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Chapter 1  
Introduction: genetic technologies for international 
agricultural development

“We can realistically envision a world without extreme poverty by the year 2015 
because technological progress enables us to meet basic human needs on a global 
scale and to achieve a margin above basic needs unprecedented in history.”

(Jeffrey D. Sachs 2005, p. 347; Director of the Millennium Development 
Project)

“The idea of development stands as a ruin in the intellectual landscape. Delusion 
and disappointment, failures and crime have been the steady companions of 
development and they tell a common story: it did not work.”

(Wolfgang Sachs 1992, p. 1)

“No period in history has been more penetrated by and more dependent on 
the natural sciences than the twentieth century. Yet no period, since Galileo’s 
recantation, has been less at ease with it.”

(Eric Hobsbawm 1995, p. 522)

The era of development

We are living in an age of Millennium Development Goals; a set of eight, time-bound and 
measurable objectives to eradicate global hunger and poverty before 2015. Any contemporary 
project aiming at international development takes place against the background of this 
international ambition to do something about global inequality. Pleas have been made to solve 
problems of under- and malnutrition, find a cure for some of the most devastating diseases 
plaguing humanity, to increase the availability of clean water, to increase levels of education 
and to combat environmental degradation; all of this especially in the poorer regions of this 
world (Box 1.1). Whether these goals will actually be met in 2015 remains highly questionable 
at the time of writing this thesis.1

1 The most recent 2007 ‘Millennium Development Goals Report’ remains optimistic about the possibilities 
of still reaching all MDGs by 2015, but admits that success so far has been “uneven” (United Nations 2007).
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The Millennium Development Goals (MDGs) have been put forward at the 2000 United 
Nations Millennium Summit.2 They are accompanied by a Millennium Declaration which 
includes a wide range of commitments to human rights, good governance and democracy. 
While presented as a new initiative, in fact the MDGs are the successors to similar and 
earlier formulated development goals at the 1995 Copenhagen UN World Summit on Social 
Development, and a set of development goals agreed upon by the World Bank and OECD 
countries (Thomas 2000, p. 3-4).3 Their content is the outcome of decades of international 
debate, research and activism, in which many independent organisations have left their marks 
on the formal international development agenda.

These recent declarations of international development goals reflect a desire to approach 
underdevelopment in a globally coordinated way, thereby increasing the impact of development 
programmes. In fact, the adoption of the Millennium Development Goals is the most recent 
climax in what has been called the ‘era of development’ (Thomas 2000, p. 5). These goals 
have become iconic of contemporary well intended efforts to do something about global 
inequality; of the efforts to bring global food production and health care from the shadows 
of underdevelopment into the light of modernity. As such, this set of goals illustrates 
contemporary ideas that international development is not only desirable, but also achievable 
given the right amount of investments, and given the right strategy. They are landmarks of a 
specific discourse and ideology on international development; one in which the use of modern 
technologies gains an important place and function.

2 See http://www.un.org/millenniumgoals (last accessed 17 September 2008).
3 OECD = Organisation for Economic Co-operation and Development; with membership of 30 developed 
and industrialized countries.

Box 1.1. The eight UN Millennium Development Goals.

1.  Eradicate extreme poverty and hunger
2.  Achieve universal primary education
3.  Promote gender equality and empower women
4.  Reduce child mortality
5.  Improve maternal health
6.  Combat HIV/AIDS, malaria and other diseases
7.  Ensure environmental sustainability
8.  Develop a global partnership for development

Source: www.un.org/millenniumgoals (last accessed 17 September 2008).
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This PhD thesis is concerned with the question how technologies are being used for 
international development, and how that process of technological innovation is interrelated 
with social change, and with implicit assumptions about ‘progress’. More specifically, this 
thesis zooms in on agricultural development, and within that sector on the use of genetic 
technologies in plant breeding for farmers in developing countries. Against the background 
of persistent poverty and hunger in many parts of the world, it is hardly surprising that there 
is a strong call for the modernisation of agriculture, facilitated by the introduction of new 
technologies. However, the way in which modern technologies are harnessed in order to 
improve agricultural production does raise questions regarding the relationship between 
technological development, and the existing social order. Choices of how food is produced 
in the future go far beyond mere technical or economic considerations alone. They involve 
important questions regarding the role of farmers in agricultural innovation and production 
systems. But who gets to answer these questions? And how are the answers to these questions 
reflected in the methodologies and technologies of agricultural development projects?

Reflexive development

Questioning development is not new. In spite of a general agreement on the need to address 
global inequality, both the process and the ends of development have been heavily debated. 
A crucial question that arises is whether development – aiming at a greater quality of life and 
a more just distribution of wealth – requires or implies a process of modernisation in which 
production and trade are rationalized according to a Eurocentric model of industrialisation.4 
Critical comments on agricultural and economic modernisation have made clear that it is not 
always a smooth ride into modernity, but instead a heavily contested and sometimes painful 
process of social transformation. Concerns about sustainable development, an erosion of 
identity and culture, and unequal differentiation of development benefits are characterising the 
contemporary development debate as much as its projected benefits for the global community. 
This has led to pleas for ‘Alternative Development’, which generally agree upon the need for 
development, but argue for a more participatory, democratic, people-centred development 
process (Hettne 1990; Max-Neef 1991). More radical are notions of ‘Post-Development’, which 
do not seek ‘alternative development’, but ‘alternatives to development’, arguing that the notion 

4 Strict definitions for both ‘development’ and ‘modernisation’ are hard to find, and a full exposé on 
different interpretations would go beyond the scope of this chapter or thesis. The relevant difference 
between both terms in the ways they are used here is that development (as the quest for a better quality 
of life) can be defined locally and in very different ways, and is not restricted to economic parameters. 
Modernisation in contrast is generally associated with a rationalization of production and trade and is in 
that sense biased towards a dominant model of Eurocentric industrialisation. This narrow interpretation 
of the term modernisation is both countered by and confirmed by a quest for ‘alternative modernities’, 
in which a process of modernisation no longer signifies a conversion to a single modernity, but allows 
for locally defined and divergent ‘modernities’. See Gaonkar (2001b) and Taylor (2001) for a discussion 
of different perspectives on modernity.
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of development itself is fundamentally flawed and essentially leads to a ‘Westernalization’ of 
the world (Sachs 1992; Latouche 1993; Escobar 1995).

The differences between mainstream-, alternative-, and post-development concepts are 
important, but arguably more interesting is the observation that mainstream development has 
changed over the years, and has taken on board elements that once belonged to the alternative 
development discourse. For example, Jan Nederveen Pieterse argues that the commitment to 
values of participation, sustainability, and equity is being widely shared, not only among non-
governmental organisations (NGOs), but also in the world of UN agencies including the World 
Bank (Nederveen Pieterse 1998). Moreover, when mainstream development is simplified as a 
single, homogeneous thrust toward modernisation, its diversity, complexity and adaptability 
are often underestimated. Therefore, rather than continuing the false dichotomy between 
mainstream-, and alternative- or post-development, he argues for a more fruitful position 
of ‘reflexive development’. This notion shifts focus to the ways in which development policy 
increasingly becomes concerned with the management of development interventions itself, 
and takes on board some of the criticisms that are levelled at it (Nederveen Pieterse 1998).5

This reflexivity of development processes and policies is a useful entry point to start questioning 
contemporary approaches to international agricultural development, and the ways in which 
they harness agro-biotechnologies to improve agricultural production. Apart from the fact 
that the notion of ‘reflexive development’ takes the analysis away from a polarized comparison 
of conventional agricultural development and alternative approaches, it raises new questions. 
Most importantly, it raises the question in what ways exactly contemporary development 
projects are taking criticisms and concerns on board in their work, and how that influences the 
way in which they design and apply new technologies for the sake of agricultural development. 
Reflexivity is a useful term to capture the flexibility, adaptability and versatility in (technology) 
development approaches. However, at the same time important differences may be witnessed 
in terms of the nature and extent of reflexivity in different projects. While some values in 
development – like participation or sustainability – are widely shared, it does not mean that 
they are widely and evenly practiced, or operationalized in the same way.

5 Nederveen Pieterse presents the notion of ‘reflexive development’ as a corollary to ‘reflexive 
modernisation’ as famously described by Ulrich Beck. Beck contrasts ‘simple modernity’ concerned 
with ‘mastering nature’ with reflexive modernity, the condition in which the moderns are increasingly 
concerned with managing the problems created by modernity itself (Beck 1992). Nederveen Pieterse 
indicates parallels in the way modernity and ‘progress’ are questioned in reflexive modernity and 
-development. For example, he mentions the breakdown of faith that technical progress equals social 
progress, which is typical for reflexive modernity. This is matched by a parallel questioning in reflexive 
development: does growth equal development, and does economic growth equal social development 
(Nederveen Pieterse 1998)? He argues that such questioning of modernity or development is no 
longer external to a mainstream discourse, but inherently part of the dynamics of reflexive modernity/
development.
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Decades of critical studies of technology, and ‘science and technology studies’ (STS), have 
stressed the intricate relationships between technological development, social structures and 
power relations, and have argued that technological development cannot be understood in 
technical terms alone, but requires an analysis of the social relations in which technologies 
are developed and applied (MacKenzie and Wajcman 1985; Ruivenkamp 1989; Bijker 1995).6 
Against this background, it seems reasonable to assume that the ways in which contemporary 
projects of agricultural development respond to tensions in their work, will be influenced 
by the socio-political and institutional context in which they take place. Any project may 
be expected to be sensitive of some of the controversies in international development, 
especially in the heavily contested terrain of agro-biotechnology development. For the same 
reason, any project may be expected to have found ways to respond to and deal with the 
controversies in technology development, and the challenges of making technology work 
for agricultural development. But the important point open for investigation is whether this 
leads to anything more than a superficial, instrumental adaptation of development projects to 
the most controversial issues in public debate. To what extent are contemporary projects of 
agricultural development reflexive in their approaches, and can they meaningfully challenge 
not only the technological means to agricultural development, but also the kind of modernity 
they are contributing to?

Chapters 1 and 3 will unpack and elaborate this critical perspective upon ‘reflexive development’ 
in the context of agro-biotechnologies for international agricultural development. The first 
chapter will focus on the significance of agricultural development, and the importance of 
new genetic technologies in this development. Most importantly, it will introduce a notion of 
‘appropriateness’ of biotechnologies for agricultural development and start the discussion on 
how to conceptualize this notion. Chapter 2 is dedicated to the research design of this study 
and introduces the main research questions and methods of data collection. Then, Chapter 3 
will elaborate on a historical context, with processes of modernisation and industrialisation 
in which agricultural development is taking place. It will also review and discuss different 
conceptualizations of technologies, outlining the relationship between technical design and the 
wider social order. These elements lead to a sharpening and elaboration of the main research 
questions presented in Chapter 2, and provide a starting point for the analysis of several case 
studies of agro-biotechnology development for international agricultural development in the 
later chapters.

