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agriculture
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ERMA
FAO
FSANZ
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GMO
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Abbreviations and terminology

International Assessment of Agricultural Knowledge, Science and
Technology for Development

“The international Assessment on the future role of agricultural
science and technology in reducing hunger and poverty, improving
rural livelihoods, and facilitating equitable, environmentally, socially
and economically sustainable development through the generation,
access to, and use of agricultural knowledge, science and technology
(hereinafter referred to as the Assessment) shall concentrate its
activities on the task of a critical review of the literature, experience
and knowledge pertaining to the scope of the Assessment as defined
by the Panel of participating governments.” (http://
www.agassessment.org/docs/SCReport,English.pdf)

the application of ecological concepts to the design and management
of agricultural systems for sustainable production, healthy environ-
ments and resilient communities (Rivera-Ferre, 2008)

agricultural knowledge, science and technology

thousand million (10° or 1,000,000,000)

soil bacterium Bacillus thuringiensis (usually refers to genetically
modified plants made insecticidal using a variant of various cry toxin
genes sourced from plasmids of these bacteria)

European Food Safety Authority

Environmental Protection Agency (US)

Environmental Risk Management Authority (New Zealand)
United Nations Food and Agriculture Organization

Food Standards Australia New Zealand

United States Government Accountability Office

genetic engineering/genetically engineered
glufosinate-ammonium

genetic modification/genetically modified

genetically modified organism

hectare

herbicide resistant (= HT in routine usage)

herbicide tolerant (= HR in routine usage)

integrated pest management

intellectual property rights



Vi

IR

kg

MAB/S

ug

mg

ng
persistence

PVP
resilience

R&D
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insect resistant (usually refers to insecticidal Bt plants)

kilogram (10° grams)

marker-assisted breeding/selection

microgram (10 grams)

milligram (10 grams)

nanogram (10° grams)

“The capacity of systems to continue over long periods” (after UNEP/
UNCTAD, 2008)

plant variety protection

“Capacity of systems to resist shock and stress” (after UNEP/
UNCTAD, 2008)

research and development

A combination of resilience and persistence (UNEP/UNCTAD,
2008). May be applied to multiple goals, e.g., yield, economic,
cultural, nutritional sustainability. Sustainability as applied to
development is “[. . .] development that meets the needs of the present
without compromising the ability of the future to meet their own
needs” (quoted from another source in Maler et al., 2008).

a reference to the recombinant DNA used in a GMO

the WTO’s Agreement on Trade-Related Aspects of Intellectual
Property Rights

United Nations Development Programme

United Nations Environment Programme

International Convention for the Protection of New Varieties of Plants

United States/United States of America
United States Department of Agriculture
World Trade Organization
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Foreword

AGRICULTURE and the wider food system is not only at a major scientific but also
social, environmental and economic crossroads, as the International Assessment of
Agricultural Knowledge, Science and Technology for Development (IAASTD) has recently
concluded. Relevant United Nations and other intergovernmental and international
organizations have initiated and supported the IAASTD process since 2002, when it was
given the go-ahead at the World Summit on Sustainable Development (WSSD), convened
in Johannesburg, South Africa. Financially supported by the OECD countries, the private
sector and with the active participation of all stakeholders from the North and the South,
developed and developing countries, the design of the assessment and its realization were
unique. The stakeholders defined the scope and content of the assessment chapters. The
process and the authors were endorsed by a Bureau that represented all parties.

The reports, both at global and five sub-global levels, highlighted the great
achievements of agricultural knowledge, science and technology over the past 50 years in
reaching unprecedented levels of food, feed and fibre production, proving Malthus wrong
on the quantity count. The reports however highlighted the major disconnects that have
arisen along the way. The need to address also the “other side of the coin” — making
agriculture equitable and sustainable while feeding a growing and more demanding
population in the generations ahead — remains a substantial challenge.

It was not without good reason that the IAASTD saw its birth at the 2002 WSSD.
Agriculture is at the centre of the multiple looming crises of water, soil degradation, energy
costs, biodiversity loss, climate change, population growth, dwindling natural resources
and increasing inequities.

The main IAASTD stakeholders therefore held a number of meetings around the
globe to define the key development challenges that needed special consideration, in view
of the challenges expressed above. The IAASTD key development challenges were four:
1. Hunger and Poverty; 2. Nutrition and Health; 3. Inequity and Rural Livelihoods; and 4.
The Environment. The authors of the assessment addressed these issues in great depth
and highlighted the disconnects between agriculture and the environment, between farmers
and consumers and between policies and consequences. The essence of the main findings
is summarized in the Synthesis and Executive Summary Reports in which the authors
gave policy-makers a number of options for actions on the key findings.

This book is all about one issue that has been at the centre of controversies regarding
the IAASTD, and which eventually led to the “walking-out” of Syngenta towards the end
of'the process and the rejection of the Report by CropLife International, the global federation
representing the plant science industry. Biotechnology is without doubt a hot issue that is
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shrouded in layers of statements about its potential to solve the food production and nutrition
issues in the future and also on how it will protect the environment and create new wealth
along the way. There are different worldviews regarding the power of modern
biotechnology, which includes transgenic organisms, with many convinced that it is needed
and many others convinced that there are alternatives to address the problems that transgenic
organisms are intended to solve — alternatives including other biotechnologies that address
root causes, not symptoms. There are also others, whether they are critical, supportive or
even neutral towards modern biotechnology approaches, who feel that much more research
is needed in the area of ecological and health aspects before they may be used to solve
some of the more intractable problems facing agriculture in the years ahead.

Hope Not Hype is exactly on target regarding what is needed today by the decision-
makers, who are not specialists but need to have — in clear, comprehensive and short text
— the main points to guide their decisions on biotechnology in agriculture. This book will
help them to focus the picture chapter by chapter, putting its points across in language that
is precise but remains understandable. Although targeted at the policy- and decision-makers
in government, research and development institutions, the book will also appeal to scientists
who want to know more about biotechnology. It is also useful to the education sector,
providing information that can help to better educate students and the general public on
the issues raised to make informed decisions at their own level. In the end, it is the public,
making their choices through the market, that will have to decide what they want and the
farmers will have to produce accordingly. A better-informed society will make the right
decisions when it comes to future generations, but that is only possible if scientifically
correct information and knowledge is available in understandable language — as in this
book.

The book’s sub-title indicates the link to the IAASTD and I am very pleased that the
three-year writing effort by some 400 authors has inspired one of the authors to dig further
and deeper into one of the more controversial aspects of the Assessment. The need to
reach a consensus in such a large, multistakeholder process does not permit detail on any
one particular issue; thus we welcome this in-depth exposition by the author of Hope Not
Hype.

At a time when we need to rethink agriculture, as suggested by the IAASTD,
recognizing the multifunctionality of agriculture, it is also timely to understand and
reconsider the reductionism that is inherent to modern biotechnology. Even more
importantly, we in the scientific and policy-making community need to pay full attention
to the lessons learnt from the past. There are many lessons to be learnt from the history of
agricultural knowledge, science and technology, as the IAASTD has brought to the surface.
Hope Not Hype will help us all in moving forward with the cautionary principles that
should be the standard in our moving ahead. Policy-makers in the area of agriculture as
well as all involved even remotely with food security issues and increasing agricultural
productivity should read this timely and inspiring book.

Hans R. Herren
Co-Chair, IAASTD



Preface

“Its robust editorial independence and its unapologetic scholarship have led its authors
to say the unthinkable, and they then have the pleasure of watching conventional opinion
catch up.” — Foreword to the 10th Human Development Report (UNDP, 1999, p. v)

THIS book is meant to be a guide for the text of the Global Summary for Decision Makers
and the Synthesis Report, the two summary documents of the reports prepared by the
International Assessment of Agricultural Knowledge, Science and Technology for
Development (IAASTD, what will be called the Assessment in these pages). The
Assessment covered all scientific, technical, social and economic areas relevant to
agriculture, but this book focuses only on the content relevant to biotechnology, without
losing sight of the central place agriculture has in our societies and our survival.

Agriculture has always been, and continues to be, one of the ways in which humankind has
improved the basis of human existence on earth. Technologies were always an integral part
of agriculture. Time and again, new technologies and developments have had a decisive
impact on methods of cultivation, and our agriculture will continue in future to be based on
innovations (Kern, 2002, p. 291).

I believe that international reports have value, but enormous acts of will consistently
applied after publication are required to extract most of it. Without a doubt, the preparation
of reports takes individual experts to new levels of understanding and thus these exercises
build expertise on issues and don’t just record expert knowledge. Some reports influence
decision-makers and grassroots actions. Unfortunately, others have little impact or develop
momentum very slowly. I don’t believe that the Assessment has produced one of these
latter kinds of reports, so I write this book as a contribution to the effort of making the
Assessment relevant and available to those who can use it best. I believe that audience to
be the farmer and farmer-centred societies who are counted among the most vulnerable
human populations on Earth. Those, in short, who might be considered the orphans of
agriculture.

