgenic food crops, since the pharmaceu-
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tical process generally involves producing and isolating a single or few compound(s)
which can then be tested for purity and dispensed using a system which has a clear
paper trail (prescriptions), should any problems arise. Current opposition to phar-
maceutical crops has to do with them being cultivated in traditional open crop fields,
which can lead to contamination via pharmaceutical-laden pollen or seeds, as well
as issues having to do with post-harvest contamination of foods in various transport
and storage systems.

A plant food product, in contrast to a pharmaceutical crop product, consists of
hundreds of different compounds, all or most of which are eaten by the consumer. A
food product – for example, a wine grape, a fresh tomato, or a grain of wheat – can
be seen as a ‘symphony’ of compounds that make up the potential gustatory and
nutritive experience. In the case of transgenic foods, one or more of this collection of
compounds may be ‘rogue’, novel, or misformed proteins, inadvertently produced
in the transgenics process, and which may be allergenic or toxic, as discussed later
in this paper. Under the current system of oversight, transgenic foods during the crop
development and subsequent stages are inadequately checked for these compounds,
and are dispensed in a system that is largely untraceable if there are health problems
amongst consumers.

the inadequate regulation of the cultivation and post-harvest management of
pharmaceutical crops has been a serious failure at the US federal level (earthjustice,
2006). Pharmaceutical crops must be grown in contained enclosures like greenhouses
and must be transported and stored by exclusively non-agricultural systems in order
to eliminate risk of contamination of foods and feeds with pharmaceutical grains.
Anything short of these controls is unacceptable.

In the early stages of the development of crop transgenics in the 1980s, thorough
scientific scrutiny of this truly radical technology would likely, in this author’s opin-
ion, have led to restrictions on cultivation and marketing of transgenic products, and
may have resulted in non-approval altogether. A central factor in this failure has been
the early influence of the biotechnology industry, better termed dominion, over the
highest levels of the federal regulatory agencies, which led to a ‘hands-off’ policy
regarding regulation of transgenic foods. Instead of (actually in spite of, as discussed
later) a period of scientific scrutiny early in the evolution of transgenic crops to deter-
mine their safety and integrity, these crops were given the green light, resulting in
the investment of billions of dollars and thousands of professional careers world-
wide. Many countries have either modeled their transgenic foods regulatory system
partly or wholly on that of the US, or depended on the US regulatory system as a
sanctioning entity for the approval of transgenic crops.

this early industry pressure and science community compliance for a premature
green light for transgenic crops is now coming back to bite the industry and the sci-
ence community, and bite them very seriously. this paper, in two parts, discusses
how this situation developed, the nature of the problem, and proposes an alternative
in the form of an agroecology-based foundation to world food production.

Development of the Agricultural Transgenics Enterprise

the discovery in the mid-1970s (Van Larebeke et al., 1975) of the ability of the bac-
terium Agrobacterium tumefaciens to insert its own DnA into a host plant’s genome
and ‘hijack’ the plant’s metabolic machinery for the bacteria’s own use started a rev-
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olution in the genetic manipulation of plants. Since then scientists have developed
techniques to harness Agrobacterium’s DnA insertion machinery to insert genes of
the engineer’s choice into plants in order to get plants to produce certain compounds
or express certain traits. Genes have been snipped from microbes, plants, and even
animals via restriction enzyme technology and spliced into the plant genome in order
to create new traits like herbicide or insect resistance.

this process, variously referred to as recombinant DnA (rDnA) technology, as
well as transgenics or plant transformation, is generally referred to in lay terms as
genetic engineering or genetic modification. It produces transgenic crops and foods,
popularly called genetically modified organisms, or GMos.

the growth of the transgenics enterprise has been streamlined by decisions
throughout the 1980s and 1990s from the US Supreme Court as well as the US Patent
and trademark office that supported the patenting of genes and biological processes.
the landmark Diamond v. Chakrabarty decision in 1980, which held that regular utility
patents could be granted for inventions involving living organisms, laid the legal
groundwork for developing transgenics as a commercial enterprise.

traits that have been genetically engineered into crop plants and approved for the
US market are (data are up to 2006, taken from Lopez Villar et al., 2007): herbicide
resistance (corn, soy, cotton, canola, rice, alfalfa, beet, flax), insect resistance (corn,
cotton, potato, tomato), sterile pollen (corn, chicory [radicchio]), virus resistance
(papaya, squash, plum), delayed ripening (tomato), altered oil (canola, soy) or pro-
tein (corn) composition, and reduced nicotine tobacco. the Monsanto Corporation
accounts for some 90% of transgenic traits around the world.

First planted in 1996, soy, corn, canola, and cotton accounted for nearly 100% of
the world’s 80 million hectares of transgenic crops in 2006 (1.5% of total world crop
acreage). the main two transgenic traits are resistance to glyphosate herbicide
(approximately 70% of acreage), most of which consists of crops resistant to Mon-
santo’s roundup® (a proprietary version of glyphosate); and insect resistance in
which the plant systemically produces an insecticide derived from the Cry gene of
the bacterium Bacillus thurengiensis, known as Bt (20% of total acreage). About 10%
of acreage consists of corn and cotton varieties in which the two traits are combined
(stacked) in the same plant. Until 2004, nearly all transgenic crop acreage has been
in four countries – the US, Canada, Argentina, and Brazil. Brazil and Argentina have
seen enormous growth in glyphosate-resistant transgenic soybean production,
mostly for export to China for livestock feed.

Contrary to popular belief, yields of the major transgenic crops have been shown
to be no higher than and sometimes significantly below those of non-transgenic
crops, with net returns and profits commonly lower (Myerson, 1997; Qaim and Zil-
berman, 2003; Benbrook, 2004; Josta et al., 2008). the incentive for using transgenic
crops is reported to be ‘the convenience effect’ of reducing labor costs, with the great-
est cost reductions on larger farms (Seedquest, 2000; Fernandez-Cornejo, J. and W.
McBride. 2002; Lopez Villar et al., 2007).

Consumer resistance to transgenic foods in the developed countries (Mcinerney
et al., 2004) has made for financial problems and reduced investment in the crop
transgenics segment of the biotechnology industry (Baue, 2003). the biotechnology
industry (of which the transgenic crops sector is just one part), currently worth some
$75 billion (Caruso, 2007a), lost ‘a staggering’ $57.7 billion over the period 1994–2004,
according to a study by a leading investment consulting firm (robinson, 2004).
According to the Wall Street Journal $100 billion has been invested in biotechnology
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related to genetic engineering and $40 billion has been lost (Hamilton, 2004). one
report states that because of resistance to transgenic products in world markets, the
introduction of transgenic wheat (which has not yet been approved) would reduce
US wheat exports by 25–50% and cause a reduction in prices of up to 33% (Wisner,
2005).

the transgenic crops industry, with the help of the US government, is aggressively
promoting its crop products worldwide (Lopez Villar et al., 2007). In 2003 the Bush
administration filed an injunction against the World trade organization after the
european Commission refused to accept transgenic food from the US (Becker and
Barboza, 2003). Developing countries have been targeted by both biotechnology com-
panies and the US government. the George W. Bush administration’s top trade
official, robert Zoellick has bluntly criticized developing nations who have refused
to accept US transgenic foods (Mcinerney et al., 2004).

Illustrative is the Monsanto Corporation’s global marketing vision from a 2005
company document: ‘full adoption of GM crops globally would result in income
gains of US$210 billion per year within the next decade, with the largest potential
gains occurring in developing countries at a rate of 2.1 percent gross national product
per year’ (Lopez Villar et al., 2007).

Much of this push is being done with the help of US foreign aid agencies such as
the US Agency for International Development (USAID) as well as well-endowed
nGos such as the rockefeller and Gates Foundations (African Centre for Biosafety,
2007; Ho, 2007; Lopez Villar et al., 2007). USAID is mandated to partner with US
biotechnology corporations to promote the companies’ crops in developing countries
(Brenner, 2004).

India has been the target of a major transgenic crops campaign (Lopez Villar et al.,
2007). the large-scale transfer of capital-intensive crop systems, especially transgenic
cotton, to peasant farmers in India has taken the form of a ‘fad’ or ‘stampede’ (Stone,
2007), and has led to a farmer debt crisis that has been associated with subsequent
mass suicides of indebted farmers (Stone, 2002; Chaudhary, 2007). thailand (eyre,
2007) and Indonesia (Jakarta Post, 2007) have seen intense promotion of transgenic
crops by foreign by both US companies and the US government, and it was in
Indonesia that the Monsanto Corporation broke US anti-corruption laws by paying
out nearly $1 million in bribes in order to circumvent environmental regulations gov-
erning the planting of transgenic cotton (Guerin, 2005). According to agrarian leaders
in Mexico, farmers and agricultural extension services in that country are being pres-
sured to grow transgenic crops (Prensa Latina, 2007). eastern europe has been
targeted as fertile ground for transgenic crop business (Merrett, 2007). Africa is the
focal point of a major push by the crop biotechnology industry (Lopez Villar et al.,
2007). According to one South Africa-based consultant ‘African governments are fac-
ing enormous pressure to endorse and adopt genetically modified crops’ (Fig, 2007).

Regulation

no better example of the foundational close relationship of the biotechnology indus-
try with the highest levels of the US federal government is that of the Monsanto
Corporation’s legendary influence in Washington, as described in Jeffrey Smith’s
2003 book Seeds of Deception (Smith, 2003). Under the reagan and G.H.W. Bush
administrations of the 1980s, Monsanto, according to the new York times, created
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‘support for biotechnology at the highest U.S. policy levels’ (eichenwald and Kolata,
2001) right up to the White House, and developed a ‘revolving door’ strategy
between the highest executive-related positions at Monsanto and the top positions
of the federal regulatory agencies. this pattern continued through the Clinton and
G.W. Bush administrations, in which the latter hired a former Calgene (transgenic
crop company bought by Monsanto) board of directors member, Ann Veneman, as
Secretary of Agriculture. Wrote The New York Times on Monsanto’s power over federal
regulations during the G.H.W. Bush presidency:

What Monsanto wished for from Washington, Monsanto and – by extension,
the biotechnology industry – got. If the company’s strategy demanded reg-
ulations, rules favored by the industry were adopted. When the company
abruptly decided that it needed to throw off the regulations and speed its
foods to market, the White House quickly ushered through an unusually
generous policy of self-policing (eichenwald, 2001).

the biotechnology industry lobbied to have foods derived from genetically engi-
neered plants classified as no different from food from conventionally bred plants.
this was known as the policy, or doctrine, of ‘substantial equivalence’. there was
resistance, however, from scientists within the FDA to the policy of non-regulation
and substantial equivalence of transgenic foods. A 2004 paper (Freese and Schubert,
2004) showed that there were internal FDA memos documenting an overwhelming
consensus among the agency’s scientists that transgenic crops can have unpre-
dictable, hard-to-detect side-effects – allergens, toxins, nutritional effects, new
diseases. they had urged their superiors to require long-term studies. According to
the authors of the paper, these communications were ignored.

the biotechnology industry essentially won the battle for non-regulation of trans-
genic foods when in 1992 the FDA released a policy statement on transgenic foods
via the US Federal Register, the standard protocol for setting federal regulatory policy:
‘the agency is not aware of any information showing that foods derived by these
new methods differ from other foods in any meaningful or uniform way’ (57 Fr
22991 [1992-05-29]). the main elements of the regulatory framework are essentially
voluntary. Companies that wish to release a genetically engineered food onto the
market decide whether or not to consult with the federal agencies, and decide what
scientific data to submit. the FDA does not test the products for safety (Mellon and
rissler, 2003). the regulators rely ‘almost exclusively on information provided by the
biotech crop developer, and those data are not published in journals or subjected to
peer review’ (Friends of the earth, 2004).

to accommodate the new transgenic crops and products, the reagan and G.H.W.
Bush administrations fit them, albeit with a high degree of contortion, into the exist-
ing regulatory framework of the Food and Drug Administration (FDA), the
environmental Protection Agency (ePA), and the US Department of Agriculture
(USDA). explicitly avoided was the creation of any new regulatory legislation. this
was part of a movement to deregulate commerce, overseen by Vice President Dan
Quayle and the Council on Competitiveness. An example of the contortion that was
needed is that of the USDA’s role. At that agency, genetically modified crops were
classed as potential ‘plant pests’. Companies wishing to disseminate transgenic plant
material need only to jump the rather ludicrous regulatory hoop of showing that
their crop is not a plant pest.
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In the US, there is no requirement to label foods that contain transgenic ingredi-
ents, with the exception of certified organic foods. By law (USDA national organic
Program) certified organic foods cannot include compounds from transgenic organ-
isms. However, genetic contamination of organic crops via pollination from
transgenic crops on neighboring farms is an issue. A significant part of the consistent
20% per year growth of organics since the early 1990s has been shown to be consumer
desire to avoid transgenic foods (Lotter, 2003).