Agricultural modernisation for development

The link between international development and agriculture is not coincidental or arbitrary, 
considering that agriculture is widely acknowledged to play a key role in the economic 

6 A further elaboration of the significance of science and technology studies and critical studies of 
technology, will be undertaken in Chapter 3.
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development of less developed countries (Thirtle et al. 2001; Dorward et al. 2004; Diao 
et al. 2007). Moreover, it has a very direct link with the availability of sufficient quantities 
of good quality food, which is an important precondition for food security.7 As a result, 
a significant part of the development debate focuses on the improvement of agricultural 
production, through a wide range of potential interventions. Depending on the main problems 
in an agricultural production system, development may focus on productivity increases, 
diversification of production, reducing the costs and risks of cultivation, or making food 
production more sustainable by reducing environmental impacts. This means that a wide 
range of interventions and tools are being used, ranging from the introduction of irrigation, 
fertilizers, improved pest management strategies, new crop varieties, improved post-harvest 
conservation methods, and even improved access to markets. Within this wide range of 
potential strategies and entry points to agricultural development, the potential of improved 
crop varieties is an area that receives significant attention in the international debates on 
agricultural development, and that is one of the main activities of the Consultative Group on 
International Agricultural Research (CGIAR).

Several reasons might be indicated that could legitimate a special interest for new crop 
varieties, and hence for plant breeding. One is that breeding is an attractive entry point for 
international contributions to local agricultural production. Improved varieties may be useful 
in a wide range of circumstances, while much of the pre-breeding work can be done in isolation 
of the local situation. While the installation of irrigation facilities, or the provision of improved 
fertilizer requires a project to directly engage with a local situation and its complex dynamics, 
early phases in plant breeding generally allow for a much more distanced engagement with 
the problems in agricultural production. Commonly, only downstream variety development 
is conducted in close contact with farmers and within specific environmental conditions 
in which the improved variety is supposed to perform. This approach is reflected in the 
work and institutional organisation of a series of specialized plant breeding institutes of the 
CGIAR, that provide crop varieties for a very wide range of countries and regions, but have 
centralized their upstream pre-breeding research to an important extent in the international 
research centres. Plant breeding is a strategic investment in that sense, which can lead to 
potential benefits in a wide range of localities. Having said that, there are some pitfalls in 
centralizing (pre-)breeding, in the sense that crucial interactions between new crop varieties 
and local conditions may be different than predicted or expected. For that reason, increasing 
attention has been going out to variety development with locally adapted crop varieties, and 
to participatory methodologies to investigate local needs and priorities.

Secondly, seed plays a crucial role in agricultural production, and gathers a wider range of 
problems and potential solutions for agricultural production. While problems with productivity 

7 A precondition, but not sufficient, considering that hunger can prevail in the presence of abundance 
of food if those with the greatest need for food lack purchasing power (Sen 1981).
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and pest infestation can be addressed by improved soil management, irrigation, fertilization, 
and improved pest management, they may also be addressed by plant breeding. Modern 
plant breeding is increasingly capable of producing plants which are resistant to diseases and 
pest insects, which are capable of growing under harsh environmental conditions, and which 
are increasingly productive because of a more efficient use of nutrients. All these aspects 
of agricultural production are gathered in the nature and quality of the seed, and breeding 
therefore provides a highly strategic way of engaging with agricultural production. This 
strategic role of the seed has of course not gone unnoticed by the plant breeding industry, which 
has been enthusiastic in claiming ownership on the seed through both legal and biological 
mechanisms (Kloppenburg 1988). This strategic aspect of the seed, not only in production 
but also in the political economy of plant breeding, provides the owner and developer of 
seed with a crucial and powerful role in the agricultural production system, as will be further 
discussed in Chapter 3.

Thirdly, the introduction of improved varieties has proven to be a highly effective way 
of influencing agricultural productivity during the Green Revolution in the second half 
of the twentieth century. In fact, current assumptions about the potential of agricultural 
modernisation for economic development, can in general be traced back to this extremely 
important experience in the planned, large scale modernisation of agriculture in developing 
countries. Given the crucial importance of the Green Revolution in our current understanding 
of agricultural modernisation, a brief review of this process is appropriate. It will provide an 
important background to contemporary discussions on the role of biotechnologies and new 
crop varieties in agricultural development, and the different perceptions of what agricultural 
modernisation is all about.

The controversy of the Green Revolution

‘Green Revolution’ is the name that was given to a process of agricultural modernisation in 
developing countries, most notably in the 1960s and 1970s.8 It was aimed at the increase of 
agricultural productivity, and depended upon a combination of improvements in infrastructure 
and research capacity, and the transfer and introduction of relatively simple agricultural 
technologies. These novel agricultural technologies included modern high yielding varieties 
(HYVs) of rice and wheat, and a package of agricultural tools and practices, such as the use 
of chemical fertilizers, irrigation and pesticides.

Arguably the most interesting and innovative aspect of the Green Revolution was the 
development of ‘miracle’ dwarf varieties of wheat and rice, which had a shorter plant 

8 The term ‘Green Revolution’ was first used by USAID administrator William Gaud in a speech entitled 
“The Green Revolution: Accomplishments and Apprehensions” before the Society for International 
Development, on March 8, 1968.
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morphology which allowed the crop to spend its energy on making grain, instead of stems or 
leafy material. This specific crop morphology allowed the new varieties to respond much better 
to the application of high quantities of chemical fertilizer, which led to strong yield increases 
(Khush 1999).9 Under good conditions (with irrigation or plenty of rain, and fertilizer) the 
HYVs strongly outperformed traditional varieties of wheat and rice. Under more difficult 
(rainfed) circumstances, the advantage of modern varieties was generally less clear, and 
traditional varieties sometimes proved to be more productive (e.g. Negi 1994).

The start of the Green Revolution can be traced back to the invention of dwarf varieties of wheat 
by Norman Borlaug in 1954, at the research centre that is now known as CIMMYT (Centro 
Internacional de Mejoramiento de Maiz Y Trigo: International wheat and maize improvement 
centre) (Parayil 2003). Equally important was the later development of dwarf varieties of rice 
at the International Rice Research Institute (IRRI).10 Govindan Parayil argues that the work 
of these international research institutes was seminal for the success of the Green Revolution, 
but that there were a number of other crucial protagonists in this process. These included local 
and national governments of developing countries, who increased their budgets for agricultural 
research, and planned and coordinated the transfer and adoption of new technologies through 
various national institutions. In addition, multilateral and bilateral donor agencies played an 
essential role in supporting the setup of agricultural universities according to the American 
model of land-grant universities (US Agency for International Development; USAID), in the 
development of national agricultural research systems (Rockefeller Foundation), and in farm 
extension work (Ford Foundation) (Parayil 2003).

The Green Revolution has been a success in terms of productivity increases in cereals, and 
adoption of the improved varieties by farmers, at least in some areas. Several studies provide 
productivity statistics that demonstrate that rice and wheat yields more than doubled within 
two decades, in countries like India, Pakistan, the Philippines, Mexico, Turkey and Indonesia 
(Conway 1998; Pingali and Heisy 1999). Also, Evenson and Gollin provide data suggesting that 
the development of modern cereal varieties has led to a prolonged increase in productivity, 
which in fact has had the greatest effect in the 1980s and 1990s (Evenson and Gollin 2003). 
They explain this effect by arguing that successive generations of new varieties have been 
developed, each contributing gains over previous generations.

9 In addition to crop morphology, a number of other traits were modified as well, that increased the 
adaptability and yield stability of the new wheat and rice varieties. These included traits that allowed 
the crops to be planted at any time of the year and shortened the growth period, leading to increased 
cropping intensity. In addition, traits for disease and insect resistance were incorporated, as well as 
modest tolerance to soil salinity, alkalinity and metal toxicity (Khush 1999).
10 The important role of these centres during the Green Revolution led to the instalment of a range of other 
international agricultural research centres, which in 1971 were brought together as the aforementioned 
Consultative Group on International Agricultural Research (CGIAR).
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On the other hand, both the critics and proponents have noted that the benefits of the Green 
Revolution have been unevenly spread, for a variety of reasons. One crucial element has been 
that the Green Revolution explicitly focused on the uptake of modern farming practices 
by medium size and large scale farmers; leaving small scale farmers – and notably female 
farmers – in less favourable areas largely behind (Momsen 1991; Parayil 2003, p. 976). This 
allegedly exacerbated income differentiation in less developed countries. In fact, a meta-
analysis by Donald Freebairn reveals that 80% of 300 studies on the income effects of the 
Green Revolution published during 1970-89, found that income inequality increased, both 
interfarm and interregional (Freebairn 1995). In addition, local food security in many places 
deteriorated while the national cereal production increased. This can be explained by a shift in 
production which largely changed from subsistence production to market based production, 
and from a variety of crops to mainly cereals. Land that previously fed peasants with pulses, 
was now used for cereal production intended for export (Spitz 1987).

In spite of these concerns regarding the social differentiation of the benefits of the Green 
Revolution, especially the bias of the Green Revolution for medium- to large-scale farmers 
remains heavily debated. Vernon Ruttan – for example – argues that the Green Revolution 
technologies did not change income differentiation. Instead, he claims that the situation before 
the introduction of Green Revolution technologies is strongly correlated to the distribution 
of its welfare effects. Whenever Green Revolution technology was introduced into economies 
with relatively equitable income distribution it reinforced that equity; when it was introduced 
into countries with inequitable income distribution in rural areas it reinforced that inequity 
(Ruttan 2004, p. 14-15). That is not to say that the technology itself had an entirely neutral 
function in this process. However, the effects on income differentiation were as much related 
to the existing socio-economic situation, as to the technology itself. Moreover, he argues that 
in contrast with the mechanisation of agriculture which was biased towards the replacement 
of labour, the use of improved crop varieties had a predominant land-saving effect, rather 
than a labour-replacing effect. He concludes that the resulting intensification of agriculture 
is most likely to have increased both production and demand for labour, leading to an overall 
positive – instead of a negative – effect on the quality of life in rural villages. In a similar vein, 
Alston et al. argue that some of the negative effects of the Green Revolution in terms of income 
differentiation may not have been caused by the technology package of the Green Revolution, 
but by deficiencies in social policies in developing countries. They argue that criticism of the 
Green Revolution may lead to a revision of research priorities, but more importantly to “the 
introduction of complementary policies to address the unwelcome side effects of otherwise 
beneficial technologies”(Alston et al. 2006, p. 346).

Next to concerns over the social differentiation of the benefits of the Green Revolution, concern 
has been expressed over the geographic differences in impacts on productivity. For example, 
Bernstein noted that while the Green Revolution may have been responsible for making a 
country like India self-sufficient in food grains by the late 1970s, it had a very uneven regional 
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impact. He notes that per capita grain production actually fell in 11 of the 15 major states of 
India, between 1960 and 1985, and was correlated strongly with the distribution of irrigation 
which enabled multiple cropping (Bernstein 1992). Similarly, the Green Revolution may have 
had strong impacts in parts of Asia and Latin America, it largely left Sub-Saharan Africa behind 
(Dixon 1990; Evenson and Gollin 2003). Although a large number of modern varieties have 
been deployed in this region, the uptake has been minimal, in contrast with Asia and Latin 
America. One of the reasons may have been that the agro-climatic conditions in Sub-Saharan 
Africa are less favourable for the type of modernized agriculture that was promoted as part 
of the Green Revolution. Moreover, high yielding varieties that were available for Asia and 
Latin America performed poorly in Africa; only in the 1980s did new improved varieties for 
Africa become available (Evenson and Gollin 2003).