The Assessment used the term “orphans”, as have others (Kennedy, 2003), in the
sense of orphan crops. In this book, the orphans of agriculture are all those who have been
neglected or abandoned. The most important orphan is the starving, malnourished,
dehydrated or impoverished child. She most likely lives in the poorest countries, such as
those of sub-Saharan Africa or the islands of the Pacific, and has the least to benefit from
the kinds of agricultural production and innovation that lately dominate in industrialized



X Hope Not Hype

countries. Everyone knows this orphan even though so far the will to feed her has failed in
us.

Another orphan is culture. While agriculture is ubiquitous, spreading through human
society for an estimated 10,000 years (Gepts and Papa, 2003), societies have developed
unique cultures around food and its production. For example:

Ethiopia is known as a center of diversity hosting various flora and fauna. Traditional farmers
living in the country’s highly varied agro-ecological zones have developed various farming
systems that are characterized by the high degree of inter- and intra-specific crop diversity
across space and time. A wide range of crop diversity has been maintained by traditional
farming societies in a sustainable way through the accumulated experience and interaction
of farmers with their natural environment and without the need for technical scientific
knowledge or external commercial inputs (Tsegaye, 1997, p. 215).

In this sense, agriculture is universal in the way that language is, but it has diverged
between cultures, and defines cultures, with the same variety and difference that has marked
the evolution of different languages. The reasons some of these cultures have gone extinct
or are threatened may have little to do with their success at making food or providing
other social goods such as jobs, feelings of self-worth, empowerment and education, and
more to do with factors well outside the control of the farmer. Everything these cultures
learnt and did is also not necessarily less sophisticated or successful than anything in
modern industrial agriculture. These agricultures are therefore not to be judged as failed;
each has its own history and local criteria for success. Indeed, as argued in these pages,
the diversity of agricultures is itself a strength of humanity, rather than, as often implied,
an artifact of societies in need of rescuing through homogenization with American or
European approaches to industrial agriculture. The diversity of agricultures adds resilience
to world food production just as wheat genetic diversity adds resilience to global wheat
production. Diversity predisposes us to survive the crises we have yet to encounter. Large-
scale industrial agriculture consolidating under the control of a small number of mega-
corporations is a monoculture, not just a force creating monocultures.

The microbes, plants and animals being lost to the monoculturalization of agriculture
are also orphans (Tsegaye, 1997).

It is estimated that approximately 7,000 crop varieties are used world wide to produce food.
However, modern large-scale agricultural production relies on an increasingly narrow and
homogenous group of plant genetic resources for the majority of the world’s food output.
Modern agriculture tends to emphasise monoculture, which can impact plant diversity through
selective cultivation and plant breeding thereby narrowing the genetic base for agricultural
products. Today, less than 100 species of plants comprise 90 per cent of the world’s total
food crops (UNEP, 2003, p. 5) [and 14 mammals and birds comprise 90 per cent of the
world’s food from animals (FAO, 2006)].

As agriculture expands its footprint, it decreases not only agricultural biodiversity
but all biodiversity.
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Pioneer maize testing and research centre in New Zealand, February 2009. Pioneer is one of
the world’s largest maize seed companies, now owned by DuPont, one of the world’s largest
agrochemical and biotechnology companies (Pioneer, 2009).

Because agriculture is a major land-using activity it has impacts on biodiversity. These include
wildlife habitats and wild species as well as species diversity including crop genetic diversity.
The main threats to wild species from agriculture originate from converting grasslands,
forests and wetlands to cropland and more intensive grazing systems. In industrialised
countries, in particular, the need for increased inputs such as feed grains has led to increasing
field sizes, as well as other production related impacts such as diminished crop diversity,
fewer crop rotations and the increased use of agrochemicals (UNEP, 2003, p. 5).

The loss of the nearly invisible biodiversity behind agriculture has a pipeline effect,
strangling the demand for the human expertise needed to draw the attention of society to
its value. The editor of the influential journal Science recognized this when he pointed to

... the thinness of the public-sector knowledge resources that are available for some of the
most important food security crops in the poorest countries. Among these orphan crops are
yams and plantains, which are staple foods for many of the poorest sub-Saharan African
nations. Less than half a dozen geneticists/plant breeders work on each of these crops. That’s
the world’s only insurance against a catastrophe involving disease or stress resistance that
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might affect tens of millions of people. These scientists should probably not take the same
plane to their next conference (Kennedy, 2003, p. 357).

The final orphans are the externalities of agriculture that are given no explicit worth
in present economic models and the ideas, thoughts, innovations and knowledge not
recognized by prevailing intellectual property rights (IPR) frameworks. Too often these
vital aspects of ecology and society are referred to disparagingly as “marginal”, as in
marginal land that hosts the biodiversity necessary to pollinate crops and clean the bodies
of water we draw upon, and “common knowledge”, as in the traditional knowledge that
was modified for patenting.

Is the Assessment important?

The first indication that the Assessment will have an impact appeared in the few
months before the final intergovernmental plenary that approved it. The big international
science journals Nature, Science and Nature Biotechnology set upon the Assessment,
arguing that it was anti-science and anti-technology. Their conclusions were drawn from
anecdote using a small number of sources, and their editorial authors displayed little direct
familiarity with the actual reports. What this concerted attack seemed instead to show was
just who had the ear of the editors, and that seems to be the large international seed
biotechnology companies.

The second indication that the Assessment will have an impact came from the
overwhelming endorsement of the report by the governments. Only three governments —
the United States, Canada and Australia — failed to approve the report.

Still more encouraging, 95% of the countries, including two-thirds of those that did
not approve the Assessment’s reports, accepted the text on biotechnology in the Synthesis
Report without reservation or debate, despite this text being the focus of the science
journals’ rancour. That fact alone must have made an impact on an industry that is normally
close to the ears of power.

As a lead author on the Global Report (Chapter 6), an author of the Biotechnology
Theme in the Synthesis Report, and the author representing biotechnology at the
intergovernmental plenary meeting, [ have intimate knowledge of the Assessment’s content
and an insight into the arguments behind and sometimes against the text. I have prepared
this guide as a resource to national decision- and policy-makers, the industry and research
community, farmers, non-governmental organizations (NGOs) and citizens who, like the
authors and sponsors, wish to use the Assessment as part of their own efforts to achieve
the inspiring goals behind the project.

How can this book be used?

It is my hope that the book will be in the bags of those attending international
negotiations on trade and biotechnology, and those sitting around the conference table
during bilateral free trade agreement talks, in the libraries of fellow scientists and teachers,
and on the minds of politicians.
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Extensive citation to the peer-reviewed literature is provided, but I have tried to tell
the story as much as possible in the words of the peer-reviewed authors upon which much
of the Assessment is based. These are not necessarily the Assessment authors, but those
who contributed to the research base that the Assessment draws upon. While this may at
times jar the flow of the text, it has value in providing the decision-maker, civil society
leader, negotiator and media with a context for important points and making it possible to
recall precise language in the very words of the researchers on the cutting edge of the
issues.

I even on occasion quote myself. Although it may seem odd to see, and was odd to
write, when the quote was from a peer-reviewed publication this device fitted the style of
the text. In any case, why rewrite something when making the point in any other way
would amount to simply changing the words for the sake of it?

This book is not a comprehensive review of the literature on agricultural science and
technology. For that, the reader should study the many reports within the Assessment.
Instead, this book floats above the debates among experts to show how the authors reached
final conclusions and recommendations. Most of the literature cited will be indicative of
research that in the end was judged to be unanswered by an opposing view or, using the
best judgment possible in an uncertain world, was determined to be the most consistent
with research coming from other disciplines.
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Chapter One

Précis for Policy-Makers

Key messages

1. The modern biotechnologies coming from developed countries favour large-scale
farming of a small number of mega-crops. This range of crops does not fit the type
and purpose of farms of subsistence and poor farmers.

2. Relatively new changes in patent and patent-like plant variety protection (PVP)
intellectual property instruments influence the type of technologies dominating in
developed countries, particularly in promoting the development of genetically modi-
fied/engineered (GM/GE) crops.

3. These same instruments create liabilities for farmers, by potentially extending
proprietary ownership to non-GM crops contaminated through transgene flow.

4. Intellectual property and some biosafety regulations create liabilities for GM farm-
ers and developers of GM crops, by also potentially extending proprietary ownership
to inadvertently mixed GM crops containing transgenes from different developers
and contaminated through transgene flow, and by linking damage to non-GM farm-
ers or consumers to transgene flow.

5. The scale of and subsidies for farming in developed countries, along with efforts
to harmonize intellectual property frameworks and protect intellectual property coming
from developed countries, combine to inhibit the development of local agriculture
markets in developing countries and have dampened research by and for local farm-
ers.