In addition to allowing consumer choice, labeling is important in epidemiological
analyses if food safety problems occur. However, grass-roots efforts to legislate prod-
uct labeling and environmental regulation of transgenic foods and crops, with the
exception of organics, have in general been unsuccessful in the US. A failed 2002 cam-
paign in oregon to require labeling of foods containing transgenic components was
a bell-wether for other efforts. the biotechnology and grocery industries funded the
pro-transgenics (anti-labeling) opposition with over $5 million, many times more
than proponents could muster, and the ballot initiative lost by a wide majority. Sim-
ilar efforts in California, Washington and Colorado were not successful.

Successes in legislated opposition to transgenic crop production have been rela-
tively small scale, such as a campaign to ban the growing of transgenic crops in
Mendocino County California, which won a surprising ballot victory in 2004. of sim-
ilar campaigns in five other California counties, only one, Marin County, passed.
efforts to regulate the cultivation of transgenic crops in the state of north Dakota
failed. the only other successes have been pockets of legislation that have emerged
in counties and townships in regions such as new england.

As one group reported in 2006 on efforts to regulate transgenic crop production:
‘While there are some state and regional groups trying to organize and educate farm-
ers, few people attend the meetings and those who do tend to be polarized. the
discussion seems to be dominated by agribusiness and the state legislators whose
hands they have tied’ (Freeman, 2005). this is in contrast with europe, where public
opinion polls show that 70% of the population opposes transgenic foods (ryan, 2007),
whereas in the US that number is less than half, 29% (Mellman Group, 2006). More
than 170 european regions and 4,500 smaller zones, over a third of eU territory,
belong to the ‘GMo Free european regions’ set up in Florence in 2005 (Burcher and
Ho, 2007).

A federal court in Hawaii ruled in 2006 that the USDA issued permits illegally for
the cultivation of pharmaceutical crops (earthjustice, 2006). In 2007, a federal judge
in California ruled that the USDA violated the law by failing to adequately assess
possible environmental impacts before approving Monsanto’s transgenic roundup-
ready® alfalfa (Pollack, 2007). reflecting on these decisions and on the lack of
oversight from either the federal regulatory bodies or the scientific community, one
professor of plant breeding at the University of California, whose research examines
gene flow from transgenic crops and non-transgenic crops and wild relatives, made
the comment that: ‘the most effective oversight of the consequences of transgenic
crops has come from the judicial branch of government’ (Paul Gepps, personal com-
munication, 2007).
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Ecological and Agro-ecological Issues

ecological and agro-ecological issues are a substantial concern with transgenic crops.
the use of glyphosate herbicide on major crops in the US has increased 15-fold since
the introduction of glyphosate-resistant crops in 1994 (Lopez-Villar and Freese, 2008).
the development of glyphosate-resistant weeds as a result of selection pressure from
intensive use of the herbicide in herbicide-resistant crops has become a very serious
concern (owen and Zelaya, 2005; Carolina-Virginia Farmer, 2007). By 2007, seven US
weed species (Plant Management network, 2007), and in Argentina 11 species (Ben-
brook, 2005), had developed glyphosate resistance. Additional issues of concern are
pest resistance to Bt in Bt crops (tabashnik et al., 2003), secondary pest outbreaks in
Bt crops (Wang et al., 2006; Ghosh, 2007), the negative effects of Bt crops on beneficial
and neutral arthropods and on soil flora (Flores et al., 2005; Hillbeck and Schmidt,
2006), and the effects of Bt toxins on aquatic ecosystems draining agricultural areas
(rosi-Marshall et al., 2007).

Pollen migration and seed escape from grain transportation resulting in gene flow
from transgenic crops to non-transgenic crops and to wild relatives of transgenic
crops are issues of substantial concern (Chapela and Quist, 2001; eastham and Sweet,
2002; Mellon and rissler, 2003; Yoshimura et al., 2006; Caruso, 2007b; Heinemann,
2007; Dalton, 2008). Such transgene transfer and introgression has led to stable incor-
poration (six years) of herbicide resistance transgenes into wild or weedy relatives
and to herbicide-resistant hybrid weeds (Légère, 2005; Warwick et al., 2007) as well
as Bt-expressing hybrid plants in the wild (Vacher et al., 2004). Contamination of non-
transgenic certified seed by transgenic seed in crops in which transgenic varieties
have been developed is widespread in north America (Marvier and Van Acker, 2005).
one study found that 32 out of 33 non-transgenic certified canola seed lots were con-
taminated with transgenic canola (Friesen et al., 2003).

transgene contamination of native Mexican corn by transgenic corn is now well
established (Dalton, 2008). the transgenic crop science community appears to be
egregiously indifferent to such transgene spread in the center of origin and diversity
of corn, as indicated by a 2002 document signed by over 100 scientists from that com-
munity, which states: ‘It is important to recognize that the kind of gene flow alleged
in the nature paper is both inevitable and welcome’ (Prakash, 2002). (the Nature
paper, in which Chapela and Quist first report transgene spread to native Mexican
corn, is discussed in Part 2.)

The Crop Transgenics Model

the central doctrine of genetic engineering has been the ‘one gene–one protein’
model (Gibbs, 2003), which, in its simplest form, posits that each gene in the organ-
ism’s genome governs the production of a single protein or a single process involving
just a few proteins. Insert a gene into a plant, turn it on with a promoter, and the
plant’s biochemical machinery is instructed to produce a specific protein or execute
a single process. It was believed to be an elegant and precise model and it excited
many scientists and entrepreneurs with the vision of developing a plethora of crops
with patented transgenes for feeding the world and making a profit at the same time.
With the discovery of Agrobacterium’s ability to transfer selected genes into plants,
the perfect tool for the transgenics enterprise vision was in place, and Agrobacterium
has since become the work-horse of the plant genetic engineering industry.
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Agrobacterium uses a self-replicating circular packet of genes known as a plasmid
to transfer part of its DnA to the plant it infects. Scientists discovered that they could
‘disarm’ Agrobacterium by deleting its tumor-inducing genes while keeping its ability
to transfer DnA via the plasmid. Via the use of restriction and ligation enzymes and
other methods, the gene (transgene) that the engineer wants to splice into the plant
is introduced into Agrobacterium. to verify the transfer of the main transgene, a sec-
ond gene sequence for antibiotic resistance is included in the transferring plasmid.
After infection with Agrobacterium, the host plant material is dosed with an antibiotic
and only the cells with the transgene packet survive.

A third gene sequence, known as the promoter, needed to turn on the main trans-
gene once it is in the genome of the host plant, is included in the plasmid vector. the
tool used for this in virtually all plant transgenics is the CaMV35S promoter, a DnA
sequence from the cauliflower mosaic virus, which assures that the transgene will be
expressed in all of the host plant cells. each of these three sequences in the transgene
packet, the main transgene, the antibiotic resistance gene, and the viral promoter
gene are important in food safety and gene-flow issues of transgenic crops, discussed
later.

An alternative to using Agrobacterium for delivering the transgene package is par-
ticle bombardment, or the ‘gene gun’ method. this technique has come into
commercial use predominantly for crops that are not easily infected with Agrobac-
terium. Small particles of metal such as gold are coated with the plasmid DnA packet
and are ‘shot’ into the plant, incorporating the transgenes into the plant chromosome.
this method has important mutational consequences in the transgenics process, dis-
cussed below.

the host plant tissue that is exposed to the transgene-carrying Agrobacterium con-
sists of undifferentiated cells or callus tissue. After transfer of the transgene packet
and exposure to the antibiotic, each individual cell has a unique arrangement of
genes, depending on where and how the transgene packet was inserted, which is ran-
dom and largely beyond the control of the engineer. each of those cells is multiplied,
and with the help of plant growth regulator applications, is stimulated to differentiate
into a plant. thousands of plants develop, each from an individually transformed
cell, and each with its unique gene pattern. each plant is known as an event with a
specific event identity. Seed from each of these plant transformation events can
potentially give rise to a line of the crop. the transgenic line is then cross-bred with
existing varieties of the crop until all of the traits desired are incorporated, including
the transgenic trait. For example, the Dekalb corn variety DKC60-12 contains Mon-
santo’s YieldGard® trait for resistance to corn root-worm. YieldGard was bred from
the Mon863 (discussed later) transgene event in which the Bt insecticide transgene,
the CryIA(b) endotoxin, was engineered. A number of seed companies have licensed
the YieldGard trait, and the trait can be used in seed for different climate zones. one
variety might be for tropical conditions and another for growing in Canada, but both
will have the Bt transgene via the Mon863 event.

A significant characteristic of the plant transformation process stands out. the
placement of the transgene packet in the target plant chromosome is highly imprecise
and random. each plant transformation event, which originates from a single cell, is
genetically unique (thus the nomenclature ‘event’). A plant transformation event is
virtually impossible to replicate in terms of the nature of the genetic pattern in the
host plant genome.
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Flaws in the Crop Transgenics Model

the fatal blow to the one gene–one protein model, the underpinning of the crop
transgenics enterprise, came in 2003 with the now legendary surprise results, indeed
shocking results, of the human genome project, in which the entirety of genes in the
human genome were counted and characterized via computerized gene sequencing.
While the one gene–one protein doctrine had taken numerous blows in the scientific
literature during the 1990s, indicating that it might have serious flaws, it was the
human gene count which has done the fatal damage to the model. the result showed
that the number of genes in the human genome was vastly lower than had been
believed by scientists – about 27 000 – far fewer than the 1–2 million proteins in the
human body. the results have completely undermined the foundation of the one
gene–one protein doctrine.

A 2007 report (enCoDe Project Consortium, 2007) on the results of the Human
Genome Project from the US national Human Genome research Institute, a large-
scale, four-year international collaboration (35 groups from 80 organizations from
around the world), essentially puts the final nail in the coffin of the one gene–one
protein doctrine. A new York times article on the report writes:

to their surprise, researchers found that the human genome [and therefore
the genome of any higher organism, like a plant] might not be a ‘tidy col-
lection of independent genes’ after all… Instead, genes appear to operate in a
complex network, and interact and overlap with one another and with other com-
ponents in ways not yet fully understood. According to the institute, these find-
ings will challenge scientists ‘to rethink some long-held views about what
genes are and what they do’ (Caruso, 2007a; emphasis added).

the mechanisms of dysfunction in the plant transgenics process were elucidated in
a 2006 review article ‘the mutational consequences of plant transformation’ (Latham
et al., 2006), published in the Journal of Biomedicine and Biotechnology by scientists in
the UK. It was this paper which, for this author, put in place the last piece of the puz-
zle whose picture showed indisputably that the process of genetic engineering of
food crops is deeply flawed, and that the science community had failed to correct the
situation before consumers worldwide were made the subjects of the largest diet
experiment in history.

In the paper, the authors examine the evidence from various published reports that
mutations which occur in the process of transgene insertion include deletions and
rearrangements of host chromosomal DnA as well as introduction of superfluous
DnA. two different classes of mutations are discussed in the paper: insertion site
mutations and genome-wide mutations, which occur in both the Agrobacterium and
particle bombardment method of transgene insertion.

Analysis shows that Agrobacterium-mediated gene transfer ‘appear[s] to be asso-
ciated with large-scale rearrangement or deletion of plant chromosomal DnA’ and
that ‘insertion of superfluous DnA is also a consistent feature of Agrobacterium
insertion sites’; while with particle bombardment, ‘[o]nly a handful of studies have
provided detailed data on the chromosomal mutations resulting from particle bom-
bardment insertion… it appears that transgene integration resulting from particle
bombardment is usually or always accompanied by substantial disruption of plant
DnA and insertion of superfluous DnA’. And that ‘insertion of multiple copies (often
more than 40) of delivered DnA, sometimes interspersed with fragments of plant
DnA, appears to be the norm’.
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on genome-wide mutations (mutations away from the site of insertion of the
transgene package): ‘[research] results are broadly consistent. they suggest that
plant transformation procedures typically introduce many hundreds to thousands of
genome-wide mutations into the DnA of transgenic plants’.

the authors conclude that, ‘the sequence of a functional transgene insertion site
resulting from particle bombardment has therefore never been definitively compared
to its undisrupted site of insertion, either in the scientific literature or in applications
submitted to US regulators’; and ‘even with the limited information currently avail-
able it is clear that plant transformation is rarely, if ever, precise and that this lack of
precision may cause many of the frequent unexpected phenotypes that characterise
plant transformation and that pose a significant biosafety risk’.

Red Flag Events in the History of Plant Transgenics

Despite the mutation problems with plant transgenics, thorough studies on the tox-
icology of transgenic foods are few. Domingo surveyed the literature on toxicology
studies in a 2007 review article in Critical Reviews in Food Science and Nutrition, and
wrote that it is ‘quite amazing to note’ the paucity of toxicology studies on transgenic
foods, and asks ‘where is the scientific evidence showing that GM plants/food are
toxicologically safe, as assumed by the biotechnology companies involved in com-
mercial GM foods?’ (Domingo, 2007).