A final major criticism of the Green Revolution is that it has caused severe environmental 
problems. This is part caused by the poisonous effects of excessive use of chemical fertilizers 
and pesticides (introduced along with the Green Revolution), and in part because of salination 
of upper soil layers caused by excessive irrigation (Singh 2000). Moreover, various scholars have 
expressed the concern that the Green Revolution has strongly contributed to genetic erosion 
and the large scale replacement of traditional varieties by a limited number of modern crop 
varieties (Cooper et al. 1992; Pretty 1995). This is considered to be a tragic loss of agricultural 
biodiversity, and therefore the loss of a precious resource for future plant breeding. In addition, 
a narrow genetic base is feared to increase the vulnerability of cropping systems.

However, also these claims on the negative environmental effects of the Green Revolution 
remain contested. For example, other scholars have pointed out that the Green Revolution 
may in fact have helped to conserve environmentally sensitive regions by focusing intensive 
agriculture on the more productive land, and has reduced the pressure to open up more 
fragile lands for agricultural production in order to meet the growing requirements for food 
(Conway 1998; Khush 1999). In addition, Melinda Smale challenges the observations that the 
Green Revolution is responsible for genetic erosion (at least in wheat), by arguing that the 
there are different ‘windows’ or perspectives on genetic diversity. These perspectives range 
from allele frequencies, to patterns among the plant populations grown on farms in a locality, 
nation or region. These different perspectives make it very difficult to establish the effects of 
the introduction of new varieties or genetic recombinations on genetic diversity. Moreover, 
she argues against the thesis that farming systems have become more vulnerable by stating 
that there is no evidence for an increased vulnerability of wheat to rust diseases since the rise 
and widespread use of modern varieties (Smale 1997). Stephen Brush rejects the hypotheses 
of genetic erosion and instability caused by the Green Revolution for similar reasons, in the 
context of potato farming (Brush 1992).
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Lessons from the Green Revolution, or acknowledging the controversy?

All in all, the Green Revolution has been a very important experience in trying to stimulate 
large scale agricultural modernisation. It demonstrates the crucial role that improved crop 
varieties can play in the modernisation of agriculture and the economic development of 
developing countries. However, it also remains a hotly debated topic. Some forty years after its 
launch, articles are still appearing discussing its effects on productivity, income differentiation, 
and the environment. And no consensus appears to be in sight, on any of these aspects. This 
makes it difficult – if not controversial – to draw lessons from this important and influential 
past experience in planned agricultural modernisation in the developing world. Paradoxically, 
it is taken as an illustration of both the great failure of agricultural modernisation (Shiva 1991), 
as well as its success (Conway 1998).

The continuing attention for the Green Revolution and its evaluation (also in this thesis) may in 
part be explained by the still relevant questions regarding the validity of the followed strategy 
for large scale agricultural development. An underlying question in the debate on the Green 
Revolution is whether technological development can be the key factor in solving widespread 
rural poverty, or whether such problems need to be addressed by (also) reconsidering social 
relationships and the distribution of wealth in a society. Donald Freebairn captures the core 
of this debate by writing:

“A technological strategy for agricultural and rural development is politically 
attractive. If seeds, fertilizer, water control, and pesticides can assure a productive 
agriculture and a prosperous countryside, the struggles and dislocations of altering 
social relationships, landholding patterns, political power sharing, and other 
deeply entrenched arrangements can be avoided. If they cannot, however, other 
approaches are necessary to help alleviate the destabilizing and demoralizing 
effects of worldwide rural poverty.” 

(Freebairn 1995, p. 277)

In other words, what is at stake in the debate on the Green Revolution is the legitimacy of 
technology as driver for socio-economic change. As Freebairn writes, a largely technical 
approach to development would be attractive from the perspective of a social elite that wishes 
to address rural poverty, without having to get involved in difficult social reforms. However, 
if the Green Revolution as a largely technological project is evaluated as a failure, it would 
disqualify such an approach.

Later, in Chapter 3 of this thesis, different theories of technology will be discussed that 
disqualify a purely technical approach to social change for a different set of reasons. By focusing 
on the interrelationships between evolving technological and social structures, the notion of 
technology as external driver will be dismissed. These conceptual discussions on the nature of 
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technology also have repercussions for the evaluation of a project like the Green Revolution, 
in the sense that they require us to perceive the technologies of the Green Revolution and 
the social and institutional context in which it emerged as a ‘socio-technical ensemble’, rather 
than as two separate spheres.11 For that reason, it makes no sense to evaluate the impact of 
technology on an external social reality. Instead, it becomes crucial to understand how the 
technology fitted the context and motivations in which it emerged, and how that may also 
explain why the technology was successfully applied in some contexts, while it quite clearly 
failed to deliver in other contexts. This changes the discussion from a evaluation of good and 
bad effects of the technology on agricultural production, to a discussion on the importance 
of developing technology in a contextualized way.

Therefore, rather than concluding this section on the Green Revolution with a definite 
statement on its value for agricultural development, it is important to acknowledge the 
controversy, and to acknowledge that the ‘success’ or ‘failure’ of a project such as the Green 
Revolution can only be understood in terms of a specific context of development, and against 
specific expectations about what the project was supposed to achieve. For example, in terms 
of national food production, there is little in the way of concluding that the Green Revolution 
has been a great success, at least for many Asian countries. However, critics have shifted the 
focus to the socio-economic differentiation of benefits, to food security on household level 
(instead of on a national level), and to the deruralization that agricultural modernisation has 
contributed to. In other words, any lessons drawn from the Green Revolution are contingent 
upon the perspective taken on what agricultural modernisation is for.

Leaving the historical perspective of the Green Revolution behind, it is important to shift focus 
to contemporary developments. The productivity increases caused by the Green Revolution 
appear to be levelling off (Brown 1997; Strauss 2000), but recent developments in genetics 
and biotechnology are hoped to provide a new potential to revolutionize plant breeding, and 
to further increase agricultural productivity. The Green Revolution may have passed by, but 
a brand new Gene Revolution is dawning (Conway 1998; Swaminathan 2004).

Genetic technologies for agriculture

Genetic technologies play an important role in contemporary efforts to contribute to agricultural 
development. The previous section has already elaborated the strategic importance of seeds 
in agricultural production. Moreover, the review of the Green Revolution demonstrated the 
crucial role of high yielding varieties of wheat and rice in reaching the productivity increases 
that made the Green Revolution so successful and famous. But while conventional plant 
breeding may have revolutionized the face of agriculture worldwide, it does have its limitations. 
Plant breeding is time consuming, and the extent to which breeders can introgress new traits 

11 The notion of a socio-technical ensemble is adopted from (Bijker 1995).
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into new varieties is limited. It is not hard to see how this leads to a general interest in the 
technical potential of biotechnology to overcome limitations in conventional plant breeding.

This general interest in plant biotechnology as a potential solution to problems in agricultural 
production is fuelled by an increasing public concern on population growth, climate change, 
and environmental degradation. According to the US Census Bureau the global population 
is expected to reach a number of 9 billion by 2050, before slowly levelling off.12 This means 
that agricultural production will have to keep up with a growing number of mouths to feed. 
Moreover, global food patterns are changing, with a strong increase in meat consumption 
in developing countries like China and India (Rosegranta et al. 1999). In addition, global 
warming is expected to have important implications for agriculture because of changing 
weather conditions, and especially desertification in parts of Africa (Lovett et al. 2005). 
Creating new arable land is considered to be highly problematic, especially if it would mean 
the destruction of rainforests and other natural habitats. Finally, the search for renewable 
sources of energy is making the production of biofuels increasingly attractive, which potentially 
means a competition over arable land between food production and energy production (Ford 
Runge and Senauer 2007).13 The international debate on these kinds of global problems rather 
directly feeds into a plea for the development of technological solutions to the problems in 
agricultural productivity, especially in harsh environmental conditions.

In order to provide such concrete solutions, the development of new crop varieties through 
plant breeding is considered to be very important. This is no different from the emphasis on 
the introduction of modern high-yielding varieties during the Green Revolution. However, 
one important difference is that the face of plant breeding has fundamentally changed since 
Mary Dell Chilton led a research group that produced the first transgenic plant at Washington 
University in 1982 (Pesticide Outlook 2002). This discovery opened the door to entirely novel 
ways to produce plants with desirable characteristics, and hence provided plant breeding with 
a new revolutionary potential.

Some technical background on biotechnology, genomics and molecular breeding

In order to appreciate the revolutionary potential of transgenic plants, and other modern plant 
breeding techniques, it may be useful to provide a little bit of technical background. Please 
see Box 1.2 for definitions of some concepts that will be frequently used throughout the text.

12 See: http://www.census.gov/ipc/www/idb/worldpopinfo.html (last accessed 17 September 2008).
13 Biofuels are alternatives for fossil fuels that are based upon bio-ethanol from carbohydrate rich plants, 
or bio-diesel based upon oil-rich plants. Common crops used for biofuel production are sugar cane, 
maize, rapeseed/canola and jatropha.
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Since fragments of DNA (known as genes) are responsible for the expression of a certain 
characteristic in an organism, the transfer of genes from one organism to another means that 
also – within certain boundaries – characteristics can be transferred. This is essentially the 
mechanism underlying breeding, in which the crossing of different organisms is supposed to 
lead to the recombination of their genetic material in their offspring. However, with the advent 

Box 1.2. Defining biotechnologies.

In this thesis a number of terms are frequently used that may lead to confusion: biotechnology, 
transgenics, genetic technologies, and modern plant breeding. Biotechnology is a commonly 
used term for the use of biological organisms or processes. The United Nations Convention 
of Biological Diversity proposed the following definition:

“ ‘Biotechnology’ means any technological application that uses biological 
systems, living organisms, or derivatives thereof, to make or modify products 
or processes for specific use.” 

(United Nations 1992)

This is in fact a very wide definition that may include anything from traditional beer 
brewing to transgenic technologies or cloning. For this thesis, the definition is somewhat 
narrower, since the term ‘biotechnology’ will always be used within the context of agricultural 
production and plant breeding. However, it will be used in a wider sense than merely to 
indicate genetic modification (with which the term has sometimes been equalled), and 
which will be explained below.
The term genetic technologies is used in a similar way as ‘biotechnology’ and denotes 
biotechnological processes or techniques in which the knowledge, recombination or 
modification of genetic material is central. This may include genetic modification, genomics, 
marker assisted breeding or genotyping techniques (which will all be explained in this or 
later chapters).
The term modern plant breeding refers to the practice of making crosses and selections 
(plant breeding), but with the help of molecular techniques. This may include genetic 
modification, but more emphatically refers to marker assisted breeding in which knowledge 
about gene functions, and their traceability through plant crosses can be used to make 
breeding quicker and more powerful.
Genetic modification is a process in which molecular technologies – rather than a process 
of natural crossing and selection – are used to specifically alter the content of genetic 
information (DNA) in an organism. If this process involves the introduction of genetic 
material from another species, this is called ‘transgenics’, and hence leads to a transgenic 
organism. Common synonyms for ‘genetic modification’ include: ‘genetic manipulation’, 
‘genetic engineering’, or ‘genetic transformation’.
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of transgenic technology, this recombination of genetic material is no longer restricted to 
natural crossings (with organisms of the same species), but genetic material can be recombined 
from entirely different species. A well known example is the transformation of crop plants 
with a gene from a bacterium Bacillus thuringiensis. This naturally occurring soil bacterium 
carries a gene for a protein with pesticidal characteristics. Transformation of the gene to a crop 
plant leads to a plant that produces its own pesticide (Vaeck et al. 1987). In a similar vein, a 
rice variety has been produced which produces high levels of pro-vitamin A (beta-carotene), 
with genes from daffodil and a soil bacterium. Because of its yellow colour, this rice variety 
is commonly known as ‘Golden Rice’ (Ye et al. 2000).