6. The potential agronomic advantages of many GM crops are not realized by sub-
sistence farmers who grow a large diversity of crops in close proximity, and GM
crops make industrialized farmers and consumers vulnerable to the effects of
monocropping, environmental damage from intensification, and loss of agro- and
bio-diversity.

7. Policy options include a new emphasis on public funding of agriculture innova-
tion for the poor and subsistence farmer. This may include a balanced portfolio of
investment in improving agroecological methods applied at scale, farmer participa-
tory and extension projects, and modern biotechnology research with a commensu-
rate reduction in the emphasis on commercial control of products.
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A SYNTHESIS of the best science on agriculture was the immodest goal of a project
initiated in 2003 under the title of the International Assessment of Agricultural Knowl-
edge, Science and Technology for Development, abbreviated as IAASTD. It was a joint
project of the world’s major agriculture and development institutions initiated by the World
Bank and conducted in partnership with the United Nations Food and Agriculture Organi-
zation (FAO), UN Environment Programme (UNEP), UN Development Programme
(UNDP), UN Educational, Scientific and Cultural Organization (UNESCO), World Health
Organization (WHO) and the Global Environment Facility (GEF) (IAASTD, 2008a).

The large Assessment is comprised of a multi-chapter global and five multi-chapter
sub-global reports with two overarching documents, the Global Summary for Decision
Makers and the Synthesis Report. The entire project was supervised by a multistakeholder
governing Bureau composed of representatives of the funding agencies, governments, pri-
vate sector and non-governmental organizations (NGOs).

In what was a new approach to reaching global consensus, NGOs and the private
sector were given equal speaking rights with government delegations during the intergov-
ernmental plenary meetings. The Assessment was approved by an intergovernmental ple-
nary on 11 April 2008 in Johannesburg, South Africa.

It is the single largest and most diverse global appraisal of agriculture ever under-
taken (Rivera-Ferre, 2008). Hopefully, it has not been completed too late. Agriculture is
coming under greater scrutiny than ever before as it is increasingly clear that the benefits
and impacts of agriculture are not evenly shared between the rich and the poor.

The Assessment was set the ambitious task of answering the central question of how
agriculture in 2050 will contribute to a well-fed and healthy humanity despite the chal-
lenges of vast environmental degradation, population growth and climate change, and do
so in such a way that the potential to produce food has not been lost because of how we
farm. One answer was simple. How we farm now will fail to achieve this goal. How we
should farm was not as easy a question to answer.

Farming is much more than tilling the soil and herding livestock. Modern agriculture
is conducted in a complex context of local environment factors, the choices imposed by
poverty and disease, access to markets, international trade and the domestic policies of
other countries. This larger context cannot be forgotten when making decisions on agricul-
tural biotechnology, because these technologies must be workable and successful within
this broader context.

For this reason, the Assessment covers much more than the biology behind food
production. It is a rich resource on how trade rules, intellectual property rights (IPR),
subsidies, mechanization and power asymmetries within and between societies and men
and women collude to make the agriculture we have now. The Assessment speaks plainly
about why who is funding innovation in agriculture is as important as what is funded.
These are also the vital issues which must be changed or managed to get to the agriculture
we need for a sustainable future.

Assuming that larger context is accessible to readers of the Assessment, this book
will not dwell upon it. Biotechnology can be a technical, and to some a tedious, topic.
Therefore, it deserves a guide to decode it. The large economic interests of those who sell
some kinds of biotechnology can also create a knowledge asymmetry. This asymmetry
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arises both from the neglect of research that is not commercially oriented but is necessary
for making proper evaluations of technology, and from access to existing information
which can be locked behind expensive subscriptions to journals found in rich research
universities.

Is biotechnology the way to improve agriculture?

Agriculture requires more land, water and human labour than any other activity (FAO,
2007). It consumes 40% of the planet’s ice-free land (Jiggins, 2008) and 70-86% of ex-
tracted groundwater (FAO, 2003; Gerbens-Leenes et al., 2008; Pennisi, 2008). Half of the
global workforce, or 22% of the world population, is employed in agriculture. This activ-
ity accounts for 24% of the gross domestic product in low-income developing countries
(MEA, 2005).

Human activity at these scales has massive environmental and social consequences.
While agricultural practices and cultural relations to food have evolved locally, globaliza-
tion of trade and legal frameworks such as food/biosafety and IPR tends to homogenize
agroecosystems. The result can be poor performance of crops, livestock and practices
within local agroecosystems and greater damage caused to the surrounding environment
(Taberlet et al., 2007; WHO, 2005).

Food security could be seen as a one-dimensional problem of producing enough
food. However, even this one-dimensional view can be unpacked to reveal that food secu-
rity is the combined challenge of changing human behaviour and technology to:

. increase yield (as in crop biomass),

. improve access to a balanced diet (e.g., micronutrients, variety, desired foods),

. improve access to water,

. increase agrobiodiversity which serves as a reservoir of trait diversity to adapt crops
and livestock to emerging diseases or effects of climate change,

. increase and preserve biodiversity as a reservoir of microbes, plants and animals that
directly or indirectly raise the productivity of the agroecosystem,

. increase capacity to breed traits from elite varieties of crops and livestock into lo-
cally adapted varieties,

. improve access to germplasm,

. improve access to markets.

Technology should be seen as part of a package of options to address problems caused
by agriculture, and satisfy the needs of farmers. The Assessment was cognizant of the long
history of contribution that science, technology and traditional knowledge have made to
agriculture and to society. However, too much reliance on technology to increase the quantity
and quality of food, reduce the social and environmental impacts of agriculture, or attempt
to balance asymmetries caused by trade subsidies, will likely both create new disappoint-
ment and cause additional problems.

Many problems in agriculture are caused by cultural choices rather than technical
problems (Heinemann, 2008a; UNEP/UNCTAD, 2008). For example, access to water may
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be a technological problem if the solution requires engineers to design a dam,; it is social if
this issue is one of crop type and purpose, as in choosing to use agricultural land to grow
maize for food or fuel. In China and India, for example, 3,500 litres of irrigation water are
required to produce a single litre of ethanol for fuel (EuropaBio, 2008). If they were to
attempt to use their water to produce ethanol on the scale of the US, it would amount to a
virtual transfer of over 100 billion litres of water per year from food production to engines
(MSNBC, 2008). A non-technology change in fuel consumption habits could have a greater
impact on long-term water availability than, for instance, a technological attempt to create
plants that thrive on less water (Heinemann, 2008a).

This was among the lessons taken from the Assessment’s historical view of both
successful and failed technologies over the last 50 years. These lessons were then applied
to current technologies and the problems they are proposed to solve, to extrapolate to a
“best guess” of what will and will not work to meet future sustainability and productivity
goals.

A multi-dimensional view of food security would include how the problems in agri-
culture are formulated in the first place and then, subsequently, how certain technologies
and technological solutions are chosen. Only about “one-third (about US$10 billion) of all
global research expenditure on agriculture is spent on solving the problems of agriculture
in developing countries” (Kiers et al., 2008, p. 320), and thus it is no surprise that the
needs of the largest and wealthiest farmers have been prioritized over the needs of small
and poor farmers. Moreover, the private sector has usurped the public as the dominant
investor in agriculture in industrialized countries and thus the problems identified for ag-
riculture will tend to be those for which commercial technologies can be sold as a solution
(Pardey et al., 2007).

A case in point is provided by the development of GM crops. These tend to be the
types of crops grown in monocultures over large and near-homogenous agroecosystems
that predominate in the Americas (Atkinson et al., 2003; Delmer, 2005). Changes in pat-
ents and patent-like PVP allow these crops to be protected by instruments that do not
protect conventional plants (DeBeer, 2005). As a result, this technology has not been ap-
plied to crops grown by the poor, “the so-called ‘orphan crops’, such as cassava, sweet
potato, millet, sorghum and yam” (WHO, 2005, p. 37), and in countries that do not recog-
nize the types of patents and patent-like PVP for germplasm (Pinstrup-Andersen and Cohen,
2000; Pray and Naseem, 2007). Meanwhile, the GM plants that have been commercialized
have commanded enormous resources, estimated at US$100 million per commercial vari-
ety (Keith, 2008), probably at the expense of non-GM biotechnology of value to the poor
and subsistence farmer (Pinstrup-Andersen and Cohen, 2000; Reece and Haribabu, 2007;
TeKrony, 2006).