With the collapse of the one gene–one protein doctrine, and with the perspective
of the mutational consequences of plant genetic engineering, the numerous ‘red flag’
incidents in the history of crop genetic engineering may begin to make sense. Many
of these were incidents that, by themselves, should have put the scientific community
on alert and put the entire process under intense scientific scrutiny. other than a few
scientists who tried to wake-up the scientific and consumer communities to this
issue, this scrutiny has never occurred in the US.

• In the mid-1990s, Pioneer Hi-Bred seed company attempted to engineer a soy-
bean with a better protein complement by inserting a gene from the Brazil nut
into the soy genome (nordlee et al., 1996). While it was known that a small
percentage of people sometimes experience lethal allergic reactions to the
Brazil nut, the chances that out of the hundreds of proteins in the Brazil nut
the one transferred to soy would produce this reaction was considered to be
very small. Inexplicably, it was found that the transgenic soy indeed contained
the Brazil nut allergen. the project was shelved.

• In 1999, Starlink® corn, a variety with the Bt insecticide transgene, was released
on the market, approved only for animal feed, as it contains a highly stable
and allergenic protein that is difficult to break down in the mammalian diges-
tive system. Insufficient protocols for separating feed corn from food corn
resulted in contamination of food corn with Starlink corn. Unknown numbers
of consumers, probably in the thousands, were sickened due to allergic reac-
tions to the proteins. the Starlink incident underlines several points.
■ Separation of feed from food grain in the commodity stream from field

to consumer is difficult. this point has been re-emphasized by the 2006
incident in which transgenic ‘Liberty Link’ rice, unapproved for human
consumption, was found in food rice. the incident has so far cost US
rice farmers over $150 million in lost exports (Marvier, 2007). A USDA
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investigation was unable to determine the source of the contamination
(Weiss, 2007).

■ A very small percentage contamination of food by unapproved trans-
genic varieties can lead to mass food-poisoning outbreaks as a result of
allergic reactions to transgenic crops;

■ Food contamination-caused epidemics can go undetected due to the
lack of labeling and epidemiological protocols such as systematic col-
lection of data on human food-allergy incidents (Smith, 2007).

• Horizontal transfer of transgenes to other organisms has been found, most sig-
nificantly to bacteria within the mammalian gut. the CaMV promoter gene
that is included in the transgene package is important in facilitating horizontal
transfer and has been found to be active in human enterocyte-like cells (Myhre
et al., 2006). A UK experiment showed that transgenic DnA can survive diges-
tion and transfer to bacteria DnA in the human gut (Smith, 2007). Several
studies have shown horizontal transfer of transgenes to occur in test animals
fed transgenic foods (Latham and Steinbrecher, 2004; traavik and Heinemann,
2007). the other gene in the package, the antibiotic resistance gene, is of par-
ticular concern given the possible development of antibiotic resistant enteric
bacteria. Genetic engineers had made the assumption, without adequate
experimental verification, that DnA does not survive the early stages of diges-
tion.
Viral horizontal transfer of transgenes is an issue of concern. In a commentary
on a recent paper in Molecular Plant Pathology by Latham and Wilson (2007),
one analyst states ‘concerns have focused on the now well-established fact that
viruses recombine with viral transgenes…. recombination may allow novel
viruses to be created and such viruses are known to be an important source of
disease outbreaks’ (Bioscience resource Project, 2007).

• A UK laboratory’s annual food-allergy tests (n = 4500) show soy allergies
jumped 50% after the introduction of transgenic soy to the market (Smith,
2007). In the US, no systematic monitoring system exists for such potential
problems (traavik and Heinemann, 2007), although it is known that food aller-
gies have ‘spiked’ in recent years (Sheehan, 2006). Protocols currently used to
screen for allergenicity of transgenic foods have been shown likely to be insuf-
ficient, even if screening is limited to proteins expressed by the transgene only
(Kleter and Peijnenburg, 2002). these protocols do not include screening of
proteins and protein fragments generated by gene sequences subject to muta-
tions that occur in the transgenics process.

• In the late 1990s, one of europe’s top transgenics scientists, Arpad Pusztai,
found that the process of genetic engineering of potato introduced fundamental
changes to the extent that when the potatoes were fed to test rats they devel-
oped potentially precancerous cell growth in the digestive tract; it inhibited
development of the brain, liver, and testicles; they developed partial atrophy
of the liver, enlarged pancreas and intestines, and immune system damage.
Pusztai’s termination from his senior position and the subsequent controversy
is discussed in Part 2. His paper in The Lancet, reporting the results, remains a
landmark in food transgenics (ewen and Pusztai, 1999).

• In 1997 an experiment in which a gene for red color was engineered into petu-
nia went awry when subsequent generations of the transgenic petunia lost
their color. Gene silencing, a complex, genetically and proteomically signifi-
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cant and little understood process, was implicated and is now acknowledged
as a common occurrence in transgenics (Metzlaff et al., 1997). In this case, eas-
ily observed features were the subject of gene silencing. the extent to which
gene silencing has occurred in transgenic crops is largely unknown. this is
especially worrisome for features that are not obvious, such as for nutritional
components.

• there are reports from India of the deaths of hundreds of livestock in a number
of incidents, all after traditional grazing of post-harvest cotton fields, in this
case newly introduced transgenic Bt cotton (Ho, 2006; Mohabbat, 2007). Bt corn
has also been implicated in mass allergic reactions in humans to wind-blown
pollen from the transgenic crop in the Philippines. the victims blood turned
up antibodies to the Bt toxin (Aglionby, 2004). there are reports from India that
Bt cotton is associated with allergic reactions in cotton handlers (Gupta et al.,
2005).

• Separate groups in Spain, France, India and Italy (Collonier et al., 2003;
Hernández et al., 2003; Singh et al., 2007; rosati et al., 2008) report that trans-
genic crops are prone to genetic instability. the transgenes in commercial corn
varieties and soy varieties, when analyzed by DnA sequencing, were in each
case different from the ones described by the company of ownership when
they were released. Genetic rearrangements involving the CaMV 35S promoter
gene, known to be a ‘hotspot’ are purported to be the cause. In two cases,
scrambling of the genome beyond the transgene insert occurred.
the instability finding may put into perspective the incidents of livestock poi-
soning and mass human allergic reactions. these types of incidents have not
been reported in the US, and it may be genetic instability that is responsible
for the discrepancy. Such genetic instability would yield different proteomic
patterns between the initial introduction of a transgenic line (event) into a crop
breeding program to the final release, such as a crop variety developed for the
Philippines or one from an Indian branch of a biotechnology firm. there
appears to be no research on this issue.

• In a highly significant development, a 10-year Australian project to engineer
resistance to a weevil pest into peas showed that allergenic proteins were pro-
duced in the transgenic pea and that, as with Pusztai’s work on potato, the
process of genetic engineering caused the problem (Prescott et al., 2005). this
research is a major red flag for a couple of reasons, the first of which is that it
comes from a top-flight genetic engineering group. Secondly, the mechanism
for the creation of the allergenic protein is considered a new dysfunction in
plant transgenics. In this case, a common process known as glycosylation, in
which a sugar is attached to a protein, malfunctions. Glycosylation occurs rel-
atively late in the sequence from the gene insertion event to eventual protein
expression in the transgenic pea. the dysfunctional glycosylation process gen-
erates allergenic proteins which, in the current mode of testing transgenic
foods, is by-passed and would not be identified. there may be a number of
other transgenic foods on the market with this problem.

• In a 2008 report (Velimirov et al., 2008) of research commissioned by the Aus-
trian government, a long-term animal feeding experiment showed significant
reproductive problems in transgenic corn-fed rats when all groups were sub-
jected to multiple birth cycles, a regimen that has not hitherto been examined
in feeding studies comparing transgenic and non-transgenic foods.



44 Don Lotter

the Austrian research may highlight unpublished (in peer reviewed journals)
but widely disseminated (ermakova, 2006a, 2006b; ermakova and Barskov,
2006) experimental results of russian neuroscientist Irina ermakova of the
russian Academy of Sciences, in which rats fed diets containing transgenic soy
had significant reproductive problems. the controversy over her purportedly
biased treatment by editors and authors of a critique in the journal Nature is
discussed in Part 2.

• Immune system disturbances (Malatesta et al., 2002; Finamore et al., 2008) and
hepatorenal toxicity (Seralini et al., 2007) have been reported in transgenic
grain-fed test animals in feeding studies.

• Proteomic analysis (Zolla et al., 2008) has shown that, compared with the
genetically identical corn line minus the transgene package, the transgenic line
showed that 43 proteins had been up- or down-regulated. the authors state
that this may be the basis for determining non-substantial equivalence.

Veteran transgenics researcher Arpad Puzstai summed up the body of research done
on the health effects of transgenic foods: ‘A consistent feature of all the studies done,
published or unpublished… indicates major problems with changes in the immune
status of animals fed on various GM crops/foods’ (Smith, 2007).

Commenting on the lack of safety data on transgenic foods in the Journal of Medic-
inal Food, David Schubert, head of the Cellular neurobiology Laboratory at the Salk
Institute in California, wrote in 2008:

there are, in fact, no data comparing the food safety profiles of GM versus
conventional breeding, and the ubiquitous argument that ‘since there is no
evidence that GM products make people sick, they are safe’ is both illogical
and false. there are, again, simply no data or even valid assays to support
this contention. Without proper epidemiological studies, most types of harm
will not be detected, and no such studies have been conducted (Schubert,
2008).

Conclusion

the hasty transition of the radically new technology of crop transgenics from the
research and development stage to commercialization, in which products of the
young industry have permeated global food markets, has resulted in what may turn
out to be the largest diet experiment in history. this problem is limited to transgenic
foods and should not affect bacterial and pharmaceutical crop transgenics, with the
proviso that pharmaceutical crops be grown in enclosures which prevent pollen
escape and be transported and stored in systems which do not transport or store food
grains at any time.

the lack of oversight that has led to the transgenic foods situation has been a major
failure of US’s science leadership. this paper has reviewed the major points in the
history of these failures, from allowing biotechnology industry domination of US fed-
eral regulatory bodies overseeing transgenic products, to a lack of response to ‘red
flag’ incidents and research findings on transgenic crops and foods, to failure to ade-
quately analyze and characterize the genetic and phenotypic integrity of transgenic
products. Part 2 of this paper reviews the major factors in the failure of science to
oversee transgenics, and discusses the agro-ecological alternative to transgenics as a
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foundation for building world food security, on top of which can rest non-transgenic
biotechnologies and tried-and-true Green revolution methods.

References

AFrICAn Centre For BIoSAFetY (2007) Monsanto’s Genetically Modified Drought Tolerant Maize in South Africa.
African Centre for Biosafety, 1 May, published online <http://www.biosafety-info.net>, accessed 2 Feb-
ruary 2008.

AGLIonBY, J. (2004) Filipino islanders blame GM crop for mystery sickness, The Guardian, 3 March.
BAUe, W. (2003) Innovest report identifies business risk of genetic engineering for Monsanto investors,

Sustainability Investment News, 1 May, published online <www.socialfunds.com>, accessed 2 February
2008.

BeCKer, e., AnD BArBoZA, D. (2003) Battle over biotechnology intensifies trade war, The New York Times, 29
May.

BenBrooK, C. (2004) Genetically Engineered Crops and Pesticide Use in the United States: The First Nine Years.
Biotech Infonet technical Paper number 7, published online <http://biotech-info.net/highlights
.html#technical_papers>.

BenBrooK, C. (2005) Rust, Resistance, Run Down Soils, and Rising Costs - Problems Facing Soybean Producers
in Argentina. Ag Biotech Infonet technical Paper no. 8, published online <http://biotech-info.net/
higlights.html#technical_papers>.

BIoSCIenCe reSoUrCe ProJeCt (2007) Rethinking the Risks of Viral Transgenes in Plants. Bioscience resource
Project Commentary, 30 november, published online <http://www.bioscienceresource.org>, accessed
31 January 2008.

BoK, D. (2003) Universities in the Marketplace: The Commercialization of Higher Education. Princeton, nJ:
Princeton University Press.

Brenner, C. (2004) Telling Transgenic Technology Tales: Lessons from the Agricultural Biotechnology Support
Project (ABSP) Experience. International Service for the Acquisition of Agri-Biotech Applications, ISAAA
Brief no. 31, , published online <http://www.isaaa.org>, accessed 2 February 2008.

BUrCHer, S. and Ho, M.W. (2007) Scientists and MEPs for a GM free Europe. ISIS report 21/06/07, Institute
for Science in Society, published online <http://www.i-sis.org>, accessed 2 February 2008.

CAroLInA-VIrGInIA FArMer (2007) Palmer amaranth resistance threat to cotton industry, Carolina-Virginia
Farmer, 30 March.