Next to introducing new genes, it is also possible to modify existing plant genes, or to increase 
or decrease the levels of expression of specific genes. To distinguish these activities from 
transgenics – in which the introduction of foreign DNA into an organism is essential – it has 
been named ‘intra-genics’ or ‘cis-genics’. The recent development of a cis-genic strawberry 
illustrates that naturally occurring DNA fragments can be modified and reshuffled in order 
to increase disease resistance in crops (Schaart 2004).

The development and application of transgenic crops has been highly controversial and has led 
to heated public debates, especially in Europe. Important concerns include the outcrossing of 
transgenic crops with wild species, leading to ‘genetic’ environmental pollution, and the safety 
of transgenics for consumption. However, studies into public perceptions of risks associated 
with transgenic technology have generally provided a very complex and varied picture of 
why consumers have doubts about the use of transgenics (Marris et al. 2001; Frewer 2003). 
Regardless of what the most important concerns of different stakeholders have been, they 
have made the development and application of transgenic crops for the European market 
come to a standstill.

Nonetheless, on a global scale, the use of transgenic crops has been rising for the last 12 years, 
and big developing countries like India, Brazil, Argentina and China have opened their markets 
for the commercialization of a limited number of transgenic crops (James 2007). While the 
first transgenic crops that arrived on the market expressed traits that fitted well within large 
scale industrial farming in developed countries (e.g. herbicide resistance), today increasing 
attention is going out to developing transgenic crops that may also have a high relevance for 
developing world agriculture. Examples include crops with enhanced nutritional value (Dawea 
et al. 2002; Toenniessen 2002), resistance against specific pest insects and viruses (Ferreira et 
al. 2002), improved tolerance to acidic or polluted soils (Herrera-Estrella 1999), and drought 
tolerance (Moffat 2002). At the same time, in many cases the precise benefits of these crops in 
developing world agriculture still has to be proven in practice, and will depend on the specific 
farming system in which they are used.
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The development of transgenic crops has perhaps drawn most attention in terms of public 
debate. However, in terms of technical development, there is a lot of other work being done 
that is relevant for plant breeding. In the development of transgenics, the focus has generally 
been on one or a very limited number of genes that are to be transferred or modified for 
the production of a plant with a new characteristic. The rise of genomics in the past two 
decades, and most significantly in the last ten years, has shifted focus from single genes, to 
the functioning of the complete package of genetic material in an organism: to the level of 
genomes.14 See Box 1.3 for a brief description of the field of genomics research.

Thomas Roderick is said to have coined the term ‘genomics’ in 1986 to describe the scientific 
discipline of mapping, sequencing and analyzing genomes, a term that was courteously 
adopted by the editors of the new journal Genomics in 1987 (McKusick and Ruddle 1987). It 
can be argued that around that time, a new scientific discipline started to take shape and the 
concept of ‘genomics’ was born. Most genomics work originally started on micro-organisms 
(with conveniently small genomes), but the discipline has by far drawn most attention through 
the Human Genome Project, which aimed to map and characterise the complete sequence of 
human DNA (Lander et al. 2001).15 However, the implications of genomics for agriculture and 
plant breeding are most significant in Plant Genomics. Rice and grapevine are currently the 
only important food crops whose full genomes have been sequenced (Goff et al. 2002; Yu et 
al. 2002; Jaillon et al. 2007), but efforts are being undertaken to also sequence the full genomes 

14 Consider for example the use of DNA microarray technology, which studies the simultaneous 
expression of thousands of genes under different conditions at the same time, trying to elucidate – for 
example – genetic responses to changing environmental conditions on the level of the entire genome.
15 See also http://www.ornl.gov/sci/techresources/Human_Genome/home.shtml (last accessed 17 
September 2008).

Box 1.3. Genomics, or genome sequencing.

Every cell in an organism contains genetic material, captured in the molecular structure of 
DNA (deoxyribonucleic acid) and written in a genetic code of four ‘letters’ (nucleotides): A, 
T, C, and G. A sequence of nucleotides determines what kinds of enzymes are produced by a 
cell, and by consequence what characteristics a living organism expresses. All genetic material 
together is called the ‘genome’. Genomics is the science of ‘reading’ and understanding 
the complete sequence of nucleotides on the DNA of an organism. By deciphering, or 
‘sequencing’ the full genetic code of an organism, important insights can be gained of how 
a living organism ‘works’, how it can be cured if things go wrong, or how it can be ‘improved’ 
(in the case of crops).
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of: maize, tomato, potato, cassava, sorghum, castor, soybean, wheat, papaya, Chinese cabbage, 
banana and a number of other model organisms with less direct agronomic importance.16

Plant breeding can benefit from knowledge about plant genomes, because breeders may know 
better which genetic elements will be responsible for what traits. Therefore they know which 
genetic elements need to be recombined to get a specific plant with desired traits. Such a plant 
can then be genetically engineered, but alternatives also exist. Molecular markers on DNA 
can allow a scientist of plant breeder to relatively easy trace ‘genetic elements of interest’ in 
the offspring of a crossing. This allows for a much quicker selection process, and hence for 
a much larger throughput of crossings and selections. Such ‘marker assisted selection’ can 
allow breeders to select for a combination of traits that cán occur through natural crossings, 
but is statistically highly unlikely to happen (see Box 1.4 for an example).

16 See http://www.ncbi.nlm.nih.gov/genomes/PLANTS/PlantList.html, or http://www.ncbi.nlm.nih.gov/
genomes/leuks.cgi?taxgroup=11:|12:Land%20Plants&p3=12:Land%20Plants for a more extensive list of 
ongoing plant genomics projects. (Both websites last accessed on 17 September 2008).

Box 1.4. The potential of marker assisted breeding – a case of aphid resistant lettuce.

The potential of marker assisted selection is best illustrated with an example: the breeding of 
aphid-resistant lettuce. Aphids are little insects that feed on lettuce and therefore diminish 
the commercial value of the produce and require pesticide applications. In the Netherlands, 
several attempts had been made to develop aphid-resistant lettuce, but this turned out to 
be very difficult. The trait for ‘aphid resistance’ appeared to be genetically closely linked to a 
trait for ‘compact growth and rapid ageing’, which led to lettuce that was resistant, but with 
agronomically undesired characteristics. A separation of the resistance trait and rapid ageing 
trait can occur in normal crosses (through meiotic crossing-over), but it does require a very 
large segregating population. Moreover, the undesirable ‘rapid ageing trait’ is difficult to trace 
visually in a population of lettuce plants, since it is inherited recessively. This means that the 
presence of the undesirable version (allele) of the gene can be masked by the presence of 
its desirable version. This in turn makes it difficult to breed and select for a plant with two 
desirable alleles of the gene, which is required for its commercial use.1 In this case, molecular 
markers facilitated the separation of such closely linked traits by quickly recognizing the 
appropriate recombination of genetic material in new offspring (Jansen 1997).

1 In technical terms, the recessively inherited allele is difficult to recognize in heterozygous situations, 
and hence it is very difficult to produce homozygous plants without the undesirable trait.
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From Green Revolution to Gene Revolution?

The potential of transgenic technology, genomics and marker-assisted breeding has 
revolutionized plant breeding, providing breeders and scientists with the skills and tools to 
breed crop varieties with an increasingly wide range of potentially useful traits. It is argued 
to provide projects working on agricultural development with new and interesting options 
to develop crop varieties tailored to the needs of resource poor farmers, and dealing with the 
specific problems that arise in their production systems (Delmer 2005; Naylor et al. 2005).

In terms of revolutionary technical potential in plant breeding, a comparison between the 
Green Revolution and the Gene Revolution is tempting, and has been made very explicitly 
by a wide range of scientists (Conway 1998; Swaminathan 2004; Guerinot 2000). This 
comparison leads to the assumption that if improved crop varieties were able to boost 
agricultural productivity during the Green Revolution, the introduction of new improved 
varieties today can have a similar – or even stronger – impact. At the same time, the technical 
potential of new crop varieties has to materialize in a world which is also determined by social, 
political and institutional dynamics and restrictions. This has led to an ongoing debate on the 
institutional and systemic conditions that may allow or prevent that agro-biotechnological 
innovations reach resource poor farmers (Tripp 2001; Byerlee and Fisher 2002; Chataway 
2005; Reece and Haribabu 2007). In that context, some scholars have stressed that – next to 
some continuities – there are very important differences in the socio-political landscape in 
which the Green Revolution and Gene Revolution have taken, and are taking place (Buttel et 
al. 1985; Parayil 2003; Brooks 2005; Swart et al. 2007). Rather than assuming a similar effect 
of the Gene Revolution on productivity, these scholars question the benefits of modern plant 
biotechnologies within this new context.

The Green Revolution is primarily known as a project of agricultural modernisation, aimed 
to increase productivity, and to increase food security in the Third World. However, several 
scholars have indicated that entirely different motivations played a crucial role in supporting 
this process. For example, Govindan Parayil argues that the main catalysts for the Green 
Revolution were in fact: (1) strategic considerations during the Cold War to stop the spread of 
communism in developing countries, (2) the national aspirations of Third World governments 
to attain food self-sufficiency, and (3) the goodwill of scientists and technologists to contribute 
to the social and humanitarian goal of eradicating hunger (Parayil 2003). Especially the context 
of Cold War politics has been frequently mentioned as a crucial factor in this process (Perkins 
1997; Hall et al. 2000).

“Although there was no Marshall Plan to modernize Third World economies, the 
contingencies of the Cold War prompted the West to find a quick technological 
fix to avert hunger-led insurrection and possible communist takeover of key 
Third World nations without demanding drastic changes in the social relations 
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of production and distribution of their agrarian sector – putatively the crucial 
economic sector in which most people sought their sustenance.” 

(Parayil 2003, p. 986)

In addition, Parayil notes that at the time of the Green Revolution, a strong belief in global 
modernisation prevailed in international development thinking. Central in this type of 
modernisation theory is the convergence of modernisation trajectories to a European-style 
modernity. This ideology of modernisation is argued to have informed the Green Revolution 
and its strong focus on the transfer of technology from industrialized countries to developing 
countries (ibid.). Interestingly, this approach of planned modernisation seems to fit the 
institutional backbone of the Green Revolution which strongly relied on international research 
institutes, funding organisations and national governments, while NGOs or other grassroots 
organisations played a much less prominent role.