On this point the World Health Organization concluded that a “needs-driven technol-
ogy is a tool for growth and development which the private sector is unlikely to undertake,
because [orphan] crops are of low commercial value. Governments should take the re-
sponsibility of investing in public research that is crucial to reducing food gaps between
rich and poor” (WHO, 2005, p. 48). The World Bank reinforced this conclusion by saying
that the “benefits of biotechnology, driven by large, private multinationals interested in
commercial agriculture, have yet to be safely harnessed for the needs of the poor” (World
Bank, 2007, p. 158).
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For most subsistence farmers, the challenge is to produce a variety of foods (Delmer,
2005). This is a necessary practice that increases diversity in the diet and the resistance of
local agriculture to a number of kinds of failures. A range of crops on the farm increases
food security by decreasing the chance of complete crop failure from sporadic pest and
disease infestations. Crops that can be cycled in rotation are also useful to maintain healthy
soils and to discourage establishment of soil pathogens. Finally, provided that a market
exists for any surplus production, the farmers can benefit from the sale of their crops. This
is most likely for small crops that are not grown under the subsidies of wealthy nations and
sold in local markets below local costs of production.

The goal of biotechnology policy goes beyond just producing more food because
food surpluses alone will not feed the hungry (Kern, 2002; UNEP/UNCTAD, 2008;
Vandermeer and Perfecto, 2007).

Present food shortages are firstly due to a failure to produce adequate amounts of
quality food of the type appropriate for the community that needs it wherever those people
may be, or, secondly, due to a failure to distribute the right kinds and quantities of food to
wherever it is needed. In the future, food shortages may result from the inability to pro-
duce enough food because of cumulative environmental impacts of agriculture, urbaniza-
tion and climate change, combined with excess reliance on limited fossil fuels for mecha-
nization and fertilizers (Kern, 2002). We cannot address future food needs by relying on
present models of agricultural innovation, from problem definition to research and devel-
opment, because these models still have not adequately achieved food security for about
80% of the population (Kiers et al., 2008). Instead, biotechnologies that are understood at
the local level, are amenable to local manipulation and innovative change, and that ad-
dress farmers’ needs are required.

Policy relevance: Few existing problems in agriculture are solely caused by a lack
or failure of technology but instead derive from other social, economic or legal frame-
works. It is therefore critical to first define what problems are best solved by chang-
ing legal frameworks, trade policies or human behaviour and, second, which are best
solved using technology. Technology should meet the community’s needs without
making local agriculture less sustainable. For example, importing high-cost biotech-
nology seeds to grow crops for fuel on water-stressed land neither saves water nor
reduces the impact this land-use decision has on food production.

Which biotechnology?

The Assessment carefully distinguished between the general term “biotechnology”
and the more restrictive term “modern biotechnology”, both because they mean different
things in international agreements and because they can cause different social, legal and
economic effects on societies that adopt them (Pinstrup-Andersen and Cohen, 2000).

The definition of biotechnology used by the Assessment was based on that in the
Convention on Biological Diversity. In general terms, biotechnology is any intentional
human manipulation of biological factors for some purpose.

Biotechnology includes innovations such as the adoption of nitrogen-fixing cover
crops, integrated pest management, and adoption of chemical herbicides and pesticides.
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The selection of land races over millennia by ancient cultures was biotechnology. The
maintenance of land races by modern peoples is also biotechnology (Tsegaye, 1997). Un-
fortunately, not all kinds of biotechnology are equally amenable to receiving the financial
and other rewards appropriated by biotechnologies that can be protected by prevailing
intellectual property frameworks, causing many profoundly beneficial biotechnologies to
be underutilized because they are not distributed through a commercial provider or are not
championed by the public sector (Gepts, 2004).

The definition of modern biotechnology was based on that used by the Cartagena
Protocol on Biosafety. It is the class of human manipulations that result in unlikely or
naturally unprecedented combinations of genetic material, such as DNA or RNA, or any
activity that releases genetic material from its normal physiological constraints inside a
cell or virus and then returns it to an organism (Figure 1.1). The most obvious product of
modern biotechnology is a GM organism (GMO). GM plants are presently the main living
commercial product of modern biotechnology for agricultural use.

Products of modern biotechnology are different from other biotechnologies in at
least two important ways. First, their unique constitution of material means that they fall
outside any human experience that might inform us about their human health or environ-
mental impacts. Second, they are regulated by international biosafety laws and regulations
and can be protected by a set of patents and patent-like PVP instruments that until very
recently could not be applied to genes and living organisms anywhere in the world, and
still are restricted to only those countries that have agreed to adopt this kind of intellectual
property framework. While both of these differences make treatment of modern biotech-
nology unlike the treatment of biotechnology in general, it is the latter that has profound
effects on who delivers technological solutions.

Figure 1.1: “The digital switch” (white square) between techniques of modern
biotechnology that constitute the manufacture of a GMO (or “transgenic”, left) and
conventional biotechnologies that do not (right).
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Privatization of germplasm

The ability to apply patents and patent-like PVP to transgenes has focused the vast
financial resources of the largest agricultural multinational companies onto GM products
(Baenziger et al., 2006; Fernandez-Cornejo and Caswell, 2006; Pingali and Traxler, 2002;
Sagar et al., 2000). The adoption of new patents and patent-like PVP instruments was
quickly followed by a transfer of ownership of germplasm from the public to the private
domain with consequent restriction on farmers’ rights (Graff et al., 2003; Sagar et al.,
2000; World Bank, 2007). The industry is still consolidating under these new intellectual
property rules (Adi, 2006; Fernandez-Cornejo and Caswell, 2006). The combination of
industry consolidation and intellectual property has restricted the flow of technologies to
farmers in developing countries and reduced agrobiodiversity (Pray and Naseem, 2007;
WHO, 2005).

The Assessment did not endorse either the trend of shifting agriculture innovation to
the private sector or the use of genetic engineering by the large biotechnology companies.
Past major changes in agriculture were encumbered by neither this degree of privatization
nor these kinds of intellectual property instruments, so there is no reason to expect that this
kind of market-driven research and development will benefit the poor and subsistence
farmer into the future (Srinivasan, 2003; WHO, 2005).

The new market model fails because it relies on the goodwill of the private sector to
make relevant biotechnologies at a financial loss or without intellectual property protec-
tion for its products. This goodwill simply does not exist because the industry argues that
“it is only if companies...protect their intellectual property that they can invest in products
to benefit all. Innovation is only created through investment, and investment must be re-
warded” (Keith, 2008, p. 17, emphasis added). The industry is thus also reluctant to make
products relevant to small farmers in poorer countries because many of these countries do
not have the IPR frameworks that biotechnology companies demand (Monsanto, 2008).

Even if there were sufficient incentive for these companies to make products, the
exported technologies would still be “locally black box™ — that is, how they worked would
be opaque to small farmers or hidden in proprietary secrets — and thus create further de-
pendencies on exporters who assist with local integration and optimization.

Policy relevance: Biotechnology has made tremendous contributions to agriculture,
with some biotechnologies as old as agriculture itself. Free-to-the-public technolo-
gies and extension services are important to farmers. In contrast, modern biotechnol-
ogy has a poor track record of relevance to the poor and subsistence farmer and its
control by a relatively small number of large multinational companies means that
adopting modern biotechnologies could also require accepting significant social
changes and adopting agricultural models that may not result in poverty reduction or
sustainable practices, while also increasing the dependency of local farmers on tech-
nological exports from the wealthy countries.
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Liability

The fundamental identifier of a GMO, the transgene(s) that is made from recombi-
nant nucleic acids, also provides a powerful way to track organisms’ movements. As a
result, the farmer takes on a quantitatively higher risk from legal actions that claim harm
from the movement of GMOs (Heinemann, 2007).

On the global level, the unapproved admixtures of StarLink corn in 2000, ProdiGene
pharmaceutical corn in 2002, Bt10 corn in 2005, and LLRICE601 rice in 2006 indicated
the costs to developers and GM farmers when unapproved transgenes were discovered in
commercial supplies (Ledford, 2007; GAO, 2008). Each of these escape events attracted
fines and costs, some of which are estimated to reach up to US$1 billion (Smyth et al.,
2002). This list is not exhaustive, with new escapes continuing to arise. On the local level,
GM farmers may be liable if their crops contaminate those marketing under GM-free cer-
tifications, or if they fail to contain crops producing compounds that are harmful to human
health and the environment, such as some pharmaceutical crops (Editor, 2007; Heinemann,
2007).

Both GM and non-GM farmers also face new liabilities from their neighbours’ choices
to grow GMOs. Any farmer, GM or not, may be liable if GM volunteers, feral plants or
cross-pollinated plants with proprietary transgenes are found growing in their fields with-
out permission (DeBeer, 2005; Heinemann, 2007). This legal exposure may transfer to
new owners of the farm if it is sold and can extend beyond territorial limits through the use
of material transfer agreements (Center for Food Safety, 2005; Correa, 2006; Thomas,
2005).

As the ability to detect transgenes is quantitatively far more effective than observing
traits in plants and animals for variety protection, and because the detection can be made
even in processed materials well down the supply chain, patents and patent-like PVP make
the mere presence of transgenes enough to trigger liability and consequent economic harm
wherever such instruments for germplasm are recognized (Heinemann, 2007).