CArUSo, D. (2007a) A challenge to gene theory, a tougher look at biotech, The New York Times, 1 July.
CArUSo, D. (2007) How to confine the plants of the future?, The New York Times, 8 April.
CHAPeLA, I. and QUISt, D. (2001) transgenic DnA introgressed into traditional maize landraces in oaxaca,

Mexico, Nature, 414(6863), pp. 541–543.
CHAUDHArY, K.B. (2007) India’s farming crisis, New Agriculturalist, March, published online <http://www.

new-ag.info>, accessed 2 February 2008.
CoLLonIer C., BertHIer, G., BoYer, F., DUPLAn, M., FernAnDeZ, S., KeBDAnI, n., KoBILInSKY, A., roMAnUK,

M. and BertHeAU, Y. (2003) Characterization of commercial GMO inserts: a source of useful material to study
genome fluidity. Poster presented at ICPMB: International Congress for Plant Molecular Biology,
Barcelona, 23–28th June 2003, published online <http://www.crii-gen.org>, accessed 2 February 2008.

DALton, r. (2008) Modified genes spread to local maize: findings reignite debate over genetically modified
crops, Nature, 456(7219), p. 149.

DoMInGo, J.L. (2007) toxicity studies of genetically modified plants: a review of the published literature,
Critical Reviews in Food Science and Nutrition, 47(8), pp. 721–733.

eArtHJUStICe (2006) Federal Court Rules Biopharm Permits Issued Illegally in Hawai’i, Press release, 14 August,
published online <http://www.earthjustice.org>, accessed 31 January 2008.

eAStHAM, K. and SWeet, J. (2002) Genetically Modified Organisms (GMOs): The Significance of Gene Flow
through Pollen Transfer: A Review and Interpretation of Published Literature and Recent/Current Research. envi-
ronmental Issue report no. 28, european environment Agency, 21 March, published online <http://
www.reports.eea.europa.eu>, accessed 2 February 2008.

eICHenWALD, K. (2001) redesigning nature: hard lessons learned; biotechnology food: from the lab to a
debacle, The New York Times, 25 Jan.

eICHenWALD, K. and KoLAtA, G. (2001) Biotechnology food: from the lab to a debacle, The New York Times,
25 January.

enCoDe ProJeCt ConSortIUM (2007) Identification and analysis of functional elements in 1% of the
human genome by the enCoDe pilot project, Nature, 447(7146), pp. 799–816.



46 Don Lotter

erMAKoVA, I.V. (2006a) Genetically modified soy leads to the decrease of weight and high mortality of rat
pups of the first generation. Preliminary studies, EcosInform, 1, 4–9 (in russian).

erMAKoVA, I.V. (2006b) Genetically modified organisms and biological risks, in: W. Amman, J. Haig, C.
Huovinen, M. Stoker (eds) Proceedings of International Disaster Reduction Conference, Davos, Switzerland,
August 27-September 1, 2006, Davos: IDrC, pp.168–171.

erMAKoVA, I.V. and BArSKoV, I.V. (2006) Influence of diet with the soy modified by the gene CP4 ePSPS on
physiological state of rats and their offspring, Agrarian russia 2006, in press.

etZKoWItZ, H. (2005) the rise of the entrepreneurial university, International Journal of Contemporary Soci-
ology, (42)1, pp. 28–43.

eWen, S.W.B. and PUSZtAI, A. (1999) effect of diets containing genetically modified potatoes expressing
Galanthus nivalis lectin on rat small intestine, The Lancet, 354, pp. 1353–1354.

eYre, C. (2007) GM thai rice on sale soon?, 13 September 2007, published online <http://ap-foodtech
nology.com>, accessed 2 February 2008.

FernAnDeZ-CorneJo, J. and MCBrIDe, W. (2002) Adoption of Bioengineered Crops. erS USDA Agricultural
economic report Aer810, Washington, DC: economic research Service.

FIG, D. (2007) Is Africa Being Bullied into Growing GM Crops? Science and Development network, 27 June,
published online <http://www.scidev.net>, accessed 2 Feb. 2008.

FInAMore A., roSeLLI, M., BrIttI, S., MonAStrA, G., AMBrA, r., tUrrInI, A. and MenGHerI, e. (2008) Intes-
tinal and peripheral immune response to Mon810 maize ingestion in weaning and old mice, Journal of
Agricultural and Food Chemistry, 56(23), pp. 11533–11539.

FLoreS, S., SAxenA, D. and StotZKY, G. (2005) transgenic Bt plants decompose less in soil than non-Bt
plants, Soil Biology and Biochemistry, 37(6), pp. 1073–1082.

FreeMAn, L. (2005) GM food legislation: modified foods in the halls of power, GeneWatch, 18(1), published
online <http://www.gene-watch.org>, accessed 2 Feb. 2008.

FreeSe, W. and SCHUBert, D. (2004) Safety testing and regulation of genetically engineered foods, Biotech-
nology and Genetic Engineering Reviews, 21, pp. 299–324.

FrIenDS oF tHe eArtH (2004) GM Crop Safety Tests ‘Flawed’, New Scientific Paper Shows Approval of Monsanto's
GM Corn Questioned. Friends of the earth press release, 16 nov., published online
<http://www.foe.org>, accessed 2 Feb. 2008.

FrIeSen, L., neLSon, A. and VAn ACKer, r. (2003) evidence of contamination of pedigreed canola (Brassica
napus) seedlots in Western Canada with genetically engineered herbicide resistance traits, Agronomy
Journal, 95, pp. 1342–1347.

GHoSH, P. (2007) Pest attack: Punjab Bt cotton crop may be set back by 25%, Mint/Wall Street Journal, 31
Aug., published online <http://livemint.com>, accessed 2 Feb. 2008.

GIBBS, W.W. (2003) the unseen genome: gems among the junk, Scientifc American, 289(55), 26–33.
GUerIn, B. (2005) the seeds of a bribery scandal in Indonesia, Asia Times, 20 Jan.
GUPtA, A., MUnDLAI, A. and nIDHI, A. (2005) Impact of Bt Cotton on Farmers’ Health. Investigation report

oct.–Dec. 2005, published online <http://www.gmwatch.org>, accessed 2 Feb. 2008.
HAMILton, D.P. (2004) Biotech's dismal bottom line: more than $40 billion in losses, Wall Street Journal, 20

May.
HeIneMAnn, J. (2007) A Typology of the Effects of Transgene Flow on the Conservation and Sustainable Use of

Genetic Resources. Background study paper no. 35 June. rome: Un FAo Commission on Genetic
resources for Food and Agriculture.

HernánDeZ, M., PLA, M., eSteVe, t., PrAt, S., PUIGDoMèneCH, P. and FerrAnDo, A. (2003) A specific real-
time quantitative PCr detection system for event Mon810 in maize YieldGard based on the
3’-transgene integration sequence, Transgenic Research, 12, pp. 179–189.

HILLBeCK, A. and SCHMIDt, J. (2006) Another view on Bt proteins: how specific are they and what else might
they do?, Biopesticides International, 2(1), pp. 1–5.

Ho, M. (2006) Mass Deaths in Sheep Grazing on Bt Cotton. ISIS Press release 03/05/06, published online
<http://www.i-sis.org.uk>, accessed 2 Feb. 2008.

Ho, M. (2007) Philanthropy Gates style, Science in Society, 35, pp. 4–8, published online <http://www.i-
sis.org.uk>, accessed 2 Feb. 2008.

JAkARTA POST (2007) Govt urged to get serious about promoting biotechnology, The Jakarta Post, 19 July.
JoStA, P., SHUrLeYB, D., CULPePPerB, S., roBertSB, P., nICHoLSC, r., reeVeSC, J. and AntHonYD, S. (2008) eco-

nomic comparison of transgenic and nontransgenic cotton production systems in Georgia, Agronomy
Journal, 100, pp. 42–51.

KLeInMAn, D.L. (2003) Impure Cultures: University Biology and the World of Commerce. Madison, WI: Univer-
sity of Wisconsin Press.

KLeter, G.A. and PeIJnenBUrG, A. (2002) Screening of transgenic proteins expressed in transgenic food
crops for the presence of short amino acid sequences identical to potential, Ige – binding linear epitopes
of allergens, BMC Structural Biology, 2(8).



Genetic Engineering of Food and the Failure of Science – Part 1 47

KrIMSKY, S. (2003) Science in the Private Interest: Has the Lure of Profits Corrupted Biomedical Research? Lanham,
MD: rowman and Littlefield.

LAtHAM, J. and SteInBreCHer, r. (2004) Gene flow (B): horizontal gene transfer of viral inserts from GM
plants to viruses, technical Paper for GM Science review Meeting of the royal Society of edinburgh
‘GM Gene Flow: Scale and Consequences for Agriculture and the environment’, published online
<http://www.econexus.info>, accessed 2 Feb. 2008.

LAtHAM, J.r., WILSon, A.K. and SteInBreCHer, r.A. (2006) the mutational consequences of plant transfor-
mation, Journal of Biomedicine and Biotechnology, 2006, pp. 1–7.

LAtHAM, J. and WILSon, A. (2007) transcomplementation and synergism in plants: implications for viral
transgenes?, Molecular Plant Pathology, 8(6), pp. 1–19.

LéGère, A. (2005) risks and consequences of gene flow from herbicide-resistant crops: canola Brassica napus
L. as a case study, Pest Management Science, 61(3), pp. 292–300.

LeYDeSDorFF, L. and etZKoWItZ, H. (2001) the transformation of university-industry-government relations,
Electronic Journal of Sociology, 4(5), published online <http://www.sociology.org>.

LoPeZ VILLAr, J., FreeSe, A., BeBB, A., BASSeY, n., AMénDoLA, C. and FerreIrA, M. (2007) An analysis of the
global performance of GM crops (1996–2006). Friends of the earth ‘Who benefits from GM crops?’ issue
111, Jan.

LoPeZ-VILLAr, J. and FreeSe, W. (2008) The Rise in Pesticide Use. Friends of the earth International/Center
for Food Safety ‘Who Benefits from GM Crops?’ issue 112, Jan., published online <http://www.center-
forfoodsafety.org/WhoBenefitsPr2_13_08.cfm>, accessed 12 Dec. 2008.

Lotter, D. (2003) organic agriculture, Journal of Sustainable Agriculture, 21(4), pp. 59–128.
MALAteStA, M., CAPorALonI, C., GAVAUDAn, S., roCCHI, M., SerAFInI, S., tIBerI, C. and GAZZAneLLI, G. (2002)

Ultrastructural morphometrical and immunocytochemical analyses of hepatocyte nuclei from mice fed
on genetically modified soybean, Cell Structure and Function, 27(4), pp. 173–180.

MArVIer, M. (2007) Pharmaceutical crops have a mixed outlook in California, California Agriculture, 61(2),
pp. 59–66.

MArVIer, M. and VAn ACKer, r. (2005) Can crop transgenes be kept on a leash?, Frontiers in Ecology and the
Environment, 3(2), pp. 93–100.

MCInerneY, C., BIrD, n. and nUCCI, M. (2004) the flow of scientific knowledge from lab to the lay public:
the case of genetically modified food, Science Communication, 26, pp. 44–74.

MeLLMAn GroUP, InC. (2006) Public Sentiment About Genetically Modified Foods (2006). Pew Initiative on Food
and Biotechnology, published online <http://www.pewagbiotech.org>, accessed 2 Feb. 2008.

MeLLon, M. and rISSLer, J. (2003) environmental effects of genetically modified food crops, recent experi-
ences, Paper presented at conference ‘Genetically Modified Foods – the American experience’, royal
Veterinary and Agricultural University, Copenhagen, Denmark, 12–13 June, published online
<http://www.ucsusa.org>, accessed 2 Feb. 2008.

Merrett, n. (2007) GM food industry eyes growth in the east, FoodNavigator.com, 8 March, published online
<http://www.foodnavigator.com>, accessed 2 Feb. 2008.

MetZLAFF, M., o’DeLL, M., CLUSter, P.D. and FLAVeLL, r.B. (1997) rnA-mediated rnA degradation and
chalcone synthase A silencing in petunia, Cell, 88(6), pp. 845–854.

MoHABBAt, L. (2007) Skin allergy and pulmonary problems reported with Bt cotton, Desh Sewak, 16 oct.
(in Punjabi), 21 oct., published online in english trans. <http://www.gmwatch.org>, accessed 2 Feb.
2008.

MYerSon, A.r. (1997) Seeds of discontent: cotton growers say strain cuts yields, The New York Times, 19
nov.

MYHre, M.r., Fenton, K.A., eGGert, J., nIeLSen, K.M. and trAAVIK, t. (2006) the 35S CaMV plant virus
promoter is active in human enterocyte-like cells, European Food Research and Technology, 222(1–2), pp.
185–193.

norDLee, J.A., tAYLor, S.L., toWnSenD, J.A., tHoMAS, L.A. and BUSH, r.K. (1996) Identification of a Brazil-
nut allergen in transgenic soybeans, New England Journal of Medicine, 334(11), pp. 688–692.

oWen, M. and ZeLAYA, I. (2005) Herbicide-resistant crops and weed resistance to herbicides, Pest Manage-
ment Science, 61, pp. 301–311.

PLAnt MAnAGeMent netWorK (2007) Giant ragweed seventh U.S. weed confirmed resistant to glyphosate,
Crop Management, 24 Jan., published online <http://www.plantmanagementnetwork.org>, accessed 2
Feb. 2008.