An additional characteristic of the Green Revolution is that it was an entirely publicly funded 
project, funded by international donor agencies and national governments of developing 
countries. Market relations and private interests only played a secondary role in the diffusion 
of the technology. This changed markedly for the more recent Gene Revolution, which is to an 
important extent private sector-led (Buttel et al. 1985; Pinstrup-Andersen and Cohen 2000; 
Seshia and Scoones 2003). In contrast to the background motivations influencing the Green 
Revolution, Parayil describes how the Gene Revolution is taking place against a background 
of economic globalization, in which private sector actors – often multinational corporations 
– play a leading role in the innovation and diffusion of agricultural biotechnology. He writes:

“The technological trajectory is shaped by the imperatives of private property 
institutions, market forces, global finance, and transnational (and in certain 
cases national) regulatory institutions. The contingencies and imperatives of 
economic globalization shape the technological trajectory. New plants and crops 
are being developed not to solve problems of hunger and deprivation, but mostly 
to increase shareholder values of companies that have invested heavily in R&D 
efforts in the biotechnology sector.” 

(Parayil 2003, p. 982-983)

This marks a crucial difference with the dynamics of the Green Revolution, that were primarily 
led by national governments and international donor agencies. Rather than geo-political 
interests, commercial incentives appear to be determining the development and diffusion of 
modern plant varieties. This also has repercussions for public sector research. Sally Brooks 
argues that structural underfunding of public sector agriculture research institutes means 
that agro-biotech development is mainly determined by the private sector, and that public 
sector research institutes are increasingly reliant on public private partnerships (Brooks 
2005). This new playing field, with a leading role for the private sector, is further shaped by 
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the rise of increasingly important and strict intellectual property regimes to protect private 
interests in biotechnology development (Dutfield 2003). It provides a legal structure for the 
new socio-political landscape in which modern biotechnology and plant breeding is taking 
place. Unfortunately, this intellectual property regime is feared to further restrict the ‘freedom 
to operate’ of the already underfunded public sector (Falcon and Fowler 2002; Atkinson et al. 
2003).17 Box 1.5 provides a summary – adopted from an article by Sally Brooks – of the main 
continuities and differences between the Green- and Gene Revolution.

The picture is clear; although there are some clear continuities between the approaches 
of the Green Revolution and Gene Revolution, crucial differences have been described in 
terms of the driving forces behind these ‘revolutions’, and the rules of the game. The result is 
that the Gene Revolution is taking place in an entirely different playing field than the Green 
Revolution. Modernisation as overall ideology of development is increasingly being reshaped, 
reinvented and legitimized by a globalizing economy and the interests of a powerful private 
agro-biotech industry.

This discussion on the motivations and drivers behind agricultural modernisation during the 
Green Revolution and in more recent times, has important consequences for the analysis of 

17 The tension between an increasingly strict intellectual property regime and ways to increase freedom 
to operate is further elaborated in Chapter 3.

Box 1.5. Continuities and changes between the Green Revolution and Gene Revolution 
(Brooks 2005: 362).

Continuities
•	 Promotion of ‘scientific revolution’ in agriculture; a ‘technological fix’ applied to complex 

socio-economic realities.
•	 Promotion of monocultures to intensify production.
•	 Food shortage presented as a supply problem rather than a distribution problem.
•	 High barriers to entry tend to squeeze out smallholders and increase inequality.
•	 Legitimized by neo-Malthusian discourses.
Changes
•	 High levels of uncertainty and risk surrounding transgenic technologies, new issues 

such as bio-safety.
•	 Ownership and control: from public sector to private sector.
•	 International context: from Cold War and national food self-sufficiency to neo-liberal 

globalisation and competitive exports.
•	 A wider range of actors influencing and contesting policy.
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reflexivity in technology development projects, as introduced at the beginning of this chapter. 
It indicates that political, ideological and commercial motivations may have an important 
influence on the nature of development projects and processes. This leads to the conclusion 
that contemporary projects on agricultural development and their reflexivity cannot be 
evaluated in a narrow sense. They too need to be evaluated with respect to the contemporary 
socio-economic situation, its discourses, and its different interests.

Making genetic technologies ‘appropriate’ for agricultural development

While the previous section highlighted the historical and socio-political motivations that may 
influence processes of agricultural development, these issues rarely penetrate the mainstream 
discourse on agro-biotechnology development for the poor. Instead, the political, commercial or 
ideological backgrounds to development generally remain opaque, and the purely humanitarian 
motive of ‘helping the poor’ is put to the fore, both by public and private sector actors. But 
regardless of its precise motivations, every project needs to make its technology work in a new 
and difficult environment. This has led to the common-sensical – but rather depoliticized – 
notion of ‘appropriate technology’. This notion of appropriate technology emerged from the 
general acknowledgement that not any transfer of technology from an industrialized country 
to a developing country is successful. Important contextual factors play a role in determining 
how new technologies interact with a local production systems. Appropriate technology is 
supposedly a technology that fits well within the local circumstances in which it has to perform. 
The question remains how to determine what makes technology ‘appropriate’.

This question of how to define ‘appropriate technology’ is not new. It has been posed for several 
decades in international development debates, and goes back to the early 1970s (Shumacher 
1973). Despite of the length of the debate on ‘appropriate technology’ a consensus on its 
meaning seems to be lacking, and very different conceptualizations circulate in mainstream 
discourse and in various articles. Definitions commonly vary from appropriateness in terms 
of adaptation to local climatic conditions, socio-economic conditions, cultural preferences, 
and market opportunities. But it is also defined as:

“Applied science that is suitable for the level of economic development of a 
particular group of people. Appropriate technology is decentralized, can be 
understood and operated by its users (i.e., does not require outside operators), 
uses fuel and other resources that are either local or easily obtained, and involves 
machinery that can be maintained and repaired by its users. Often, but not 
necessarily, it is labor-intensive and involves simple machinery.” 

(Art 1993; The Dictionary of Ecology and Environmental Science).

A similar, somewhat shorter quote that is circulating on the internet, and is attributed to 
British architect John FC Turner, reads:
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“Appropriate technology is technology that ordinary people can use for their own 
benefit and the benefit of their community, that does not make them dependent 
on systems over which they have no control” 18

What these definitions have in common is the focus on ‘appropriateness’ not only in the sense 
of technical functioning, but in the sense of social relations of production and maintenance, 
and a relative independence from external inputs. This provides a starting point for a somewhat 
richer notion of appropriateness. In such a notion, the question of appropriateness moves 
beyond technical considerations alone, but explicitly questions for whom, and for what kind 
of development a given technology may be appropriate.

The argument to contribute to appropriate technology development has commonly led to a 
plea for bottom-up agricultural technology development. The basic line of thought is that 
appropriate technology development should start with locally defined needs and priorities, 
and take on board locally relevant knowledge and preferences. This is practically organised 
by actively involving farmers and other local stakeholders in priority setting exercises, and 
the evaluation of technical solutions that are being developed. Such notions of participatory 
biotechnology development have for example been elaborated by Joske Bunders and Jacqueline 
Broerse (Bunders 1988; Bunders and Broerse 1991; Broerse 1998; Broerse and Bunders 2000) 
and link up with a range of other methodologies for participatory agricultural innovation 
broadly captured under terms such as ‘Rapid Rural Appraisal’ and ‘Participatory Rural 
Appraisal’.19

An important implication of this strategy is that technological development becomes demand 
driven (instead of science driven), and hence supposedly appropriate to the context of 
application. Moreover, this use of participatory methodologies explicitly answers the question 
of who the beneficiaries should be of technology development: appropriateness is defined 
with respect to the participants of the priority setting exercise. However, there are other 
questions that run a risk of remaining implicit and unquestioned in this kind of methodology. 
These questions relate to the kind of agricultural modernity that technological development 
is supposed to lead to, and especially to the social relations and responsibility in processes 
of agricultural innovation. This risk is especially evident if participatory methodologies 
would only interact with the local and micro-level specificities of a given project. Such an 
approach may gain validity on a local level, but at the same time runs the risk of obscuring that 
agricultural development can have important long term consequences for the way in which 

18 See e.g. http://en.wikipedia.org/wiki/Appropriate_technology (last accessed 17 September 2008).
19 See Chambers (1994) for a introduction and overview of experiences with RRA and PRA. See “Farmer 
First” (Chambers et al. 1989) for the seminal classic on involving farmers in agricultural innovation. Niels 
Röling has been another important proponent of participatory learning in agricultural development. 
See e.g. Röling and Wagemakers (1998).
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farmers are linked up with markets and production chains, how seed systems are organised, 
and how agricultural production itself is being organised. Hence Mohan’s argument that 
“Most participatory approaches tend to study down to the local level, but more transformative 
approaches would also study the global economy and transnational organisations such as the 
major development agencies and be prepared to criticize bad practice.” (Mohan 2001, p. 164).20

In spite of such concerns, stakeholder involvement in technological development is an important 
way of making technologies more ‘appropriate’. It is a particularly good way of learning about 
local priorities, and about defining the direct beneficiaries of development. However, the 
concerns raised in the previous paragraph imply that it is insufficient to delegate all questions 
regarding the future development of agricultural production system to participatory exercises, 
or to legitimize processes of agricultural development merely by reference to locally defined 
priorities. Instead, a critical reflection upon the mode of agricultural modernisation, and the 
position of farmers in that process is required. Such a critical reflection may clearly be a part 
of well-balanced participatory methodologies, but is not sufficiently guaranteed by stakeholder 
involvement alone.

In summary, the notion of appropriateness is ambiguous, and depends not only on technical 
parameters, but also on the questions ‘appropriate for whom’ and ‘appropriate for what kind 
of agricultural modernity’. This complexity of appropriateness is problematic, but at the 
same time it may provide an interesting and useful empirical entry point for analyzing and 
comparing different approaches to agricultural development. Every development project 
must have found a way of dealing with this issue, and must have made implicit and explicit 
choices on how to make sure that its technological outputs are ‘appropriate’ solutions for the 
problems it is addressing. This means that the notion of appropriateness – in all its vagueness 
– provides an excellent entry point to researching the reflexivity of development projects, 
what the crucial criteria are considered to be for making development work, and what the 
relationships are with wider trends of agricultural modernisation. And that is precisely what 
this research aims to do.

Concluding remarks

This introductory chapter started by discussing the ambiguity in international development 
efforts, and by introducing the notion of reflexive development which highlights the process 
in which development projects or institutions reflect upon their own work and respond to 
tensions and criticisms generated by that work. Rather than dividing the development sector 
in various rigid approaches with their respective ideological underpinnings, this notion 
highlights flexibility and a learning dynamic which arguably more accurately describes how 

20 See also Cooke and Kothari (2001) for a wider selection of criticisms and limitations of participatory 
methodologies.
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development efforts have changed over the years and have – for example – been influenced 
by the work of civil society organisations.

The consecutive discussion of agricultural modernisation efforts in the past, and the 
comparison between the ‘Green Revolution’ and the ‘Gene Revolution’ illustrated that the 
context of agricultural development is characterised by rather strong controversies over what 
effects of agricultural modernisation in the past have been, and what the role of technology 
transfer can or should be. Moreover, it illustrated that the nature of such development efforts 
may be strongly connected with a wider context of geopolitical considerations, or with an 
increasingly important role of the private sector in the area of plant breeding and biotechnology 
development. This reaffirms the importance of reflexivity in agricultural development efforts, 
not only in relation to its direct costs and benefits, but also with respect to the wider historical 
trend that such processes of agricultural development are part of.