Policy relevance: The ability to apply patents and patent-like PVP to germplasm,
i.e., transgenes, creates liability for farmers and developers independently of actual
human health and environmental concerns. Transgenes can be detected using power-
fully sensitive molecular techniques and followed throughout the food and feed sup-
ply chain, even in highly processed end products. This unprecedented sensitivity of
detection and forms of products amenable to monitoring allow developers to pros-
ecute farmers who have purposefully grown or inadvertently been contaminated with
proprietary germplasm, and can make GM farmers liable for contaminating
neighbouring farms.

Evaluating the benefits of genetic engineering

The Assessment dealt almost exclusively with genetic engineering applied to the
development of transgenic crops because there are currently no commercial GM animals
for agriculture (Devlin et al., 2006; WHO, 2005). The complexity of achieving significant
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change in animals by genetic engineering also places the availability of such products in
doubt (Clark and Whitelaw, 2003; Maclean, 2003). As both GM plants and animals suffer
from a high degree of consumer skepticism over their safe use in human food and release
into the environment (Devlin et al., 2006; Pryme and Lembcke, 2003; Stewart and Knight,
2005; van Eenennaam and Olin, 2006), coverage of GM crop plants in this précis will
include most issues pertinent to all GMOs.

While genetic engineering for the production of transgenic crops holds promise, there
is much agreement that genetic engineering’s promise has not paid sufficient dividends
while it has been within such restricted legal frameworks as patent systems and left to
private sector incentive systems (Heinemann, 2008b; Pray and Naseem, 2007). Neverthe-
less, the Assessment came to the conclusion that genetic engineering should continue to
contribute to research and development. Genetic engineering applied as a research tool to
help understand the complex interplay between genes, physiology and environment is
profoundly important. But not all science relevant to technology has to become a technol-
ogy in the process, or result in a particular product such as GM plants. Meanwhile, the
products of modern biotechnology could be developed under a strong public investment
scheme that is itself largely free of the strictures of patents and that is also able to prevent
the capture of public intellectual property by the private sector (Graff et al., 2003).

Policy relevance: Modern biotechnology has yet to produce a commercially viable
example of GM fish, poultry or livestock. The living products are mainly crop plants.
Other applications of genetic engineering do not result in GMOs as products and can
contribute to agriculture research and development as well as important basic sci-
ence findings.

Regardless of whether genetic engineering is done by the private or public sector, is
there reason to have confidence that it will produce the food that we need in the future?
This question is answered by the following focus on specific issues.

Yield

After a dozen years of commercial planting of GM crops including maize, cotton,
soybean and oilseed rape, there is no evidence of sustained, reliable or consistent increases
in yield. In fact, there have been strong indications that the adoption of GM crops has
resulted in yield declines.

There are anecdotal reports of both yield increases and decreases. Bt cotton, GM
varieties that produce an insecticide, reportedly out-produced conventional varieties by an
average of 60% over a four-year study in India (Qaim and Zilberman, 2003). Meanwhile
in other provinces of India Bt cotton performed poorly (Mancini et al., 2008). Bt cotton
was shown to increase yields and farmer income in various short-term studies undertaken
in Argentina, China, South Africa and Mexico although the yield increases were highly
variable (Raney, 20006). In contrast, in the United States where Bt cotton has the longest
history of cultivation, there has been an overall and significant net loss in both yield and
farmer income (Jost et al., 2008).
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The story is the same for other GM crops. “There is widespread consensus that yields
have not increased, rather they have tended to be lower compared with conventional vari-
eties” (Pretty, 2001). Bt corn in the United States and Canada and herbicide-tolerant soy-
beans in Argentina and the United States have either not increased yield or have decreased
yield (Elmore et al., 2001; Ma and Subedi, 2005; Pray and Naseem, 2007; Qaim and
Zilberman, 2003).

These figures should come as no surprise. Close to 99% of all commercial GM crops
are engineered to be herbicide- and/or insect-tolerant (Qaim and Zilberman, 2003), but not
engineered to increase yield (Fernandez-Cornejo and Caswell, 2006). Most yield benefits
have derived from the use of modern varieties that are adapted to local conditions through
conventional breeding rather than genetic engineering techniques. Worryingly, in two stud-
ies, one involving Bt maize and the other herbicide-tolerant soybean, the genetic engineer-
ing process was linked to damaging the yield advantages of the modern varieties that were
made into GM crops (Elmore et al., 2001; Ma and Subedi, 2005).

The Assessment evaluated this data and came to the conclusion that genetic engi-
neering has not demonstrated that it can or would produce varieties with sustained yield
increases.

Policy relevance: Modern biotechnology and its products have not reliably increased
yields of crops. If GMOs are being considered for inclusion in an overall national
strategy on agriculture, then their proposed benefits to the agroecosystem require
new evidence. Meanwhile, the adoption of genetic engineering will be accompanied
by new environmental and social externalities, such as IPR frameworks, which are
required to integrate them as commercial products and which do not increase food
security or reduce poverty.

Pesticide reductions

The benefits of GM crops to yield may be indirect through improved pest manage-
ment rather than due to an increase in biomass under all conditions (Fernandez-Cornejo
and Caswell, 2006). The Assessment evaluated whether herbicide-tolerant crops and in-
sect-tolerant (Bt) plants improved pest management and whether there were other ben-
efits, such as a reduction in the use of other kinds of herbicides and insecticides and con-
comitant environmental and human health benefits (Phipps and Park, 2002; Pretty, 2001).

The data behind claims of decreases in use of agrochemicals because of GM crops is
contested (Pretty, 2001). Some researchers point to dramatic decreases in overall addi-
tional insecticide use, but they neglect to include the amount of insecticide being produced
by the Bt plants themselves. Claims of overall reduction in the use of pesticides must be
unpacked, because the use of herbicides has probably dramatically increased and is bal-
anced by a decrease in the use of additional (that is, beyond the insecticide produced by
the plant itself) insecticides (Heinemann and Kurenbach, 2008).

That debate, however, was of secondary importance in the Assessment to the claim
that the introduction of herbicide-tolerant crops has significantly decreased the diversity
of pest management techniques used on GM crops. This has resulted in an uncontested
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increase in the use of glyphosate-based herbicides and an associated development of toler-
ant weeds (Powles, 2008; Service, 2007; Valverde and Gressel, 2006). Only GM cropping
has permitted the combination of herbicide overuse and the scale of overuse on soybean
and maize to make glyphosate-tolerant weeds a potential menace to production both inside
and outside of GM cropping systems, and threatens the ability of conventional farmers
worldwide to use this tool as part of their weed management strategies (Heinemann and
Kurenbach, 2008).

Part of the impression that various GM crops outperform conventional crops comes
from the design of experiments in which the differential in yield or pesticide use is mea-
sured, or because of the particular agroecosytem in which the measurements are made
(Marvier et al., 2007). If Bt crops are compared to conventional crops that are grown
outside of an integrated pest management system or with no application of insecticide,
then the Bt crop will outperform the comparator crop. If herbicide-tolerant crops are com-
pared to conventional crops without the use of some form of weed control, similarly the
GM crop will outperform the conventional crop. However, these comparators are not real-
istic because farmers do practise some form of pest control regardless of how they farm.
Likewise, it matters where the measurements are made (Kleter et al., 2007). For example,
“data for beet and soybean also show that it is not always possible to extrapolate directly
from the data previously assessed for the impacts of the same crops in the USA owing to
differences in agricultural practices in the various regions” (Kleter et al., 2008, p. 487).

The largest meta-analysis ever conducted on the relative performance of agroecological
and conventional (which in this case could include GM) agriculture came to a similar
conclusion (Badgley et al., 2007). When land previously used for conventional agriculture
was switched to agroecological agriculture, it would perform less well under this type of
cultivation for up to five years post-switch. However, when comparisons were made be-
tween mature agroecological plots and conventional plots, the former equalled or signifi-
cantly exceeded its conventional counterpart (Badgley et al., 2007). This is also true for
measurements of indirect benefits. “[A] GM technology resulting in reduced use of pesti-
cides could be more sustainable than a conventional system relying on pesticides, but this
GM/reduced-use system would score less well if compared with an organic system that
used no pesticides” (Pretty, 2001, p. 255). How the comparisons are designed has a big
impact on the kind of data produced.

Policy relevance: Modern biotechnology may have indirect benefits through reduc-
tion in the quantity or type of pest control agrochemicals that are used on GM crops.
These benefits are contested and likely not sustainable. Moreover, these benefits fare
poorly overall in comparison with agroecological farming approaches.