PoLLACK, A. (2007) U.S. agency violated law in seed case, judge rules, The New York Times, 14 Feb.
PrAKASH, C.S. (2002) Joint Statement in Support of Scientific Discourse in Mexican GM Maize Scandal.

AgbioWorld, published online <http://www.agbioworld.org/jointstatement.html#signed>, accessed
May 7, 2009.

PrenSA LAtInA (2007) Mexico under pressure to grow transgenic plants, Prensa Latina press release, 20
Aug, published online <http://agbios.com/static/news/neWSID_8741.php>, accessed 2 Feb. 2008.



48 Don Lotter

PreSCott, V.e., CAMPBeLL, P.M., Moore, A., MAtteS, J., rotHenBerG, M., FoSter, P.S., HIGGInS, t.J.V. and
HoGAn, S.P. (2005) transgenic expression of bean α-amylase inhibitor in peas results in altered structure
and immunogenicity, Journal of Agricultural and Food Chemistry, 53(23), pp. 9023–9030.

PreSS, e. and WASHBUrn, J. (2000) the kept university, Atlantic Monthly, 285(3).
QAIM, M. and ZILBerMAn, D. (2003) Yield effects of genetically modified crops in developing countries, Sci-

ence, 299, p. 900.
roBInSon, C. (2004) Biotech Investment Busy Going Nowhere. Institute of Science in Society press release 13

July, published online <http://www.i-sis.org.uk>, accessed 2 Feb. 2008.
roSAtI, A., BoGAnI, P., SAntArLASCI, A. and BUIAttI, M. (2008) Characterisation of 4’ transgene insertion

site and derived mrnAs in Mon810 YieldGard maize, Plant Molecular Biology, 67, pp. 271–281.
roSI-MArSHALL, e.J., tAnK, J.L., roYer, t.V., WHILeS, M.r., eVAnS-WHIte, M., CHAMBerS, C., GrIFFItHS, n.A.,

PoKeLSeK, J. and StePHen, M.L. (2007) toxins in transgenic crop byproducts may affect headwater stream
ecosystems, Proceedings of the National Academy of Sciences, 104: pp. 16204–16208

rYAn, r. (2007) More than 70% of europeans are against GM food, say surveys, Irish Examiner, 15 Sept.
SCHUBert, D.r. (2008) the problem with nutritionally enhanced plants, Journal of Medicinal Food, 11(4), p.

601.
SeeDQUeSt (2000) Smaller Farms Often See Smaller Profits from Genetically Modified Crops, University of Wis-

consin-Madison Study Shows, Seedquest Press release, 27 Dec., published online <http://www
.seedquest.com/news/releases/usa/Universities/n3220.htm>, accessed 2 Feb. 2008.

SerALInI, G. e., CeLLIer, D. and De VenDoMoIS, J.S. (2007) new analysis of a rat feeding study with a genet-
ically modified maize reveals signs of hepatorenal toxicity, Archives of Environmental Contamination and
Toxicology, 52(4), pp. 596–602.

SHeeHAn, C. (2006) Scientists see spike in kids’ food allergies, Chicago Tribune, 9 June.
SInGH, C.K., oJKA, A., KAMLe, S. and KACHrU, D.n. (2007) Assessment of cry1Ab transgene cassette in com-

mercial Bt corn Mon810: gene, event, construct & GMo specific concurrent characterization, Nature
Protocols, published online <http://www.natureprotocols.com/2007/10/23/assessment_of_cry1ab
_transgene.php>.

SLAUGHter, S. and rHoADeS, G. (2004) Academic Capitalism and the New Economy : Markets, State, and Higher
Education. Baltimore, MD: Johns Hopkins University Press.

SMItH, J. (2003) Seeds of Deception. Fairfield, IA: Yes Books.
SMItH, J. (2007) Genetically engineered foods may cause rising food allergies – Part 2. Spilling the Beans,

Seeds of Deception Newsletter, June, published onlint <http://www.seedsofdeception.com>, accessed 2
Feb. 2008.

Stone, G.D. (2002) Biotechnology and auicide in India, Anthropology News, 43(5).
Stone, G. (2007) Agricultural deskilling and the spread of genetically modified cotton in Warangal, Current

Anthropology, 48(1), pp. 67–103.
tABASHnIK, B.e., CArrIère, Y., DenneHY, t.J., MorIn, S., SISterSon, M.S., roUSH, r.t., SHeLton, A.M. and

ZHAo, J.Z. (2003) Insect resistance to transgenic Bt crops: lessons from the laboratory and field, Journal
of Economic Entomology, 96, pp. 1031–1038.

trAAVIK, t. and HeIneMAnn, J. (2007) Genetic Engineering and Omitted Health Research: Still No Answers to
Ageing Questions. tWn Biotechnology & Biosafety Series 7. Penang, Malaysia: third World network.

VACHer, C., WeIS, A.e., HerMAnn, D., KoSSLer, t., YoUnG, C. and HoCHBerG, M. (2004) Impact of ecological
factors on the initial invasion of Bt transgenes into wild populations of birdseed rape (Brassica rapa),
Theoretical and Applied Genetics, 109(4), pp. 806–814.

VAn LAreBeKe, n., GeneteLLo, C., SCHeLL, J., SCHILPeroort, r.A., HerMAnS, A.K., HernALSteenS, J.P. and
VAn MontAGU, M. (1975) Acquisition of tumour-inducing ability by non-oncogenic agrobacteria as a
result of plasmid transfer, Nature, 255(5511), pp. 742–743.

VeLIMIroV, A., BInter, C. and ZenteK, J. (2008) Biological Effects of Transgenic Maize Nk603xMON810 Fed in
Long Term Reproduction Studies in Mice. Vienna: Bundesministerium für Gesundheit, Familie und Jugend.

WAnG, S., JUSt, D.r. and PInStrUP-AnDerSen, P. (2006) tarnishing silver bullets: bt technology adoption,
bounded rationality and the outbreak of secondary pest infestations in China, Paper presented at the
American Agricultural economics Association Annual Meeting Long Beach, CA, 22–26 July, published
online <http://www.grain.org>, accessed 2 Feb. 2008.

WArWICK, S.I., LeGere, A., SIMArD, M.J. and JAMeS, t. (2007) Do escaped transgenes persist in nature? the
case of an herbicide resistance transgene in a weedy Brassica rapa population, Molecular Ecology, 17(5),
pp. 1387–1395

WeISS, r. (2007) Probe into tainted rice ends: USDA unable to find explanation or determine blame, Wash-
ington Post, 6 oct.

WeLSH, r. and GLennA, L. (2007) Considering the role of the university in conducting research on agri-
biotechnologies, Social Studies of Science, 36(6), pp. 929–942.



Genetic Engineering of Food and the Failure of Science – Part 1 49

WISner, r. (2005) Genetically Modified Wheat is Still a Market Risk: Market Impacts from Commercializing Round-
Up Ready® Wheat. Western organization of resource Councils press release, May, published online
<http://www.worc.org>, accessed 31 Jan. 2008.

YoSHIMUrA, Y., BeCKIe, H. and MAtSUo, K. (2006) transgenic oilseed rape along transportation routes and
port of Vancouver in western Canada, Environmental Biosafety Research, 5(2), pp. 67–75.

ZoLLA, L., rInALDUCCI, S., AntonIoLI, P. and rIGHettI, P.G. (2008) Proteomics as a complementary tool for
identifying unintended side effects occurring in transgenic maize seeds as a result of genetic modifica-
tions, Journal of Proteome Research, 7(5), pp. 1850–1861.



Int. Jrnl. of Soc. of Agr. & Food, Vol. 16, No. 1, pp. 50–68

ISSn: 0798-1759 this journal is blind refereed.

Abstract. Factors in the failure of the scientific community to properly oversee agri-
cultural transgenics are presented. The large-scale restructuring of university
science programs in the past 25 years from a model based on non-proprietary sci-
ence for the ‘public good’ to the ‘academic capitalism’ model based on the
‘knowledge economy’ is discussed in the context of the failure of the science com-
munity to oversee the transition of transgenic crop technology from the research
stage to commercialization. Discussed are increasing science community and uni-
versity dependence on private industry funding and on development of
proprietary technologies; monopolization of the make-up of expert scientific bod-
ies on transgenics by pro-industry scientists with vested interests in transgenics;
deficient scientific protocols, bias, and possible fraud in industry-sponsored and
industry-conducted research; increasing politically and commercially driven
manipulation of science within federal regulatory bodies such as the FDA; and
bias in the peer-review process, tolerance by the scientific community of biotech-
nology industry manipulation of the information environment, and of biased
treatment and harassment of non-compliant scientists. Discussed are future food
production strategies for developing countries, recently framed in the 2008 UN-
sponsored International Assessment of Agricultural Knowledge, Science, and
Technology, an action plan that emphasizes non-proprietary, agroecology-based
approaches to food production and does not include crop transgenics as a central
strategy. The under-funding of non-proprietary agroecological approaches to food
production is discussed.

Don Lotter, <http://www.donlotter.net>. e-mail: don@donlotter.net. Don Lotter has a Ph.D.
in agroecology from the University of California Davis. He did his post-doctoral work on or-
ganic crop systems at the rodale Institute in Pennsylvania, later was a journalist for rodale’s
new Farm magazine. Since 2005, he has taught at Imperial Valley College, Santa Monica Col-
lege, and the University of California Davis. He is based in Davis, California and currently is
spending a year as a freelance writer, most recently as a visiting scientist at Colegio Postgrad-
uados in Chapingo, Mexico.

The Genetic Engineering of Food and the Failure of
Science – Part 2: Academic Capitalism and the Loss of
Scientific Integrity

[Paper first received, 10 December 2007; in final form, 23 December 2008]

Don Lotter



51 Don Lotter

Factors in the Failure of Science

the hasty transition of the radical technology of crop transgenics from the research
and development stage to commercialization, in which products of the young indus-
try have permeated global food, feed, and fiber markets, has resulted in what may
turn out to be the largest diet experiment in history. the lack of oversight that has
led to this situation has been a major failure of science leadership. Part 1 of this paper
reviewed the development and current picture of the transgenic crops industry, the
history of oversight failures, from allowing biotechnology industry domination of
US federal regulatory bodies overseeing transgenic products, to a lack of response to
‘red flag’ incidents and profoundly troublesome research findings on transgenic
crops and foods, to the failure to adequately analyze and characterize the genetic and
proteomic integrity of transgenic products.

At the core of this failure appears to be the restructuring of research university sci-
ence programs in the past 25 years from a non-proprietary ‘public goods’ approach
to one based on dependence on private industry. Additional ramifications of this shift
that have been factors in the transgenics issue are:

• tolerance by the scientific community of bias against and mistreatment of non-
compliant scientists whose work results in negative findings for transgenics,
including editorial decisions by peer-reviewed journals, as well as tolerance
of biotechnology industry manipulation of the information environment;

• monopolization of the make-up of expert scientific bodies on transgenics by
pro-industry scientists with vested interests in transgenics;

• deficient scientific protocols, bias, and possible fraud in industry-sponsored
and industry-conducted safety testing of transgenic foods; and

• increasing politically and commercially driven manipulation of science within
federal regulatory bodies such as the FDA.

The Shift to Academic Capitalism and the Knowledge Economy

the large-scale shift of university science program funding in recent years from pub-
lic (state and federal) monies to dependence on private industry sources has been
described in a number of publications (Press and Washburn, 2000; Kleinman, 2003;
Krimsky, 2003; etzkowitz, 2005; Welsh and Glenna, 2007). the term ‘academic capi-
talism’ (Slaughter and rhoades, 2004) has been used to describe the new orientation,
whose cornerstone, as described by Slaughter and Leslie (1997), is science ‘embedded
in commercial possibility’. In this model, university research is harnessed to promote
the emergence of the ‘knowledge economy’ in which ‘new circuits of knowledge’
linking university scientists with the ‘new economy’ are forged.

the academic capitalism model replaces or subsumes the model of the university
described during the 1940s and 1950s by Vannevar Bush and robert Merton. the
‘public good’ model as set out by Vannevar Bush (1945) maintained that university
researchers must focus on basic science, must have the freedom to pursue scientific
research wherever it leads, whether potentially profitable or not, and that there is to
be a separation of the university and the private sector (Welsh and Glenna, 2007).

the CUDoS model of robert Merton (communalism, universality, disinterested-
ness, and organized skepticism) (Schuster, 1995), otherwise known as the Mertonian
norms of science, have traditionally been pillars of university science. CUDoS
posited that scientific findings are common property, that scientists must remain
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detached from their research, and that the results must always be subject to healthy
skepticism. In the Mertonian model there was little room for commercialism. the
process and ramifications of the sea change from the Bush/Merton model of public
good and communal science to the ‘new economy’ model underlain by private intel-
lectual property has been extensively discussed in the work of Henry etzkowitz
(2005).