These questions regarding the nature and effects of agricultural development efforts come 
together in the notion of ‘appropriateness’ of development projects and the technologies they 
develop or use. As discussed, this notion of appropriateness is highly ambiguous and can 
relate to anything ranging from very instrumental considerations to more profound questions 
regarding the social structures that new technologies require or create. This means that the 
concept is fundamentally problematic, but at the same time may serve as a conceptual entry 
point in order to investigate different projects of agro-technology development and the way 
in which appropriateness is defined and operationalized in practice in these projects.

With this introduction, a starting point has been provided for the research presented in 
this thesis, including a number of key concepts that will provide a framework to question 
and analyse various projects of pro-poor agro-technological development. These concepts 
– reflexivity, appropriateness – will be further discussed and defined in Chapter 3 against a 
context of agricultural modernisation and industrialisation. That chapter will reflect upon 
trends in agricultural modernisation and industrialisation that have prescribed a very specific 
path of agricultural development in which seed breeding and other types of innovation 
have become externalized and have been transformed into industrial inputs for the farming 
system. The question will be raised to what extent such a model of agricultural development 
is still legitimate, where it runs up against its limits, and especially whether alternatives can 
be envisioned. This discussion will provide a more complete conceptual framework and 
background for studying concrete examples of ‘pro-poor’ agro-technological development 
in Chapters 4 to 6 of this thesis. Before that, Chapter 2 will first elaborate on the research 
design, methodology and the main research questions for this study. But first, this chapter 
will round up by discussing the scientific and social relevance of this study, and by providing 
an overview of the structure of the thesis with a brief summary of the topics discussed in the 
various chapters.
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Scientific and social relevance

The thesis engages with debates on agricultural development, but especially with debates on 
the role of technological innovation as part of processes of agricultural modernisation. It aims 
to widen the debate on ‘appropriate biotechnology development for resource poor farmers’ 
by reflecting critically on the way in which technical innovation relates to changing and 
existing social relations in agricultural production. This means that the analysis in this thesis 
has an important scientific relevance. In bringing together development studies, science and 
technologies studies, and critical theory, it creates a critical – but constructive – perspective 
on technological development and modernity in the context of international agricultural 
development. While science and technology studies have stressed ambiguity and contingency 
in the construction of technology, critical theory and development studies have generally 
taken a wider historical perspective and stressed persistent historical trends in the relationship 
between technology and international social order (Edwards 2003). The contribution of this 
thesis lies in highlighting the relationship between both types of analyses, and in focusing on the 
relationship between technical development, and social relations in agricultural development.

In practice, this also means that the study explicitly seeks a confrontation between conceptual 
frameworks, influenced by science and technology studies and critical theory, and the 
empirical reality that emerges from case study analysis. Conceptual notions such as ‘the 
politics of technology’ and ‘externalization as part of agricultural industrialisation’ which will 
be introduced and elaborated in Chapter 3, will be used for concrete empirical analysis of 
contemporary projects of technology development. This confrontation between conceptual 
and empirical levels not only allows for a novel and potentially insightful analysis of these 
projects, it also implies a crucial test of the validity and usefulness of these concepts in a 
practical setting. Therefore, the final chapter of this thesis will reflect upon the usefulness of 
the conceptual framework that has been adapted for the case study analysis, and the need 
for adaptations or refinements of these conceptual notions. This will in particular result in a 
discussion of the relationship between technological design and wider social structures in a 
practical setting, as well as in a discussion of the contemporary understanding of the notion 
of ‘appropriateness’ in the context of international agricultural development.

Finally, in addition to its scientific relevance, the analysis in this thesis is motivated by a clear 
social engagement and as such aims to have a strong societal relevance. The potential impact 
of international agricultural development is significant, as demonstrated by the effects of the 
Green Revolution. However, as the same Green Revolution demonstrates, there is an urgent 
need to move beyond a discussion on the ‘means’ towards agricultural modernisation, and to 
reflect upon its ‘ends’, in terms of what agricultural production systems may look like in the 
future, and how benefits of agricultural modernisation are differentiated. A more sophisticated 
understanding of what appropriate agricultural technologies may be, and how they can be 
defined in a concrete setting, can potentially increase their impact. Moreover, considering 



42  Reflexive biotechnology development

Chapter 1

ongoing discussions on the institutional structure and the mandate of – for example – the 
CGIAR system (CGIAR Secretariat 2008), a richer and contemporary understanding of what 
appropriate technology development could mean is expected to contribute policy-relevant 
insights. Such insights will be further discussed in the final chapter of this thesis, and will in 
particular relate to the position of (partly) publicly funded development projects vis-à-vis a 
wider range of actors in the agricultural innovation system.

Structure of the thesis

This first chapter has been committed to introducing the area of interest for this thesis, the 
dilemmas in agricultural development for resource poor farmers, and the question of how to 
operationalize the notion of ‘appropriate technology’ for agricultural development. This has 
provided us with a starting position for formulating concrete research questions, and for the 
description of three cases in the upcoming chapters.

Chapter 2 describes the research design of this study, and in doing so it introduces the main 
aim, research questions and methodology for data collection of this research. As will be 
explained, the research is strongly exploratory in nature and therefore – next to a literature 
study – it primarily relies on qualitative research methods and case studies for its data 
collection and analysis.

Chapter 3 will provide a more extensive conceptual background, deepening the discussion 
started in the first introductory chapter. Agricultural development is discussed in terms 
of modernisation and industrialisation processes which are argued to both contribute to a 
relatively homogeneous approach to agricultural development, and to the externalization 
of many aspects of farming practice like breeding and seed management. Against this 
background an interest is expressed in the possibility to use genetic breeding technologies, 
without necessarily externalizing agricultural innovation to specialized breeding institutes or 
companies. This focus is legitimated by a perceived tension between a standardized package 
of agricultural advice and technologies, and farming systems in difficult environments which 
are characterised by a high degree of variability and localized adaptation. It is suggested that 
farmers in such areas are likely to require a more open-ended approach to agro-technological 
development in which they are empowered in their own on-farm experimentation with new 
crop varieties. The question is whether elements of such an approach to agro-technological 
innovation can be witnessed in the case studies, and what that means in practice for technical 
design.

Chapter 4, 5 and 6 present three case studies of projects in which plant breeding and genetic 
technologies are used to develop new crop varieties with interesting traits for resource poor 
farmers in developing countries.
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Chapter 4 presents the case of the Collaboration on Insect Management for Brassicas in Asia 
and Africa (CIMBAA); a public private consortium in India which aims to develop a cabbage 
variety which is resistant against the diamondback moth. This insect is currently causing big 
losses in cabbage cultivation in India, and the CIMBAA consortium hopes to address this 
problem by engineering Bt insect resistance into a cabbage variety. The case study touches 
upon several dimensions and aspects of making genetic technology appropriate for resource 
poor farmers, including the technical design of the gene construct that is used, the structuring 
role of intellectual property in the consortium, and the scope of stakeholder involvement in 
this project. The case is taken as a main illustration of how extensive efforts to reach resource 
poor farmers remain within the limits of an already existing industrial production system, in 
which the role of an external seed supplier is legitimized and consolidated. The innovation 
process in this case is characterised by its treatment of farmers as recipients of technology, 
and by their indirect representation in the project, rather than by their direct involvement.

Chapter 5 presents a set of initiatives of the International Potato Centre in Peru (CIP). The 
Peruvian Andes are the centre of origin of potato, and traditional potato production is 
characterised by the use of a wide diversity of landraces. The use of modern improved potato 
varieties may boost productivity for farmers, but is feared to lead to the replacement of 
these native potato varieties, which are an important resource of genetic diversity for future 
plant breeding, as well as an important private resource for Andean potato farmers. For this 
reason, CIP is experimenting with participatory breeding programmes, the repatriation of 
native potato varieties, and the marketing of traditional potato varieties. These initiatives are 
argued to challenge the common bias in agricultural modernisation towards a narrowing 
genetic base, and the specialization on a very limited number of crop varieties. In addition, 
the centre is experimenting with virus resistance kits, which may significantly slow down 
the degradation of potatoes because of virus infestation. The combination of improved virus 
resistance of potatoes, diagnostic techniques and improved virus management practices 
may allow farmers to sustainably produce their own seed potatoes, providing them with a 
reasonable alternative to commercially available seed potatoes. The case study highlights how 
the technological interventions by CIP are capable of challenging (at least on a conceptual level) 
ongoing trends towards an industrialisation of potato production, and empowering farmers 
in their own on-farm seed potato production. Finally, the case represents an example of how 
farmers can be involved in agricultural development as co-innovators with specific valuable 
and complementary knowledge and expertise.

Chapter 6 presents the work of the CGIAR Generation Challenge Programme (GCP), which 
is committed to the use of upstream comparative genomics research for the development of 
drought resistance traits in crops of interest to resource poor farmers. A main difference with 
the other two case studies is that the outputs of this research project are so upstream that 
an evaluation of their social meaning in a concrete production system is not meaningful. By 
consequence, the case study focuses on how the GCP aims to link upstream genomics research 
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to concrete development objectives in developing world agriculture. The chapter evaluates 
the priority setting exercise conducted by GCP and the operationalization of an innovation 
chain perspective, aimed at making sure that the outputs of GCP research are actually taken 
up by downstream research partners. The chapter discusses some of the potential difficulties 
in this approach and explores the potential for complementary innovation systems in order 
to meaningfully link upstream science-led genomics research and downstream bottom-up 
breeding programmes. This exploration address the various partnerships of the generation 
challenge programme, as well as the Genotyping Support Service (GSS) as a specific technical 
interface between upstream genomics research and downstream variety development. The GSS 
is a very accessible service which allows the outsourcing of molecular analyses for a variety of 
projects. This initiative is taken as a potentially very interesting approach to agro-technological 
development that shifts focus from the development of a technical solution, to the provision 
of a technical service. As such, the case is a clear example of treating local research partners 
and farmers as co-innovators in agricultural development.

The burden of Chapter 7 is to bring together the analyses of the three case studies and to 
evaluate how the different projects have practically operationalized the objective to develop 
‘appropriate technology’ for the agricultural development of resource poor farmers. This 
leads to an extensive discussion on the different dimensions in which appropriateness 
of technological innovation is interpreted and reconsidered, and to the formulation of a 
contemporary understanding of what appropriateness means in practice. The multi-
dimensional understanding of appropriateness that emerges from this analysis is taken as 
an argument for ‘reflexive biotechnology development’ as an approach to agro-technological 
innovation. The chapter further reflects upon the extent to which the material design of the 
various genetic technologies in the case studies is related to specific structures of production or 
innovation systems, and the extent to which the use of genetic technologies in plant breeding 
necessarily leads to an externalization of the innovation process. Some practical implications 
of the study for contemporary innovation policy are discussed and new questions for future 
research are formulated.
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“It is … the posture of the constructivist paradigm that there is no single ‘real’ 
reality, but only multiple realities constructed by human beings.”