Stress tolerance

Stress refers to the physiological response of plants and animals to environmental
conditions normally outside their optimal physiological range. Drought stress may be the
biggest single factor limiting current crop productivity (Delmer, 2005; FAO, 2007). Salin-
ity is an associated problem, affecting 20% of all agricultural lands, but its effects are
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especially concentrated on irrigated land where 40% suffers from too much salt (Foster
and Chilton, 2003; WHO, 2005). Drought and salinity have been longstanding challenges
of agriculture intensification, and therefore one of the earliest suggested applications of
genetic engineering was to create drought- and salt-tolerant crops (Heinemann, 2008a).

All stress-tolerant GMOs remain promises rather than products despite a dozen years
of commercial GM agriculture and over 25 years of research (WHO, 2005). This is prob-
ably because the physiology of stress tolerance involves the interactions of many different
genes working in a complex, environmentally-responsive network (Varzakas et al., 2007;
WHO, 2005; Zamir, 2008). Occasionally just a few genes will be enough to create drought
tolerance when measured in select environments. However, genetic engineering is un-
likely to produce reliable drought tolerance in most crops grown in actual field conditions
because it is unable to mix and match so many genes at once (Pennisi, 2008; Sinclair et al.,
2004). There is little hope that this assessment will change (Varzakas et al., 2007; Zamir,
2008).

Despite years of under-funding when compared to modern biotechnology (Reece
and Haribabu, 2007; TeKrony, 2006), conventional breeding and the use of DNA-based
techniques that do not produce GMOs has achieved and can continue to achieve stress
tolerance in both plants and animals (Delmer, 2005; World Bank, 2007). Marker-assisted
breeding or selection (MAB or MAS) allows breeders to follow genes of interest through-
out a breeding programme and in that way bring about the development of individuals
with complex combinations of traits without manipulating their DNA. This approach and
breeding in general is likely to be limited, however, by a startling reduction in the number
of those with skills in breeding crops and livestock to develop adapted varieties (Baenziger
et al., 2006; Reece and Haribabu, 2007). Another concern for MAS is that the markers
themselves may be captured under some IPR frameworks and this further restricts the
benefits of this technology to those who can pay (Reece and Haribabu, 2007).

Regardless of how they are developed, stress-tolerant plants and animals also have
potential environmental impacts. In the case of plants, land currently “marginal” for agri-
culture may be recruited for agriculture by drought- and salt-tolerant crops. These lands,
however, are important reserves of biodiversity, water purification, micronutrient recov-
ery and other so-called “ecosystem services” that are necessary for mitigating the impacts
of human activity (IAASTD, 2008b; MEA, 2005). Or the new plants may cause a loss of
biodiversity on land providing ecosystem services (Ellstrand, 2006). “[N]ew traits such as
stress-tolerance may increase competitive ability allowing the species to invade into natu-
ral habitats and/or replace natural or agricultural communities by expanding plantings into
regions where the crop previously could not grow. For example, if aluminium-tolerant
crops could be planted on a large scale in high aluminium, acidic soils, such as savannas or
cleared rainforests, this may reduce biodiversity or endanger or eliminate the original com-
munities” (Andow and Zwahlen, 2006, p. 208).

In the case of animals, stress tolerance is perhaps most advanced in fish, where stress
includes cold, freezing, salt and disease (Dunham, 2008; Maclean, 2003). GM animals
may survive through longer migrations, across season variations or the transition to new
environments, possibly increasing their ability to invade new ecosystems.
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Policy relevance: DNA-based techniques such as MAS could contribute to ongoing
research and development of stress-tolerant plants and animals. However, to date,
modern biotechnology has not produced stress-tolerant commercial GMOs for agri-
culture. Moreover, using genetic engineering to mitigate impacts of intensification
and expansion of agriculture that increases cultivation under stress may result in
additional environmental problems and therefore probably cannot be sustained. The
full benefits of DNA-based technologies and modern varieties of plants and animals
will only be realized if a new public effort is made to increase the number and skill of
professional breeders.

Alternatives to modern biotechnology

Alternative production systems, notably those based on agroecological methods, can
be competitive with or superior to conventional and genetic engineering-based methods
for productivity. They must be able to avoid expansion of the agroecosystem which has
profound impacts on biodiversity and ecosystem services (Ammann, 2005; Kiers et al.,
2008; Marvier et al., 2007; MEA, 2005). Fortunately, these methods not only lower the
environmental impacts of agriculture, they may also reverse past damage. The World Health
Organization concluded that “[t]ransforming the agricultural systems of rural farmers by
introducing technologies that integrate agro-ecological processes in food production, while
minimizing adverse effects to the environment, is key to sustainable agriculture” (WHO,
2005, p. 35).

Agroecological methods, which include but are not restricted to those under the or-
ganic market certification label, significantly reduce the application of externalities such
as petroleum-dependent fertilizers, improve water use efficiency, and restore to the soil
those nutrients that are not replaced by fertilizer (Badgley et al., 2007; Schiermeier, 2008;
Tilman, 1999; Zoebl, 2006).

However, these biotechnologies alone are also not solutions to the problem of attain-
ing a sustainable and sufficiently productive agriculture (Tilman, 1999). They will require
commensurate social and policy changes to ensure their success (de Jager, 2005). For
example, investments in farmer participatory breeding and extension services have made
significant contributions to yield increases and reduced environmental impacts (Badgley
et al., 2007; Rosegrant and Cline, 2003).

There are collateral benefits of these associated social support systems. Farmer par-
ticipation eliminates the “black box”, making the introduced biotechnology accessible to
further optimization and development at the local level, and converts the farmer into a
local resource for other farmers (Gyawali et al., 2007; Harris et al., 2001).

Policy relevance: Provided that sufficient resources are identified to integrate bio-
technologies such as agroecological methods, breeding and MAS through farmer
participation and extension services, there are clear alternatives to the use of genetic
engineering. These alternatives have demonstrated far greater potential to meet fu-
ture food needs, permit production at the local level, and incur far fewer environ-
mental and social costs.
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Conclusions

The dramatic shift of responsibility for agriculture research and product develop-
ment to the private sector has not been a successful experiment for farmers outside of the
large economies that are also among those with the highest levels of internal agricultural
subsidies. Those subsidies allow farmers to purchase high-cost biotechnology seeds even
if those premiums are associated with net losses (Jost et al., 2008). Meanwhile, the adop-
tion of revised patent and patent-like PVP instruments concentrated the seed industry,
which raised prices and promoted products best suited to intellectual property protection
rather than to yield and sustainable production in either developed or developing econo-
mies (Adi, 2006; World Bank, 2007).

Fortunately, the prognosis for agriculture is optimistic because many of the biotech-
nologies needed to both feed the world and do so in an environmentally and socially sus-
tainable way already exist. These biotechnologies are not “high tech” as much as they are
the “right tech” (and are very sophisticated). They are also “open source” because they are
usually difficult to appropriate and monopolize, and are user-friendly. The option avail-
able to policy-makers is to invest not just in these biotechnologies, but to invest in the
social and regulatory infrastructure necessary to implement them. It appears clear that
more investment in conventional breeding augmented with MAS, a skilled workforce and
greater farmer participation will pay dividends.
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Chapter Two

Setting the Scene

Key messages

1. The International Assessment of Agricultural Knowledge, Science and Tech-
nology for Development (IAASTD) achieved an international consensus and
acceptance on the social, economic, policy and biotechnological direction of
agriculture till 2050.

2. “Business as usual” in agriculture is not a viable option. Significant change
does not require radical action, but ignoring the problem will have terrible con-
sequences.

3. The forms of biotechnology offered by developed countries are not appropri-
ate for the rest of the world, and the emphasis on research and development
securing private wealth is frequently at the expense of both sustainability and
social goals.

4. Developed countries are increasingly bidding their high per capita fuel de-
mands against the need for food in developing countries, and subjecting poorer
societies to the excesses of subsidized industrial agriculture by undercutting lo-
cal markets, with consequential threats to food security and loss of rural liveli-
hoods.

5. The solutions lie in a return to the biotechnologies that have been and will
continue to be successful at both providing enough high-quality food and allow-
ing local innovation, ownership and control.

“Before discussing orthobiotic innovations — the possibilities of human improvement from
new knowledge of molecular biology and genetics — we ought to reflectively ask ‘what are
man's real problems in biological perspective?’ We do better to look for solutions to real
problems, if we can, than invent problems for our new tricks and techniques.” — Nobel
laureate Professor Joshua Lederberg (Lederberg, 1970, p. 34)

THE purpose of this book is to lay out the arguments and evidence used by the authors of
the Assessment to reach their conclusions. The rationale for presenting the evidence in this
way is to make it possible for those countries with fewer resources and with limited access
to the broader research literature to have at their fingertips exactly the evidence they need
when negotiating and setting legislation and policy on biosafety, biotechnology and
agriculture.



20 Hope Not Hype

The many quotes and citations in this book are not necessarily sourced from the
works of Assessment authors; these are the resources behind the Assessment. The entire
research effort of the Assessment is recorded in its bibliography. That is not reproduced
here. What appears here are quotes and citations of the literature that captured the quintes-
sential thinking at the end of the scholarly process.