Central to the shift of universities to the new economy model has been the 1980
Bayh-Dole Act of the US Congress, which created closer ties between university
research programs and private industry by increasing the ability of universities to
retain intellectual property created with federal funding. one author offers no less
than 18 citations attesting to the fact that the Bayh-Dole Act was ‘extremely impor-
tant’ in the creation of this new university dynamic (Metlay, 2006). Biotechnology has
been the sector benefiting the most from the post-Bayh-Dole arrangement (Argyres
and Liebeskind, 1998).

Busch et al. (1991) write that the distinction between universities conferring ben-
efits to private interests vs. benefits to the public good is sometimes blurred. these
authors find that university administrators of technology-transfer offices, charged
with securing funding opportunities from private industry and with promoting uni-
versity–industry relations, see themselves as contributing to the public good by
justifying their budgets to state governments. Smith-Doerr (2005) posits that the aca-
demic capitalism model does not replace or delegitimize the Bush/Merton model,
as is common in other scientific revolutions, but coexists with it. Welsh and Glenna
(2007) maintain that the non-profit nature of universities charges them with different
roles and responsibilities in society than private enterprise and that these responsi-
bilities entail service to the public good via non-proprietary research.

Shortly after the implementation of the Bayh-Dole Act, US science as a body pre-
dicted its own failure with respect to universities’ handling of biotechnology industry
money and ties. A 1984 American Association for the Advancement of Science report
(the nelkin report) on the ramifications of the closer university–industry ties result-
ing from the Bayh-Dole Act, wrote:

If ties to industry encourage secrecy, divert faculty away from university-
centered research and education, bring external control of the direction of
research, and allow profit motives to enter discussions about hiring or pro-
motion, then such ties may indeed erode what is left of the image of the uni-
versity as a detached institution able to provide relatively impartial,
independent, and therefore credible expertise (nelkin, 1984).

Derek Bok, former president of Harvard University, warned of the insidiousness of
the slide toward loss of scientific integrity that comes with increased commercial ties:
‘[a]t the outset, profits to be made seem all too tangible, while the risks appear to be
manageable and slight.… the problems come so gradually and silently that their link
to commercialization may not even be perceived (Bok, 2003). He suggests pondering
the lesson of the gradual commercialization of university athletics. Bok attributes the
commercialization of academia to a loss of academic values and direction, in addition
to the loss of state and federal appropriations and the shift to the knowledge-based
economy.

Biotechnology industry influence over university research priorities can be seen
at the 10-campus University of California system. Despite the tens of millions of dol-
lars coming in to the university for research on transgenics, research on issues such
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as transgenic food safety, gene migration, and on ownership of the food chain are
‘very small’ (norman ellstrand, personal communication, 2007) or ‘lacking’ (Paul
Gepts, personal communication, 2007) according to knowledgeable faculty. this
imbalance is reflected at the USDA, which disburses research funding to universities.
In the period from 1992 to 2002, the USDA disbursed $1.8 billion for biotechnology
research. Approximately 1% ($18 million) of this went to risk-related research (Mellon
and rissler, 2003). Biotechnology industry influence and involvement at the Univer-
sity of California is growing. recently there has been controversy over the University
of California Berkeley’s proposed acceptance of $500 million from BP Corporation,
mostly for biotechnology research (Brenneman, 2006). 

Welsh and Glenna (2007) present evidence that investments in crop biotechnology
research have ‘overwhelmingly been targeted at plants and traits that are of interest
to the largest firms’. the authors present the case that research on non-proprietary
solutions which benefit the wider public has been lacking and that this arena should
be central to the mission of universities and other non-profit research institutions,
and that ‘an increasing number of authors argue that the mission of universities to
address public concerns has been altered’.

How have science faculty dealt with the change to profit-oriented science? Smith-
Doerr posits that an important factor in university scientist legitimization of more
commercially oriented biotechnology research is the shift to a network form of organ-
ization connecting scientists in university and industry, as distinct from the more
traditional dual hierarchical structure. this network dynamic blurs the boundaries
between the two environments; whereas in the hierarchical model the boundaries
between university and industry are clearly defined and the two are segregated.
Ambivalence and uncertainty are more easily dealt with by players in the networked
model, according to Smith-Doerr (2005).

Given the increasing dependence on industry funding and proprietary science, sci-
entists who have invested their careers in genetic engineering and who have second
thoughts about continuing may not easily be able to change to another field. Says one
veteran transgenics researcher: ‘As a scientist, once you narrow down into Ge, your
skills are very much in that area. You can’t just say, “I don't like this area any more,
I'll zip over to plant breeding instead”’ (Press, 2007). nor can scientists easily carry
out research or raise questions that put transgenics in a negative light. Such research
appears to be lacking at US universities. this may also be because as more pro-indus-
try scientists populate science faculties, they exert a pull on neutral faculty towards
industry-oriented research (Stuart and Ding, 2006).

The New York Times, in a 2009 article ‘Crop scientists say biotechnology seed com-
panies are thwarting research’ (Pollact, 2009) reported that 26 crop scientists
submitted a statement to the US environmental Protection Agency protesting the
agreements they are required to sign in order to acquire transgenic seed, which limit
their ability to do needed research on transgenic crops. the result, they write, is that
‘no truly independent research can be legally conducted on many critical questions
regarding the technology’. the scientists requested that their names not be used as
they feared repercussions that would affect their careers.

It is to the bewilderment of this author that, despite the august tradition of aca-
demic tenure and its protection, so few US scientists have taken on research that
examines the glaring questions which have clearly and persistently arisen on issues
of food safety and environmental and genetic integrity in crop and food transgenics
– questions that have persisted for some 15–20 years. If ever there was a raison d’être
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for the tradition of academic tenure, it is to protect scientists who carry out such
unpopular ‘against the tide’ academic work. needed are sociological studies which
go beyond examining the broad process of scientists shifting to the ‘knowledge econ-
omy’ and which examine how scientists have dealt with the ample evidence of
profound problems with transgenics. Were most scientists insulated from exposure
to such evidence? or, if exposed to evidence of problems in transgenics, how did sci-
entists make decisions to remain silent and go with status quo vs. becoming a
transgenics promoter vs. raising unpopular questions?

one issue that I, the author, have had to deal with in writing this paper is that its
publication and subsequent appearance on my resume will likely take me out of the
running for academic and teaching positions at the majority of agriculture programs
(my area of training) in the US, even those that prominently feature sustainable and
organic programs. there has clearly been an unwillingness in agriculture-related pro-
grams to openly debate the issue of transgenics. It is generally undergraduate groups,
who have much less at stake, who bring the transgenics debate to universities. A
number of faculty whom I have approached to give my talk on this issue, assuring
them that it is well-researched and not an ‘anti-technology’ rant, have simply told
me that it is too risky for them to sponsor, the issue is too controversial or unwanted.
Undergraduate groups have been much more receptive.

Bias against and Mistreatment of Dissenting Scientists

the issue of suppression of dissent in science has reared its head in the transgenics
issue. Sociologist Brian Martin, in a paper ‘Suppression of dissent in science’, writes
on the title topic: ‘there is no body of work in sociology on the topic and no standard
theoretical frameworks for dealing with it’ (Martin, 1999).

Bias against dissenting scientists in transgenics has occurred in hiring and promo-
tion decisions, illustrated by the Chapela and Pusztai affairs. In the former,
University of California scientist Ignacio Chapela, whose research showed transgene
contamination of native corn in Mexico (reviewed below), was denied tenure by a
committee which, according to one science historian, was characterized by ‘conflict
of interest as naked as it gets’ (Abate, 2003). (Chapela appealed and was later granted
tenure.)

The Pusztai Affair

Arpad Pusztai of the rowett Institute was one of the top plant transgenics scientists
in europe. His team was selected to develop safety-testing protocols for genetically
engineered foods, and he developed a project to insert genes for a lectin, a natural
insecticide, into potato. Pusztai found that the process of genetic engineering intro-
duced fundamental changes to the genetics of the potato, to the extent that elements
other than the natural form of lectin caused test rats to develop a number of health
problems, briefly described in Part 1.

Pusztai knew that europe, being pushed aggressively by pro-transgenics scientists,
was rapidly moving towards approving transgenic crops and foods, and that it
would take 1–2 years for his results to be published through the peer-review process.
He therefore took his results public, a common practice in science (Woloshin and
Schwartz, 2002; Bressler et al., 2004), especially with respect to health and medical
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issues. Pusztai was subsequently dismissed from his post at the rowett Institute, his
large research team disbanded, he was gagged with lawsuit threats, and the research
project terminated. Despite formidable resistance and attacks from Britain’s main sci-
entific body, the royal Society (Smith, 2003), his work was published in the medical
journal The Lancet (ewen and Pusztai, 1999). According to one molecular biologist:
‘[t]he Pusztai study is the best designed and carefully controlled study of its kind.
Compared to industry studies, it is leagues apart’ (Antoniou in Smith, 2007). If Pusz-
tai’s results had been suppressed, as was attempted, the transgenic lectin potato
would very likely be on the market today.

the Pusztai and Chapela affairs are strong messages for young faculty who wish
to develop their careers and research areas – the message is: ‘don’t challenge the
transgenics paradigm if you want tenure’. As Ignacio Chapela is quoted saying, refer-
ring to his near denial of tenure experience: ‘they have made an example of me.
other scientists see this and decide that maybe they should go back to studying the
bristles on the back of a bug’ (ross, 2004).

editorial bias in peer-review journals against dissenting scientists on the transgen-
ics issue, combined with positive bias for transgenics promoters, is an issue. one
study showed that nearly eight out of 10 scholars surveyed perceived bias in the
peer-review publication process in favor of scholars who publish material which is
positive to the current paradigm and ‘normal science’ and against recognizing schol-
ars publishing on unorthodox subjects, and that the prestige of the submitter and
his/her institution is correlated with passing peer review (Sigelman and Whicker,
1987). three examples illustrate this pattern in transgenics.

The Chapela Affair: Pressure to Retract a Peer-reviewed Paper Unfavorable to Transgenics

Ignacio Chapela, professor at the University of California Berkeley, tested native corn
being grown in indigenous areas of oaxaca in Mexico and found genetic contamina-
tion by transgenes from exported US corn, a highly significant finding that has never
been disputed. A second finding in the paper, published in the journal Nature, that
transgenic DnA is unstable and that fragmentation occurs during the transformation
process, was the source of controversy.

on the day the Quist and Chapela (2001) paper was published, emails attacking
him and his research started showing up on AgBioWorld, an Internet forum popular
with biotechnology scientists. AgBioWorld was associated with the Competitive
enterprise Institute, an industry-funded body ‘notorious for its extreme pro-corpo-
rate agenda’ (GM Watch, 2002a; Matthews, 2003a). the emails accused Chapela of
being an ‘activist first’ and a ‘scientist second’, that he colluded in attacks on ‘biotech-
nology, free trade, intellectual property rights’, and participated in other ‘politically
motivated agenda items’. they insinuated that Chapela had actually designed his
research in collusion with ‘fear-mongering activists’ and asked how much money
Chapela was getting in expenses from the ‘anti-biotech industry’. Later, the vice-pres-
ident of BIo, the Biotechnology Industry organization, is quoted as saying that the
authors’ (Chapela and co-author Quist) ‘commitment was not to data and science but
to a religious commitment to an [anti-biotechnology] dogma’ (Matthews, 2003b).

there have been reports in the media that the attacks on Chapela on Internet
biotech forums were part of the ‘viral marketing strategy’ of a specific biotechnology
company (Quist and Chapela, 2001), and that these attacks came from ‘phantom sci-
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entists’ – phony personages created by the viral strategists – whose emails were
shown to have originated on the servers of the biotechnology company’s Pr group
in the US (Littek, n.d.; Monbiot, 2002a, 2002b; ross, 2004).

After the attacks were posted on AgBioWorld, negative articles began appearing
in the press with headlines such as ‘Doubts over Mexican GM maize report’ (Kirby,
2002). this, plus a massive email campaign to the editor of Nature, galvanized sup-
port for pressuring Nature to retract Chapela’s paper. Nature appointed a committee
to examine possible retraction. the paper’s main finding that transgenes were found
in native Mexican corn was upheld by the committee. However, the second conclu-
sion of the Chapela paper, that fragmentation and subsequent ‘jumping’ of transgenic
DnA occurs, was not accepted. nevertheless, despite two of three referees failing to
find sufficient reason to retract the paper, Nature published a statement that there was
‘insufficient evidence to justify the original publication’ (Dalton, 2008) (not a retrac-
tion). With this decision, ‘the biotechnology industry won a major public relations
victory’, according to one media source (Philipkoski, 2002). BBC news criticized
Nature’s editor for going against the majority decision of the committees (GM Watch,
2002b). A well-balanced journalistic review of the retraction controversy exists by
Salah (2002).

one major point stands out on the Chapela affair after five years: the fragmenta-
tion and subsequent movement of transgenic DnA in plants, as posited in the
Chapela paper, has become the focus of research, as described in works cited in Part
1 of this paper. the idea that DnA fragmentation and migration to other parts of the
genome is ‘unprecedented’, ‘revolutionary’, ‘totally ludicrous’, and ‘more mysticism
than science’ (Sallah, 2002), as described by Chapela’s detractors during the contro-
versy, is looking much less likely.