(Guba and Lincoln 1989, p. 64)

“Reality is what we choose not to question at the moment”
(John Dewey, quoted in Becker (1993, p. 219))

Motivation and objectives of the study

As has become clear from the introductory chapter, the research presented in this thesis engages 
with debates on reflexive development and appropriate technology, but aims to deepen these 
debates by reflecting upon the relationship between contemporary technology development 
projects, and a wider context of agricultural modernisation and industrialisation. As has been 
discussed in Chapter 1, there are various dimensions in which to consider ‘appropriateness’. 
Moreover, the discussion on how both the Green Revolution and the Gene Revolution are 
influenced by wider socio-political trends and interests, has made clear that appropriateness 
can only be understood in reference to a wider socio-political and historical context. All in all, 
this illustrates that an apparently simple question of how to make technological development 
responsive to local needs and circumstances, is in fact a very complex and layered question. 
It requires a reconsideration of what can make technology ‘appropriate’, for what kind of 
development and for whom. For this reason, the research presented in this thesis will have 
to transcend a merely technical approach to ‘appropriateness’, and instead ask whether also 
a reconstruction of social relations of production and innovation are possible within current 
projects of pro-poor agro-biotechnology development. It will reflect upon the way in which 
genetic technologies are co-evolving with a specific perspective on agricultural modernity, 
and the various roles that scientists, breeders and farmers play in that future.

In summary, this research is motivated by the concern that agro-technological development 
may be focused on taking local priorities and conditions as starting point, but that it hardly 
reflects on how social relations in agricultural innovation and production are changing as part 
of the development process. Concretely, and as further discussed in Chapter 3, this primarily 
concerns the legitimacy of the ongoing externalization of innovation as part of agricultural 
development. As such, it relates to the question whether farmers and other stakeholders are 
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primarily conceptualized as recipients of technology, or as co-innovators in the innovation 
process. The aim of this thesis then is to bring this level of questioning technologies for 
agricultural development to the surface, and to discuss how in different projects of agro-
technological development the notion of ‘appropriate development’ is operationalized in order 
to contribute meaningfully to agricultural development for resource poor farmers.

Research questions

Concretely, the above translates into the following main research questions, which will be 
leading in the analysis of three case studies that will be elaborated in this thesis. The first is 
the most general, and allows for a concrete entry point for the analysis of case studies:

How do contemporary projects of pro-poor agricultural biotechnology development 
operationalize their pro-poor focus, and what criteria are – implicitly and 
explicitly – taken on board in that consideration?

This general research question is made more specific by the following research question, which 
emphatically focuses on the social relations of production and innovation. This second research 
question clearly moves the focus beyond an instrumental analysis of pro-poor technologies, 
and their ‘appropriateness’ for resource poor farmers:

How are farmers conceptualized as end-users in the operationalization of 
appropriateness, and what does that mean for their involvement in the innovation 
process and for their position in the future production process?

These main research questions provide a general entry point for the case study analysis in the 
upcoming chapters. More specifically, they invoke the following five ‘study questions’ that 
allow a direct investigation of the three cases presented in this thesis.
1. What is the background of the project? Why was it set up and what are its main objectives?
2. What kind of technology is being developed and applied to reach the project’s goals? How 

is that technology adapted and modified to fit the specific project goals and the context 
in which it has to operate? Which criteria are followed in order to make the technology 
appropriate?

3. In what other ways is the project making an effort to reach its objectives? What dilemmas 
does it encounter and how does it solve those dilemmas?

4. What efforts are being made to involve farmers and other end users or stakeholders in the 
process of technology development? What image of these stakeholders is constructed in 
order to grant them a more or less important role in the project?

5. What kind of agricultural production system is implicitly and explicitly supported by the 
project? What are the different social roles and responsibilities in that production system 
for farmers and technology developers?
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Together, these research questions provide a tool to critically investigate contemporary projects 
of pro-poor biotechnology development, linking the concrete interpretation of what constitutes 
‘appropriate technology’ to a wider trend of how social relations in agricultural development 
are changing.

Approach – explorative qualitative research

The study proposes an investigation of different ways of operationalizing the notion of 
‘appropriateness’ of technologies in practice. Moreover, this analysis is supposed to shed 
light on both explicit and implicit criteria, assumptions and considerations that are taken 
on board in the development of ‘appropriate’ genetic technologies. Rather than a superficial 
inventory of the formal considerations for technological design, this requires a detailed 
view and analysis of concrete projects, their history, rationale, considerations and technical 
outputs. Moreover, the research questions that are being asked inquire into the nature of 
the process of agro-technological innovation, and hence require a qualitative analysis – 
rather than a quantitative analysis – of different contemporary projects of pro-poor agro-
biotechnology development. In order to achieve such an analysis, the study of a select number 
of cases of pro-poor biotechnology development is considered to be a suitable research 
methodology (Yin 2003). The careful analysis and deconstruction of the criteria they apply 
in technology development will provide insight in the various ways in which ‘appropriate 
pro-poor technology’ is operationalized.

While the case study is adopted as the primary research methodology, these case studies do 
require an embedding in a wider context, as well as a theoretical framework in order to allow 
for a sharp and insightful analysis. For this reason, the research has started with an extensive 
literature review in order to obtain insight in the contemporary and historical context of 
agricultural development and plant breeding. This literature study allowed for the positioning 
of the case studies against a wider background and for a perspective on the long term trends 
in agricultural innovation. The findings of this literature review have constituted the basis of 
the introductory chapter of this thesis, and are further elaborated and discussed in Chapter 
3. In addition, the literature study has contributed to the development and refinement of a 
conceptual framework. This conceptual framework is also further explicated in Chapter 3, 
and is crucial for the specific case study analysis that has been undertaken. Especially the 
strong relationship between technological design and social structures that is discussed and 
questioned in the conceptual framework has informed the questions for the case studies, as 
well as their analysis.

Case study selection

Three case studies – elaborated in Chapters 4 to 6 – constitute the empirical heart of the 
research presented in this thesis. They include (1) a study of a public private consortium in India 
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that develops transgenic insect resistant cabbages for Indian vegetable farmers, (2) a study of 
various initiatives of the International Potato Centre in Peru, and (3) a study of the Generation 
Challenge Programme that invests in genomics research into drought tolerance. Figure 2.1 
provides a quick overview of these three cases. Much more extensive case descriptions are 
provided in Chapters 4 to 6 as introductions to the individual case studies.

The case studies were deliberately chosen to represent different institutional settings. In 
selecting such different settings, two criteria for categorizing different projects immediately 
come to the fore: their nature of funding (public or private), and their relative position in the 

Public Public - Private 

�eme: 
Comparative genomics for drought tolerant 
crops.  
(CGIAR’s Generation Challenge Programme) 

Institutional context: 
Publicly funded international research 
programme 

Main challenges: 
How to design an impact strategy for 
upstream genomics research, while being 
open for bottom-up priority setting? 
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tr
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�eme:  
Potato breeding in the Andes (International 
Potato Centre, Peru) 

Institutional context: 
Publicly funded international research institute 

Main challenges: 
How to provide useful new varieties without 
jeopardizing crop genetic diversity in the 
centre of origin of potato? 
How to link formal wi
systems? 

Integration of Upstream-downstream 
phases within one project 

�eme:  
Transgenic cabbages for resource poor 
farmers (CIMBAA Consortium, India) 

Institutional context: 
Consortium with one private seed company 
and various public sector institutes 

Main challenges: 
How to balance private seed company’s 
interest with the wish
seed/technology for resource poor farmers? 
How to legitimize the use of transgenic 
technology for resource poor farmers? 

Figure 2.1. Overview of the case studies. The analysis of these three case studies covers different 
types of projects in terms of their funding, as well as in terms of their phase in the upstream-
downstream continuum of innovation. The grey numbers printed in the background of the table 
above indicate the order in which the case studies are presented and discussed in this thesis.
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process of innovation (upstream or downstream). The three case studies chosen represent 
public and private perspectives, as well as upstream and downstream phases in development 
process. These criteria are further elaborated in the following two sections.

Source of funding as criterion for selection

The public or private source of funding was mentioned as a first criterion to select different 
case studies. This public private dichotomy is not an absolute criterion, since sources of 
funding for many pro-poor biotechnology projects are diverse and come from both public 
and private sources. In fact, rather than the sources of funding being relevant themselves, 
they serve as an indicator for the interests underlying the project. The crucial difference 
here is between projects that are primarily public in nature and have a merely humanitarian 
focus, and projects with a substantial amount of private funding and an element of (future) 
commercial development.

In the field of international agricultural development, the CGIAR still is one of the major public 
sector protagonists, doing breeding work and agricultural research in 15 centres worldwide, 
and with a clear pro-poor focus. The CGIAR receives funding from an international donor 
community that consists of both governments and private funding organisations. While this 
donor community lays down some requirements in terms of demonstrated impact of the funded 
research, the CGIAR does not have any commercial objectives in its technological development 
work. The only stake the different institutes have is ‘staying in business’, by making sure that their 
contribution to international agricultural development has an impact, and is considered to be 
legitimate by its donor community. In terms of case study selection, projects from the CGIAR 
are considered to be representative of a public-sector approach to agricultural development 
in which the technology developer has no significant future stake in the production process. 
Concretely, the CGIAR’s Generation Challenge Programme and the International Potato Centre 
are selected as case studies representing the public sector perspective.

In order to contrast public sector case studies, it would be interesting to study an entirely 
private sector project as well. However, projects that are entirely owned and funded by private 
sector companies, and aim at resource poor farmers in developing countries are rare. Although 
developing countries are increasingly recognized as potential growth markets, seed- and 
biotechnology companies primarily focus on the commercial segment of such markets, and 
the relatively rich farmers. The development of seeds or genetic technologies for resource poor 
farmers is generally not considered to be remunerative for a private sector company alone.

Having said that, there is an increasing attention for public private partnerships in the area 
of pro-poor biotechnology development. In such partnerships, the presence of public money 
and support may make investing in seed and technology for resource poor farmers interesting 
for seed companies. In addition to a public interest in supporting such projects, participating 
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companies may have a commercial interest in securing future seed sales, or in providing a 
proof-of-concept for their seed technologies in difficult environments. For public sector 
research institutes and universities, such public private partnerships can be valuable because 
of the expertise of a private sector company, or because the partnership grants the project 
access to proprietary technologies of the company that would otherwise be hard to use. In 
terms of case study selection, this means that purely private projects are not taken on board in 
this research, but that a public private partnership has been selected as a counter perspective 
to the public CGIAR cases: the CIMBAA consortium in India.

Upstream-downstream as criterion for selection

Next to the nature of funding, the relative position of projects in the process of innovation is 
another important criterion to categorize different types of projects. An important distinction 
can be made between ‘downstream’ projects that are engaged in the very concrete development 
of new crop varieties, and in ‘upstream’ projects of genomics or biotechnology development 
that do not have an immediate relevance for farmers, but can provide important inputs for 
downstream breeding programmes. Like in the public private dichotomy, this distinction 
between upstream and downstream is by no means absolute. Some projects aimed at the 
development of a concrete new crop variety may also involve upstream genetic research, which 
directly leads into a new crop variety. Especially in the case of the development of transgenic 
crops, an implosion of the upstream-downstream continuum can be observed, and a single 
project may require the integration of both types of research and development. Still, in general 
terms, the nature of research, the institutional context, and interactions with other stakeholders 
can be markedly different for upstream and downstream projects. While upstream projects 
can generally afford to be more isolated and science-led, projects of downstream variety 
development are generally characterised by a much more intense interaction with farmers, 
regulatory bodies, and civil society in general.