My role has been to weave them into the story of the Assessment so that, for ex-
ample, governments can point with confidence to the most recent science that justifies
their policies on agriculture. Select text of the Assessment’s two summary documents
called the Global Summary for Decision Makers and the Synthesis Report is reproduced
in boxes to make clear what conclusions of the Assessment are being discussed. Evidence
quotes of exceptional importance to the story are also highlighted as boxes so that they
may be found quickly.

Why agriculture is special

Agriculture is humankind’s largest activity and it has the largest impact on environ-
ments and lives (FAO, 2003; FAO, 2007b; Gerbens-Leenes et al., 2008; Jiggins, 2008;
MEA, 2005; Pennisi, 2008).

Worryingly, per capita food production fell by 0.2% in 2006, the first decline since
1993 (FAOSTAT 2008). At the same time, prices for grains in particular have been on a
sharp upward trend and this is having far-reaching ripple effects.

Rarely has the world witnessed such a widespread and commonly shared concern on food
price inflation, a fear which is fuelling debates about the future direction of agricultural
commodity prices in importing as well as exporting countries, be they rich or poor (FAO,
2007a).

In addition to stalling global production and a steep decline in grain stocks, the onset
of higher prices has been exacerbated by demand for biofuels to supplement fossil fuels
with ethanol derived from grain. Agriculture is torn between meeting food and fuel needs,
both of which continue to grow (FAO, 2007a; FAO, 2007b; Rivera-Ferre, 2008).

The executive summary of the IAASTD’s Synthesis Report puts it bluntly: “Busi-
ness as usual is no longer an option” (IAASTD, 2009, p.3). Agriculture as practised today
is not sustainable, nor can we rely upon it to meet food production and social and environ-
mental goals if it does not chart new directions. Mainly those new directions will have to
come from developed countries.

Those with food surpluses must begin to organize their agriculture so as to stimulate
and sustain agriculture outside of their own borders. Presently many of the large food-
exporting nations subsidize food production (Helling et al., 2008; Kiers et al., 2008). The
amount of domestic subsidies by these economies was already US$327 billion in the year
2000 (Evans, 2005). The total estimated cost of farming subsidies in wealthy nations is an
annual US$24 billion loss in income to developing economies (Helling et al., 2008).
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Thus, farming subsidies in developed countries hinder the economic development of less
developed nations. Essentially, government-sanctioned agricultural subsidies in developed
states, which result in subsidised farmers selling goods for less than the cost of production,
deny farmers in developing countries the chance to compete in the international market,
consequentially devastating local economies (Helling et al., 2008, p. 66).

This practice is a prescription for global hunger that will increase the chances of
starvation. Instead, these large economies must learn to import new economic models of
fairness and cooperation (Box 2.1).

Box 2.1: Cotton subsidies in the United States

The most heavily subsidized farmer in the US, and possibly the world, is the
cotton farmer. Some American cotton farmers received up to US$230 per acre
in 2001-2. “America’s subsidised products undermine the economies of [Benin,
Burkina Faso, Chad and Mali] by lowering the worldwide price. American sub-
sidies stimulate US production of cotton, therefore increasing world supply and
depressing prices. As a result, cotton farmers in developing nations find it diffi-
cult to sell their cotton for a profit” (Helling et al., 2008, p. 66).

Meanwhile, Americans pay twice for their cotton shirts. Since the cost of
American cotton is about 22 cents higher than world commodity prices, the
consumer pays about US$13 more taxes per year to prop up cotton production
and more for imported cotton due to tariffs, for a total of up to US$4 billion.

In an opinion piece published by the New York Times, the presidents of
Burkina Faso and Mali appealed to Americans to end cotton subsidies, arguing
that up to 40% of export revenues for Benin, Chad, Burkina Faso and Mali
come from cotton (Touré¢ and Compaoré, 2003). These presidents succinctly
captured the realities of these inequities when they said that “the payments to
about 2,500 relatively well-off farmers [have] the unintended but nevertheless
real effect of impoverishing some 10 million rural poor people in West and
Central Aftrica”.

Thus it is perhaps no surprise that various publications and industry groups who
represent “business as usual” went on the attack in the few weeks before the [AASTD
intergovernmental plenary met in Johannesburg in April 2008 (see, for example, Editor,
2008a; Editor, 2008b; Keith, 2008; Minigh, 2008; Stokstad, 2008). While the focus of the
attack was primarily driven by their perceptions of the Assessment’s conclusions on bio-
technology, particularly modern biotechnologies such as genetic engineering/modifica-
tion (GE/GM), there were also criticisms directed at the Assessment’s findings on trade
policy (Salleh, 2008). These charges have been effectively answered (e.g., Heinemann,
2008; Jiggins, 2008; Kiers et al., 2008; Leakey, 2008; Rivera-Ferre, 2009).
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The larger issue that the Assessment seeks to address is, “How do we find the right
balance between incentives for private profit and public good if the goal is to engineer a
sustainable and productive agriculture in all societies?”” To come up with an answer, the
Assessment has drawn conclusions from the best possible research available, recognizing
that there are knowledge gaps in humanity’s understanding of the science and technology.
There are even more gaps in understanding the complex social, economic and legal con-
texts — in all their diversity on a global scale! — in which this science and technology exists.
Undoubtedly, some of the lesser conclusions drawn from the available research will turn
out to be wrong, or at least not completely correct. That can be expected of any attempt to
capture a snapshot of a complex system. However, the key findings have a good chance of
remaining valid or mostly so, as they have had the benefit of being drawn from such a wide
range of expertise and inputs. Smaller-scale research exercises simply cannot command
such diversity and facility to debate the difference as the 400-strong Assessment team
mustered. The most important finding is that even if we disagree on how to set agriculture
on the right course, we must agree that we have not already done so.

Biotechnology

The Assessment says loud and clear that the goal of biotechnology must be more
than increasing yield, and that incentives for innovation in agriculture must re-focus on
improving the lives of small, subsistence and poor farmers (see also Pray and Naseem,
2007, UNEP/UNCTAD, 2008).

[TThe biggest risk of modern biotechnology for developing countries is that technological
development will bypass poor farmers and poor consumers because of a lack of enlightened
adaptation. It is not that biotechnology is irrelevant, but that research needs to focus on the
problems of small farmers and poor consumers in developing countries. Private sector research
is unlikely to take on such a focus, given the lack of future profits. Without a stronger public
sector role, a form of “scientific apartheid” may well develop, in which cutting edge science
becomes oriented exclusively toward industrial countries and large-scale farming (Pinstrup-
Andersen and Cohen, 2000, p. 165).

It further argues that biotechnology must be optimized for production and for the
society that applies it. Present commercial models fail to do this.

The private sector is also unlikely to invest in research for difficult growing environments,
such as drought prone or high temperature environments for several reasons. These
environments tend to have poorer infrastructure and are farmed less intensively, raising unitary
marketing and distribution costs. Also, the expected rate of yield gain is a key determinant of
farmer demand for seed and breeding progress in stressed environments is generally slow.
Therefore orphan crops in marginal (stress prone) environments are unlikely to be of interest
to the private sector now or in the future (Pingali and Traxler, 2002, p. 233).
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While food production is no longer steadily increasing, the world still produces more
food than it needs. However, food surpluses alone will not feed the hungry because they
do not feed the hungry now (Kern, 2002).

The world already produces more food than it consumes, and there is general agreement
among conventional development experts as well as so-called hunger activists that inability
to purchase readily available food is normally the problem, not absolute abundance of food,
certainly not at the global level and only rarely at a regional level. Indeed, even in the face of
some of humanity’s most famous famines, food was exported away from the famine victims
(Vandermeer and Perfecto, 2007, pp. 274-275).

Increased food supply is a necessary though not sufficient condition for eliminating hunger
and poverty. The food security of any region is not simply a question of producing enough
food to meet demand; it is influenced by a multitude of factors both natural and human-made.
Increased food supply does not automatically mean increased food security for all. What is
important is who produces the food, who has access to the technology and knowledge to
produce it, and who has the purchasing power to acquire it (UNEP/UNCTAD, 2008, p. 3).

Food shortages are also likely to increase as cumulative environmental impacts of
agriculture, urbanization and climate change, combined with excess reliance on limited
fossil fuels for mechanization and fertilizers, become more pronounced in the decades
ahead (Kern, 2002). Governments cannot address those challenges by relying on present
models of agricultural innovation because these models have produced too many biotech-
nologies that ignore or exacerbate the problem. Instead, countries need appropriate bio-
technologies that are understood at the local level, are amenable to local manipulation and
innovative change, and address farmer needs. These also need to undergo comprehensive
and inclusive impact assessments.