A november 2008 article in Nature reports that research to be published in the jour-
nal Molecular Ecology has replicated Chapela’s finding of transgene contamination of
native Mexican maize but does not mention DnA fragmentation and migration (Dal-
ton, 2008).

The Wormy Corn Affair: Refusal of a Peer-reviewed Journal to Retract a Discredited Pro-
transgenics Paper

In 2003, the British Food Journal (BFJ) published a paper by a Canadian research team
(Powell et al., 2003) which reported that consumers were 50% more likely to choose
transgenic sweet corn than non-transgenic from bins at a farmers market. the paper
won the journal’s 2004 award for excellence. However, a book (Laidlaw, 2003) on
food by a Toronto Star journalist showed photos of the corn bins in the study with a
sign on the non-transgenic corn saying ‘Would you eat wormy corn?’ and one on the
transgenic corn saying ‘Here’s what went in producing quality sweet corn’, with each
sign showing the number of times the corn was sprayed with pesticide (non-trans-
genic corn much higher). these signs were not reported in the BFJ paper.

A furor developed in which accusations of fraud from detractors and libel and
defamation from the one or more of the paper’s authors were exchanged. the editor
of the BFJ has refused to either retract the paper or the award for excellence or pub-
lish any more discussion on the issue. evidence supporting the contention that the
signs were posted during a substantial part, if not all, of the data collection period
(several months) has been reported in a letter to the BFJ (Cummings et al., 2008), call-
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ing for the paper’s retraction, signed by an international roster of 40 scientists. the
letter states that the BFJ paper ‘is highly misleading, if not a flagrant fraud’.

The Ermakova Affair: Allegations of Unfair Treatment of a Dissenting Scientist by the
Editors and Authors of nature Biotechnology

Irina ermakova, a physiologist with the russian Academy of Sciences, has reported
significant health problems in rats fed transgenic soy in several experiments, briefly
described in Part 1 of this paper. ermakova has reported her results at conferences
but has not published in the peer-reviewed literature (Marshall, 2007).

the widespread reporting of ermakova’s findings prompted a piece in Nature
Biotechnology (Marshall, 2007) critiquing her experimental protocols. the published
critique has elicited allegations of bias on the part of the journal Nature Biotechnology
and that ermakova’s critics in the article were ‘grossly unfair’. According to
ermakova (GeneWatch, 2007), she was invited by Nature Biotechnology to answer a
set of questions about her research methods and results. She was sent what turned
out to be a dummy copy of the article which listed her as author. She was never told
the names of the four British and American men, all well-known scientists in trans-
genics, who turned out to be authors of the critical piece, and she was never shown
their comments. Most of ermakova’s references were removed and replaced with
citations chosen by the four authors. According to ermakova, the authors criticized
her lack of data but never gave her an opportunity to provide the needed data. Nature
Biotechnology received a number of letters protesting the article and published some
of them in the December 2007 issue of Nature Biotechnology (2007), along with a piece
by the editor, which stated ‘a more thorough editorial effort should be undertaken to
ensure that authors whose work is being commented upon have sufficient opportu-
nity to respond to criticisms’.

A glaring fact overshadows and highlights the entire ermakova affair: that, as of
June 2008, virtually no research had been done other than hers which carries out
long-term animal feeding comparisons of transgenic vs. non-transgenic foods in
which critically important parameters such as reproductive health are closely exam-
ined (Domingo, 2007). this fact, in this author’s opinion, greatly reduces the ability
of the Nature Biotechnology critique to delegitimize ermakova’s research and high-
lights the issue itself and the need for properly funded, designed, and executed
research that replicates hers. Soy is the most common and voluminous of the trans-
genic foods in the human diet, in terms of proteins, which are the critical entity (as
distinct from fats or sugars).

Monopolization of Expert Scientific Bodies on Transgenics

the one-sided pro-transgenics view is endemic in elite scientific institutions like the
national Academy of Sciences (nAS). the nAS’s 2004 book Safety of Genetically Engi-
neered Foods: Approaches to Assessing Unintended Health Effects (national Academy of
Sciences, 2004) clearly shows a pro-transgenics bias. A central theme in the book is
the transgenics industry’s long-standing and oft-repeated claim, despite the over-
whelming evidence to the contrary as described in Part 1 of this paper, that ‘genetic
engineering is part of a continuum of manipulation of plant genetics that starts with
traditional cross[-pollination] and selection of plants and animals’. to attempt to
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overcome this gap, the authors of the nAS book have a chapter entitled (italics this
author’s) ‘the adverse impact of foods on human health’.

Another chapter in the book, ‘Unintended effects from breeding’, follows the same
argument of putting transgenics on a continuum with traditional plant breeding, dis-
cussing the relatively rare cases where traditional breeding gives rise to foods with
allergens or nutritional problems and not discussing the fact (Zolla et al., 2008) that
potential allergen-generating proteomic changes in transgenic foods are much more
common than in foods from traditional breeding methods.

the book does discuss the unintended effects of transgenics, but by putting these
effects in the same class as unintended effects of traditional plant breeding, it gives
the impression of neutralizing those negative effects. the press release from the
national Academies Press on the book states: ‘Genetic engineering… poses no
unique health risks that cannot also arise from conventional breeding and other
genetic alteration methods’. no mention is made in the press release that such health
risks occur rarely in conventional breeding and appear to be common in transgen-
ics.

A 2008 issue of the journal Science features a cover story on genetically engineered
crops and their worldwide spread. In the editorial for that issue, the editor states:
‘Genetically modified GM cotton and corn… have been adopted very rapidly in some
countries, particularly the United States and Canada, increasing yields and decreas-
ing the use of pesticides and herbicides’. the first assertion is patently false, as no
yield increases have been shown by transgenic over non-transgenic crops. A second
assertion, that herbicide use has decreased, is highly questionable. the fact that the
assertion of a major myth (higher yields), a myth which has been thoroughly
debunked in the past 10 years, can be published in the lead editorial of the top US
science journal is indicative of the state of affairs of scientific discourse on this issue.

A 2004 report from another expert body, the Pew Initiative on Food and Biotech-
nology repeats the argument that transgenics is an extension of traditional plant
breeding and makes the startlingly hubristic statement that, ‘In some ways, genetic
engineering is more precise than conventional breeding, because scientists know
what genetic material is being introduced and generally understand the functions of
the expressed proteins’ (Pew Initiative on Food and Biotechnology, 2004). this is in
stark contrast to the statement of Latham et al. (2006) in their paper on the mutational
consequences of plant transgenics: ‘it is clear that plant transformation is rarely, if
ever, precise’ and that this lack of precision poses a ‘significant biosafety risk’. the
argument that ‘genetic engineering is more precise’ is common amongst promoters
of transgenic crops, the most recent for this author coming in a conversation with a
University of California agricultural extension agent when discussing transgenic
corn.

A 2007 report from the same Pew Initiative on Food and Biotechnology (2007)
maintains the pro-transgenics view, indicating no change, despite much research
since 2004 giving evidence to the contrary. referring to the roster of pro-transgenics
authors of the 2007 report, a former biotechnology specialist for the US ePA, now
with the Union of Concerned Scientists states: ‘As well as the many industry repre-
sentatives behind this report, there are also long-familiar Ge-promoters… there is
no one I recognize who has been seriously critical of any aspects of Ge… [t]he report
reflects the one-sided input – sometimes to an almost bizarre degree’ (GM Watch,
2007c).
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Deficient Research Practices

Federal food safety regulatory protocols which allow transgenic food-producing
companies to carry out food-safety studies with virtually no oversight have allowed
a pattern of poor scientific protocols to become commonplace throughout the food-
related industry. the science community has had issues of lack of oversight of the
safety and nutrition testing of products by the producing companies, and questions
of scientific validity and rigor of industry-sponsored research have arisen repeatedly.
In one study of 206 articles reporting nutritional evaluations of industry products,
0% of the industry-sponsored articles reported negative results, while 37% of reports
from independently-funded studies showed negative results (Lesser et al., 2007).
Such startling findings have been confirmed in other studies (Bekelman et al., 2003),
and have completely changed this author’s reading and interpretation of scientific
reports.

this pattern of lack of rigor and of data manipulation appears to have become
endemic in the safety testing of transgenic foods by producing companies. Allega-
tions of fraud in the safety testing of transgenic crops on the part of a biotechnology
company have recently emerged in europe (Ho et al., 2007; Seralini et al., 2007). Mon-
santo’s Mon863 corn was approved for use in the eU in 2005 after a controversial
approval process. Groups opposing its release attempted to obtain Monsanto’s
safety-testing data, prompted by independent tests that showed problems with rats
fed Mon863. After a court injunction forced Monsanto to release the data, French
researchers analyzed it and found statistically significant problems with the test-ani-
mals’ health, which had not been reported by Monsanto.

In a 2007 press conference, the researchers stated that ‘there are significant deficits
in the statistic[al] evaluation of the Monsanto report’, and that ‘these revelations are
profoundly disturbing from a health point of view. they are certainly sufficient to
require new and more carefully conducted feeding studies and an immediate ban
from human or animal consumption of GM corn Mon 863 and all its hybrids’ (Ser-
alini et al., 2007), Mon863 lines of corn are currently grown in the US, the eU,
Australia, Canada, China, Japan, Mexico, and the Philippines. France is currently
moving toward a freeze on transgenic crops (Jakubyszyn and Kempf, 2007) and the
eU is moving toward a ban on transgenic corn (Kanter, 2007).

Several questionable practices are reported to be common in industry-conducted
animal feeding tests of transgenic foods (Pryme and Lembcke, 2003; Bardocz and
Pusztai, 2006). Most feeding studies are done without using the whole transgenic
food – instead, isolations of the transgenic protein are fed to the animals. this would
exclude rogue proteins produced by mutations, a known problem in transgenics, dis-
cussed in Part 1 of this paper. A similar practice is to use surrogate proteins, produced
by transgenic bacteria, not by the transgenic plant. this practice gave rise to the dif-
ficult-to-detect glycosylation problem and subsequent allergenicity in the Australian
pea research discussed in Part 1, as bacteria do not glycosylate proteins as do plants.
other common practices are: shortening the duration that test animals are fed to the
minimum time possible, thus minimizing the chance of showing long-term effects;
the exclusive use of adult animals, which are significantly less prone to show prob-
lems in feeding trials than young or infant animals; the use of animals with wide
variation in weight, which reduces the significance of treatment effects; diluting the
transgenic food with other foods; and using irrelevant control groups that make com-
parisons to treatment groups difficult (Pryme and Lembcke, 2003; Smith, 2007).
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Political Manipulation of Government Science

Political manipulation of federal government science and scientists has become a seri-
ous problem (Vergano, 2007), and has been an important factor in the development
of the current dysfunctional transgenic foods situation. It is disturbing to this scien-
tist–author that US science’s leadership bodies, such as the national Academy of
Sciences or the American Association for the Advancement of Science (AAAS), have
not brought this issue to the forefront of mainstream media and college science cur-
ricula.

A 2006 survey of a thousand FDA scientists that was carried out by the Union of
Concerned Scientists (2006) on the state of scientific practice within the organization
showed that more than half of the scientists, 61%, knew of cases in which political
appointees ‘inappropriately interjected themselves into FDA determinations or
actions’. the same percentage knew of cases ‘where commercial interests have inap-
propriately induced or attempted to induce the reversal, withdrawal, or modification
of FDA determinations or actions’. to quote one scientist surveyed: ‘Scientific dis-
course is strongly discouraged when it may jeopardize an approval.… Whenever
safety or efficacy concerns are raised on scientific grounds… those concerns are not
taken seriously’. As related in Part 1 of this paper, FDA scientists’ warnings about
transgenic foods were systematically ignored by politically appointed administra-
tors.

The Information Environment and Transgenics

Media reporting on transgenics is often biased. It has been shown that agricultural
journalists tend to side overwhelmingly with pro-transgenics university scientists on
biotechnology issues and see them as ‘trustworthy, unbiased, and fair’, while dis-
senters are seen as ‘untrustworthy, completely biased, and unfair in communicating
agricultural biotechnology issues’ (Wingenbach and rutherford, 2005). Biotechnol-
ogy industry reports which are widely quoted in agricultural media often contain no
citations, while well-cited reports from anti-transgenics groups are routinely rejected
(Leahy, 2007). If mainstream US news media depend on agricultural media for their
occasional pieces on transgenic foods, this can be seen as a reason why Americans
have been shown to be ‘seemingly untroubled by a technology that causes europeans
so many difficulties’ (Gaskell et al., 1999).

Bias, sometimes subtle, exists in the dissemination of information on transgenics
to the public. A common theme in articles and information on transgenic foods is that
‘consumers just need to be educated about the benefits of GM foods’ (James, 2004;
Leonard, 2007; Wheeler, 2008). In this doctrine, laypeople are essentially given the
choice of being ignorant (anti-transgenics) or enlightened (pro-transgenics).

‘technological utopianism’ via biotechnology is a term used by european
observers to describe the tone of advisory documents submitted to the european
Union by consultants of the biotechnology industry during the approval process for
transgenic crops (Bioscience resource Project, 2007).

Another important component of the pro-transgenics sector’s manipulation of the
information environment is a not-so-subtle targeting of the general public’s predis-
position to guilt. the message that ‘biotechnology is needed to feed a hungry world’
has come to the forefront as a strategy in the promotion of transgenics, and associated
guilt is one of the tactics used by transgenics industry spokespeople: ‘the real issue
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in this world is not biotechnology, the real issue is starvation’, one university
spokesperson is quoted as saying (Knudson and Lee, 2004). (I have heard the same
spokesperson make the statement more than once.) the headline in an issue of Mon-
santo’s electronic newsletter The Biotech Advantage read ‘Academics Say Africans
Going Hungry Because of Activist Scare tactics’, while a Monsanto-India web page
for some time had a link to an article entitled ‘Green Killers and Pseudo-Science’,
referring to opponents of transgenic crops being killers because they would allegedly
allow people to die of hunger because of their opposition to transgenic crops (Lopez-
Villar et al., 2007). the poster-child project for this Pr strategy of the transgenics
industry has been the now-discredited ‘golden rice’, rice genetically engineered to
produce vitamin A (BIotHAI et al., 2001). the golden rice endeavor was labeled by
author Michael Pollan as ‘the Great Yellow Hype’ (2001).

the industry’s Pr strategy of ‘fighting hunger with biotechnology’ is encountering
problems. Former Un Secretary General Kofi Annan, heading a multilateral alliance
addressing Africa’s future food security, announced that the group has rejected trans-
genic crops as a solution in the African war on hunger (odhiambo, 2007). the same
view has appeared, albeit less visibly, in India (Sharma, 2007), where failure of trans-
genic crops has been common (Menon, 2007).

A study by South African scientists (African Centre for Biosafety, 2007) has called
into question the role of transgenics in the development of food security in the face
of aggressive promotion by pro-biotechnology forces, including the US’s rockefeller
Foundation. the study reports that, despite the extreme complexity and long-term
nature of developing drought tolerant crops via transgenics, and that drought toler-
ant crops are 8–10 years away from implementation, ‘GM drought tolerant crops are
being used as powerful Pr tools by the biotech machinery and strategic philanthropy
[organizations] such as the rockefeller Foundation to promote acceptance of GM
crops, expand existing markets and develop new markets’.

the promotion of transgenic crops and foods to farmers and consumers by uni-
versity extension programs, despite the tag of being ‘market driven’, goes against
market trends. Consumers have overwhelmingly rejected transgenic foods since
1994. the Center for Food Safety, referring to transgenic foods, writes, ‘the depth of
market rejection is arguably unparalleled by any other consumer product’ (Center
for Food Safety, 2006).

A Well-established Alternative to Transgenics for Future World Food Production

In April 2008, 57 nations signed a an action plan for future world food production in
developing countries, known as the International Assessment of Agricultural Knowl-
edge, Science and technology for Development (IAAStD). the United
nations-sponsored IAAStD was authored by over 400 agricultural scientists and
experts and stands to become the reference point around which future agricultural
development takes place.

At the heart of the final report (IAAStD, 2008) is the idea that local and regionally
derived sustainable and agro-ecological strategies which take into account social
impacts should be the basis of future food production; that the hitherto capital inten-
sive, high-environmental impact, technology- and yield-centered approach of Green
revolution agriculture needs changing in developing countries; and significantly,



Genetic Engineering of Food and the Failure of Science – Part 2 62

that transgenics and proprietary biotechnologies are not likely to be at the center of
this roster of strategies.

the IAAStD report emphasizes agroecological approaches:

‘[S]ystems are needed that enhance sustainability while maintaining pro-
ductivity in ways that protect the natural resource base and ecological pro-
visioning of agricultural systems. options include improving nutrient,
energy, water and land use efficiency; improving the understanding of soil-
plant-water dynamics; increasing farm diversification; supporting agroeco-
logical systems, and enhancing biodiversity conservation and use at both
field and landscape scales’ (IAAStD, 2008).

Interestingly, one of the two biotechnology-industry representatives, Syngenta, who
was part of the initial idea of convening a food production strategy agreement for
developing countries, exited the IAAStD proceedings in January 2008, when it was
clear that their agenda was not to be at the center. the United States, Canada, and
Australia did not sign the agreement.

Studies have shown that non-proprietary agro-ecological methods are an effective
strategy for future food production in the developing world (Pretty et al., 2006). A
recent study reported that organic agricultural methods could provide the basis for
world food security (Badgley et al., 2007), and the Un Food and Agriculture organ-
ization in a 2007 report states that, ‘organic agriculture can address local and global
food security challenges’, and it recommends that the United nations ‘consider pro-
moting organic supply systems as a food security strategy’ (FAo, 2007).

the author’s own work showed that organic crop systems can be more robust than
conventional systems under conditions of environmental stress (Lotter et al., 2003),
a scenario that is increasing as a result of global climate change. In the study we
showed that, in a 21-year farming systems comparison study in Pennsylvania, the
organic system out-yielded the conventionally managed crops by up to 100% during
drought years, as well as eroding less and capturing more water during torrential
rain events.

Such improvements in crop performance under drought stress, had they been
achieved by transgenics, would have been the subject of weeks of headlines and tV
coverage in mainstream press. nevertheless, tens of millions of dollars are being
invested in the transgenics route to crop drought resistance (ojanji, 2007).

this author does not believe that future food production should be limited to
organic methods as defined by current certification protocols. However, the agro-
ecological techniques which are the basis of organic crop production can provide the
foundation for world food production. Selected non-organic conventional methods
can be used to bolster the agro-ecologically engineered foundation of crop produc-
tion. For example, moderate amounts of synthetic nitrogen to bolster cover
crop-based fertility – carefully timed to reduce leaching into water systems – the use
of treated seed, and the selective use of herbicides are such technologies which would
enhance the yields and efficiency of agro-ecologically based methods. these meth-
ods, which combine organic and conventional techniques, are known as ‘integrated’,
have been well-researched in europe, and consistently show robust, sustainable
results (Holland et al., 1994).

the model proposed here is that agro-ecological engineering is the foundation
upon which crop systems should be based, on top of which can be put chemical and
biotechnological modalities. Both levels of the pyramid would be ‘high tech’. Agro-
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ecological techniques are often ‘hi-tech’. For example, these strategies may make
simultaneous use of automated biometeorological monitoring using computer mod-
els; careful arthropod pest monitoring; application of viral, bacterial, or fungal
biological control agents; management of soil organic matter dynamics to facilitate
optimum nutrient release and root environment; soil and plant nutrient status mon-
itoring; weed and non-crop plant community monitoring; and close monitoring of
other research-based agro-ecological parameters.

Uphoff (2007) discusses the problem of agro-ecological approaches in agricultural
development being overlooked because of the preoccupation with ‘genocentric’
strategies. He uses the example of the System of rice Intensification, put in place in
a number of developing countries, in which yields have been increased by 30–100%
via agro-ecological methods which require little investment and are available to local
farmers. Australian agronomists report in India, where debt problems have become
epidemic for farmers trying to transition to transgenic cotton, that with integrated
pest management and non-transgenic cotton varieties, overall pesticide use can be
reduced by 50% and profits increased by 75% (Bhandari, 2007). other authors have
discussed similar agroecology-based productivity increases (Bunch, 2002; Lotter,
2003).

A critical point, however, is that these agro-ecological engineering strategies are
predominantly non-proprietary and not patentable. Agro-ecological engineering
does not attract private investment, as these techniques do not lend themselves to
proprietary ownership and patents, and therefore must be funded by public monies,
i.e. federal and state programs. these modalities are also, in most cases, not transfer-
able en masse; they generally must be researched and developed for each crop and
each ecosystem, which necessitates a dedicated and widespread research and exten-
sion system.

the past 25 years have seen this sector of agricultural research receive a smaller
and smaller share of public research monies as university commercialization of
research progressed – indeed, only a tiny fraction of the total research monies allo-
cated – while biotechnology-related research at universities has long received the
‘lion’s share’ of federal monies for agriculture (Kaiser, 2000), despite the fact that
most of the biotechnologies are proprietary and also garner substantial private
investment. the integrated, non-proprietary, ecological engineering-based solutions
should form the first line of attack in future world food production strategies, and
most public-sourced investment in agricultural research should go here.

Without a robust research and extension base for non-proprietary, ecologically
based agricultural systems, US farmers may be increasingly unable to compete in the
global market in the future if competing farmers in other countries have efficacious,
low-cost, non-proprietary methods being developed by their public institutions.
Many of these ecologically and biologically based methods have low implementation
costs in addition to being royalty free.

Biotechnology will still have its place in the development of food production. For
example, an important biotechnology alternative to transgenics is marker-assisted
selection, in which non-invasive biotechnological methods are used to mark desirable
genes for efficient selection in traditional breeding programs. Cultivars of rice
(Sasaki, 2006) and wheat (BBC news, 2006) have been developed via marker-assisted
selection.
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Conclusion

the transgenic foods debacle is a classic case for the need to incorporate elements of
the precautionary principle (raffensberger and tickner, 1999) into science policy, as
well as to rescue elements of scientific independence and integrity from the damage
done by the restructuring of university science towards the academic capitalism
model of the past 25 years. Had either the precautionary principle or protocols for
true scientific independence and integrity been in place during the approval process
for transgenic crops, even minimally, the emerging conflict between pro-transgenic
foods forces and those opposing them would have taken place before the heavy
investment in the development of the industry.

the decision to oppose transgenic food in its current form should not automati-
cally imply opposition to all transgenics. Parsing transgenic foods from the larger
transgenics sector and accepting that it may be a failed enterprise gives the majority
of biotechnology-invested and transgenics-invested scientists an ‘out’ from the con-
flict, as most transgenics scientists, in this author’s view, work on non-food products
and species for industrial or pharmaceutical ends.

It appears that the science community has two paths it can take on transgenic
foods. one is to continue its entrenchment and denial of the problem, the other is to
parse crop transgenics from the larger transgenics issue so that it can be the subject
of a market roll-back without jeopardizing the rest of the industry. the likely result
of denial of the problem will be that the consumer, and thus the market system, will
reject transgenic foods. Consumers, with sufficient market choice and with nagging
questions about the safety of transgenic foods (and all they need are doubts) will
likely exercise their power and simply move to the ever-growing organics sector, or
to known non-transgenic foods. In an economy that prides itself on market choices,
those non-transgenic products are very likely to become increasingly available at
competitive prices.

A widespread consumer movement to non-transgenics and organics would lead
to an unsustainable situation for investors in and developers, producers, and mar-
keters of transgenic foods, a scenario that already appears to be in its beginning
stages, as discussed earlier. the benefits of transgenic foods to the consumer have
never been clear to those consumers, and unless the biotechnology industry develops
a transgenic food that delivers some major benefit which traditional foods lack, con-
sumers are unlikely to be convinced to buy them. Such a breakthrough class of
products would likely fall into the single-compound (as discussed in Part 1) phar-
maceutical/nutraceutical category anyway, an area of potential growth for
transgenics.

Cost-cutting breakthroughs in food production via transgenics are unlikely to
mean very much to consumers in a country where only 7–8% of consumer income
goes to food. Conversely, high prices are paid for gourmet foods and wines, a market
sector which prides itself on food purity and tradition, and which was at the leading
edge of the first US opposition to transgenic foods, and remains steadfastly opposed
to them. After transgenic foods fail in the market, its disendorsement by the scientific
community will then likely follow, at the risk of the science community having lost
much credibility, however.

What appears to be a significant trend in the crop seed development industry
made itself clear to this author on a recent vegetable crops class field trip that I led
to the headquarters of the largest vegetable seed company in the world, which is
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owned by the largest agricultural biotechnology company in the world. When asked
by the students about the development of genetically engineered crops, a senior sci-
entist at the company stated that there is very little genetic engineering going on
currently, and that ‘90% of our biotechnology work is on biomarkers’ (otherwise
known as marker-assisted selection, a non-transgenic technology for rapid identifi-
cation and development of favorable crop traits). thus it appears that, while the
industry continues to defend transgenics in public, behind the scenes the investment
in transgenics is on the decline.

the entrenchment of the scientific community with respect to transgenic foods
could lead not only to consumer rejection of transgenic foods but also to the possi-
bility of the public rejecting all biotechnology and a good part of science as well –
tantamount to ‘throwing the baby out with the bath water’. this scenario risks the
development of widespread public mistrust of science, especially amongst the young.
on the other hand, the science community can cut its losses, open up to the idea that
food crop transgenics is deeply flawed and needs to be subject to a market roll-back
and comprehensive re-analysis, and then give the public some transgenic products
that it really needs and can trust – like effective pharmaceuticals produced in enough
quantity to be available to the average health-care consumer. this would restore pub-
lic trust in science and may re-invigorate science itself.
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