In [the TAASTD] vision, farmers won’t just have to produce enough to head off the Malthusian
food crisis economists believe is threatening the planet as its population grows ever larger.
They will also be made custodians of nature, crusaders in the battle to combat climate change,
engines of economic growth and gurus spreading technology and education to the remotest
corners of the world (Coghlan, 2008, p. 8).

Genetic engineering

Let’s address, however, the issue that has attracted the most attention. The Assess-
ment has not endorsed either the trend of shifting agriculture innovation to the private
sector or the use of genetic engineering by the large biotechnology companies. With the
majority of funding for agricultural innovation now coming from the private sector in the
developed countries, and the total being spent by the largest companies dwarfing the re-
search budgets of developing countries (IAASTD, 2008; Kiers et al., 2008), agriculture
innovation is deterministically following a short-term, market-driven course.
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Unlike the public-sector research that launched the Green Revolution, private firms based in
industrialised countries have done the majority of agricultural biotechnology research and
almost all commercialisation of genetically modified (GM) crops (Pray and Naseem, 2007,
p. 192).

The wealthiest countries with the largest food production systems have forgotten
their own roots, their own pathway to food surplus, as they now rely on privatized research
and development and, through liberalized trade initiatives, attempt to push this model onto
developing economies. Simultaneously, they have left it to the poorer nations to sift through
the science and technology coming from this new model to find what they need. And the
poorer nations haven’t found that much that is useful to them.

The new model fails in two important ways. First, it fails to acknowledge that the
exported technologies are still “locally black box™ — that is, how they work is largely
opaque to small farmers or hidden in proprietary secrets — and thus create further depen-
dencies on exporters who assist with local integration and optimization. Second, the model
is based on the obviously false assumption that assorted and small markets of developing
countries will provide sufficient incentive for relevant biotechnologies to be made by the
private sector. Many of these countries do not have the IPR frameworks in place that
biotechnology companies demand in order to legally ensure that they can profit from their
products (Monsanto, 2008). Even the World Bank admitted in its World Development Re-
port 2008 Agriculture for Development that the “benefits of biotechnology, driven by
large, private multinationals interested in commercial agriculture, have yet to be safely
harnessed for the needs of the poor” (World Bank, 2007). Thus, the Assessment has called
for a new model of biotechnology development that has public good outcomes in poor
countries independent of private wealth creation in rich countries.

The poignancy of this conclusion is brought home when contrasted with the perspec-
tive of the Assessment critic Thomas R. DeGregori who, in an open letter to the President
of the World Bank, ironically asserted that the Assessment was in conflict with the World
Development Report 2008. DeGregori took issue with the IAASTD website content, which
he claimed criticized one of its sponsors, the World Bank. He said that “the IAASTD [is]
ungraciously biting the hand that fed them — being a member of some of these groups
requires totally lacking a sense of shame.” Even if one were to accept DeGregori’s charac-
terization of the Assessment’s website content, this only attests to the independence, and
therefore the credibility, of the Assessment. The Assessment was brave enough to engage
authors who were often unwilling to take a position that was thought to be more in line
with the thinking of the sponsors (Jiggins, 2008). Recalling that the Assessment’s draft
reports were subject to two rounds of international peer review, involving around 500
individuals and groups, is DeGregori unconsciously conceding something unflattering about
reports developed under less stringent and less public review?

Much more unfortunate is DeGregori’s implication, and also industry spokesperson
Deborah Keith’s (Keith, 2008), that the World Bank’s World Development Report 2008
was in all ways in conflict with the Assessment. It is to be expected that the two would
differ to a degree, given the very different ways in which they were developed and the
large scale of resources uniquely involved in the Assessment (Jiggins, 2008). But they
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agree in ways that might surprise the less informed readers of DeGregori and Keith’s
letters (Table 2.1).

The World Development Report 2008 and the Assessment both agree that genetic
engineering holds much promise as a technological solution to some problems, and that it
has failed to deliver on that promise. They also agree that it will continue to fail to do so,
either because the promises made are beyond what the technology can deliver (Zamir,
2008) or because the technology is dominated by a bankrupt approach to agriculture de-
velopment that is held by the companies and institutions of wealthy countries, the flagship
delivery vehicle for which are particular kinds of IPR instruments and their enforcement.

With an increasing share of genetic tools and technologies covered by intellectual property
protection and largely controlled by a small group of multinational companies, the transaction
cost of obtaining material transfer agreements and licenses can slow public research on and
release of transgenics (World Bank, 2007, p. 178).

GM for the production of transgenic crops does hold promise. This is notwithstand-
ing the safety concerns which continue to be raised regarding genetic engineering. How-
ever, there is much agreement that GM’s promise has not paid sufficient dividends while it
has been within such restricted policy and legal frameworks as patent systems and left to
private sector incentive systems (Heinemann, 2008; Pray and Naseem, 2007). Similarly,
the Assessment came to the conclusion that continued research and development in ge-
netic engineering has value. However, the value of its products is maximized under a
strong public investment scheme that is itself largely free of the strictures of securing and
defending patents or patent-like intellectual property protections. The protections afforded
to the public effort should also ensure that it cannot be captured by a private intellectual
property claim. In this way, the types of traits, organisms and products produced will be
those that deliver on the goals of reducing poverty, hunger and malnutrition. The new
focus of biotechnologies will be on sustainability. Yields must increase despite climate
change and water stress. Agriculture must contribute to an environmental and social glo-
bal ecosystem composed of healthy and diverse communities that can feed themselves.
This concept builds on the idea that there is not a single agriculture, but a world of many
agricultures. Each different agriculture has something to teach the others, lessons to learn
and both a right and reason to exist. Maintaining a diversity of farming systems, germplasm,
in situ conservation techniques and appreciation for food and work is a recipe for global
food security.

Sustainability in agricultural systems incorporates concepts of both resilience (the capacity
of systems to resist shocks and stresses) and persistence (the capacity of systems to continue
over long periods), and addresses many wider economic, social and environmental outcomes.
Agricultural systems with high levels of social and human assets are more able to adapt to
change and innovate in the face of uncertainty. This suggests that there are likely to be many
pathways towards agricultural sustainability; no single system of technologies, inputs or
ecological management is more likely to be widely applicable than another. Agricultural
sustainability then implies the need to fit these factors to the specific circumstances of different
local agricultural systems (UNEP/UNCTAD, 2008, p. 6).
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Could this vision work? Some of those representing the status quo do not think so.
The Editor of Nature Biotechnology, for example, has charged that “the report and perhaps
the entire IAASTD exercise appear to be an attempt to blind world leaders to any potential
positive contribution from GM crops” (Editor, 2008b, p. 247). However, 58 of the 61
national delegations participating in the intergovernmental panel accepted the text of the
Biotechnology Theme in the Assessment’s Synthesis Report without reservation or de-
bate. Of those who noted reservations, the United States did not agree to accept the Assess-
ment and China did. What mystical properties does the Editor believe are possessed by
these authors that they would be capable of deceiving the governments of Canada, France,
the UK, India, Australia and Brazil — which together produce ~25% of world acreage in
GM crops (Table 2.2)?

Conclusions

There is scant evidence that simply tinkering with global agriculture will produce
either the food or social security that are both wanted and needed by 2050 and beyond. The
authors of the Assessment faced this dilemma when considering some forms of biotech-
nology. Say that the ‘bird in hand’ is some old but proven approaches to addressing local
and global food needs, ways which are also widely acknowledged as effective for building
local knowledge and economic independence. Yet out there somewhere are ‘multiple birds
in the bush’, undeniably promising technologies that, despite the benefit of tremendous
financial and political backing over 12 years of commercial production, have not deliv-
ered on your broad production, economic and social goals (Pray and Naseem, 2007). Which
would you responsibly endorse, the bird in the hand or the birds in the bush, knowing that
you not only must feed everyone today, but must feed even more people in 50 years’ time
— and do so in a way that is both environmentally and socially sustainable? Even Nature
Biotechnology confirmed the Assessment’s disappointment with GM crops “with regard
to the achievements of the past 10 years” (Editor, 2008b, p. 247). It was rational to take the
benefits already in hand over those that always seem just out of reach.

Table 2.2: Estimated GM crop production by selected countries that accepted
text on biotechnology in the IAASTD Synthesis Report

Country GM crops in million hectares Proportion of global total (%)*
Australia 0.1 0.09

Brazil 15 13

Canada 7.0 6

France <0.05 <0.04

India 6.2 5

UK <0.05 <0.04

Total 24-25%

*Estimated by industry sources at 114.3 million hectares (James, 2007)
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Chapter Three

Defining Biotechnology

Key messages

1. Biotechnology is all forms of manipulation of living things.

2. It is defined by international convention as either “conventional” or “modern”
biotechnology, with the latter being subject to special regulations in recognition of
the risks associated with modern biotechnology.

THIS chapter explores the definition of biotechnology used in the Assessment and which
appears in both the Global Summary for Decision Makers and the Synthesis Report.

The Asse