Final considerations for case study selection

These have been the most important selection criteria for the three case studies presented in 
this thesis. In addition, the selected case studies were considered to be especially interesting 
because of specific challenges that the projects were dealing with. Challenges for a project may 
for example arise out of conflicting requirements of funding bodies, out of public controversy 
over new technologies, or out of different interests of organisations within a consortium. Next 
to making these case studies simply more interesting, such challenges within studied projects 
provide an analytical advantage. A clear vision on a common objective can provide a way out of 
dilemmas or tensions within a project. For this reason, the way projects or organisations deal 
with challenges in their work provides an excellent entry point to study both their explicit as 
well as their implicit goals and objectives, and the background reasoning which makes their 
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work legitimate and worthwhile. It uncovers what arguments and considerations are most 
important for a project, and what kind of considerations are treated as ‘irrational’ or ‘irrelevant’.

Finally, some more pragmatic considerations have played a role in the case study selection 
for this study. Key requirements for the case studies included an explicit focus on agricultural 
development for resource poor farmers in developing countries, and the use of genetics for 
the development of new crop varieties or any other agricultural input for those farmers. 
Based upon these criteria, and apart from the cases selected for this study, a wider range 
of CGIAR projects might have been selected that would have been representative of public 
sector research. Similarly, a wider range of public private partnerships could have been 
chosen from, like for example the ongoing ABSP II projects.21 A decisive reason for the 
selection of the CIMBAA project (rather than another public private partnership) as a case 
study in the context of public private partnerships was the accessibility to the project and its 
stakeholders. In comparison to other public private partnerships contacted, it was relatively 
open to investigation by the researcher which provided an essential precondition for a rich 
case study description and analysis.

In the context of publicly funded research projects, the Generation Challenge Programme is 
rather unique in its research focus on upstream genomics research with a clear downstream 
development objective. In that sense, although other public sector research programmes 
exist, this characteristic made the programme particularly attractive as case study. Finally, 
the CIP case study was selected from a wider range of potential public sector case studies 
because of the expectation that the work with small scale farmers in the Andes, in the centre 
of origin of potato and with many issues related to the potential loss of biodiversity would 
create interesting challenges for the research institute, perhaps inviting novel and creative 
approaches to making sure its work is ‘appropriate’ for its intended beneficiaries. At the 
same time, other projects or institutes could have been selected for similar reasons. The CIP 
case study is regarded to be generally representative for a wider range of public sector plant 
breeding initiatives, although the case study in Chapter 5 will extensively focus on the specific 
and unique factors that shape the work of this institute in Peru.

Data collection – a technographic approach

As has become clear from the methodological approach elaborated in the previous sections, 
the concrete empirical work for this thesis is to analyse and deconstruct the stories of how 
specific technological projects have been setup and how they are responding to their own 

21 ABSP stands for ‘Agricultural Biotechnology Support Project’, and is a Cornell University hosted 
project with various sub-projects that involve both local public sector partners as well as private sector 
partners. The project is essentially aimed at the transfer of biotechnology from the private sector to 
public sector partners. See http://www.absp2.cornell.edu/ (last accessed 15 December 2008) for more 
information about this program.
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project goals and the context in which they have to operate. This invites a research approach 
that is akin to ethnography, but with a specific focus on technological systems and the social 
actors involved in those systems. Concretely, a methodological approach that is useful in that 
respect is ‘technography’. Steve Woolgar (1996, p. 89) describes technography as “the social-
scientific study of technical settings”. He argues that technography adopts certain features of 
the ‘ethnographic’ method in that it observes and describes social behaviour in a particular 
setting. Importantly, the ethnographic method emphasises the need to resist taking for granted 
the various categories and characterizations used by the people being observed, such as the 
distinctions made between ‘producer’, ‘consumer’ and ‘user’. He argues that in line with the 
ethnographic method, “a main focus of technography is to determine how these distinctions are 
created and sustained, as well as determining what effect they have on design and development” 
(ibid.). Concrete and recent examples of technographic studies are provided by Zannou (2006) 
and Kassiwike (2008), who for example described this approach as “an attempt to map the 
actors, processes and client groups in such a way that the analyst can see beyond the technology 
itself, to the problems technological applications are supposed to solve and to understand what 
parties and interests are being mobilised in arriving at solutions” (Kassawike 2008, p. 22-23).22

These general objectives of the technographic approach invite data collection from a very 
wide range of resources, which may include interviews, informal conversations, and the 
study of a wide range of policy documents, websites and other media. All these resources 
may contribute important information to the researchers understanding of the technological 
project, and the way in which various ‘parties and interests are being mobilised’ in order to 
arrive at solutions, or more in general to provide the project with legitimacy. However, one of 
the important assumptions underlying the data collection for this research is that the setup 
and development of a project of technology development is not unambiguous. As Guba and 
Lincoln (1989, p. 64) put it: “It is … the posture of the constructivist paradigm that there is no 
single ‘real’ reality, but only multiple realities constructed by human beings.” By implication, it 
is anticipated in this research that instead of a single ‘formal history’ of a project, in practice 
a range of parallel and possibly competing versions exist of how a project is setup, what its 
rationale for existence is, how it interacts in practice with various stakeholders, and to what 
extent it is delivering useful outputs that allow the project to reach its goals. In fact, as will 
become clearer from the case studies presented in Chapters 4 to 6, the projects studied and 
the technology developed cannot be seen in isolation from a wider discourse on agricultural 
development, and specific debates on the use of transgenic crops, the loss of biodiversity and 
the industrialisation of agriculture. This implies that the representation of what a project is, 
and how ‘well’ it is doing is almost by definition contested terrain, and should be considered 
against the wider context in which a project is working, as well as against the individual and 
institutional interests that may be at stake.

22 Both Zanou and Kissawike refer to unpublished notes and papers by Paul Richards on which they 
base their outline of the technographic approach.
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These considerations and assumptions have their implications for the process of data 
collection in this research, and especially for the validity of this research and its findings. 
Most importantly, they highlight the importance of selecting interview respondents and other 
sources for data collection that will allow a diverse perspective on the project under study, 
and that will allow triangulation of the research findings. Concretely, this has led to a process 
of selection of interview respondents that included representatives from the projects from 
different levels in the organisation. Both project managers, as well as employees on ‘lower’ levels 
of management and execution of the project were interviewed. Similarly, both stakeholders 
with a scientific perspective, as well as research managers have been interviewed, representing 
entirely different perspectives on the dynamics within each of the projects. In addition, next to 
respondents from the projects under study, respondents have been selected that had a more 
distanced view on the project. These respondents included people that no longer are part of 
the project under study, that work for other similar projects, or even that work for NGOs that 
are highly critical about the specific project under study. These different respondents provided 
a very rich resource of perspectives on the projects histories, their rationales and the degree 
to which they are reaching their own internal goals, and may be meeting expectations that 
other stakeholders have with respect to these projects. The same applies to the various policy 
documents, newsletters, websites, and other documents that have served as an input for the 
technographic research underlying the three case studies.

Finally, considering the somewhat contested nature of the projects studied in this research, 
and the potentially conflicting viewpoints from both within the project organisations, as well 
as from outsiders, all respondents have been interviewed on the condition of anonymity. This 
may restrict the transparency of the research design by preventing the publication of a list of 
interview respondents, but it has encouraged respondents to speak freely about their views 
and experiences with the projects studied. This is considered to have increased the quality of 
the case studies to an extent that legitimizes the anonymity of the interviewed respondents.

Research planning

The 4 year research project has been divided in a number of phases, allowing for a more general 
orientation of the research and the development of a conceptual framework at the beginning, 
and the consecutive execution of the three main case studies. Concretely, the following phases 
and activities can be distinguished:

As becomes clear from Table 2.1, the data collection for the case studies has primarily relied 
on semi-structured interviews with key stakeholders and a wide range of informants for 
the different case studies. Transcripts of these interviews were sent back to interviewed 
stakeholders for approbation. In addition a wide range of written documents, policy papers 
and websites have been collected and have served as inputs for the different case studies. 
Finally, visits to the different institutes coordinating these projects have been conducted, in 
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Table 2.1. Main research phases and research activities.

Phase Period Main activities

1 November 2004 – 
April 2006

Literature review on agricultural development in a contemporary and 
historical perspective

Literature review on theories of technology
Development of a conceptual framework informing the empirical 

approach
Development of a research design
Explorative 1 month stay in India in December 2005 to obtain familiarity 

with biotechnology innovation in a development context, and the 
practical operationalization of participatory methodologies in the 
context of agricultural innovation

Series of 7 semi-structured interviews with informants in Indian 
agricultural and biotechnology development, mainly in New Delhi and 
Hyderabad

Series of 28 semi-structured interviews and informal conversations with 
informants in the Dutch plant biotechnology and development sector.

2 May 2006 – 
March 2007

Preparation, execution and analysis of CIMBAA case study (Chapter 4)
One month stay in India in December 2006 for a series of 29 interviews 

with Indian stakeholders from the CIMBAA project, as well as 
representatives from other organisations in the sector of agricultural 
development; mainly in New Delhi and Hyderabad

3 April 2007 – 
September 2007

Preparation, execution and analysis of CIP case study (Chapter 5)
One month stay in Peru in June 2007 for a series of 26 interviews with 

representatives from CIP and other Peruvian organisations in the 
sector of agricultural development; mainly in Lima and Huancayo.

4 October 2007 – 
March 2008

Preparation, execution and analysis of GCP case study (Chapter 6)
One week visit to Mexico for a series of 6 interviews with stakeholders 

from the Generation Challenge Programme1

5 April 2008 – 
November 2008

Analysis and comparison of the main case studies and development of 
the findings into a PhD thesis

1 The rather limited number of interviews conducted for the GCP case study, in comparison to the 
other two case studies is explained by the much more focused research questions underlying this 
case study, by the availability of a great number of highly informative policy documents providing a 
very rich source of information, and by the generally more upstream nature of this project, limiting 
the number of other stakeholders that are directly involved in this project or opinionated regarding 
its work.
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order to get an insight in the institutional context in which these projects are carried out and 
to increase the validity of the obtained research data.

Validity of the study

Although the study presented in this thesis is an explorative one, it should keep an eye on 
the validity of its findings. Various types of validity are commonly described in the context of 
applied sociological research. According to Bickman et al. (1998), these include:
•	 Internal validity: the extent to which causal conclusions can be draw from research findings.
•	 External validity: the extent to which it is possible to generalize from the data and context 

of the research study to broader populations and settings.
•	 Construct validity: the extent to which the constructs in the conceptual framework are 

successfully operationalized in the study.
•	 Statistical conclusion validity: the extent to which the study has used appropriate design 

and statistical methods to enable it to detect the effects that are present.

In addition, Bickman et al. (1998) note that the relative emphasis on these types of validity 
may vary, depending on the type of study. For an explorative descriptive study such as this 
one, they suggest emphasis to be placed on external and construct validity.

Statistical conclusion validity has limited relevance in the context of this study considering 
the qualitative and exploratory nature of the study and the objective to present illustrative 
examples of contemporary understanding of ‘appropriateness’ in technology development 
projects. This means that the statistical foundation for quantitative research findings is of 
little relevance. Having said that, the study does aim to maximize its (statistical) conclusion 
validity by adopting an appropriate research method based upon thick and rich case study 
descriptions, allowing the researcher to detect and describe the phenomena of interest.

Internal validity is considered to be of limited relevance as well, in the context of descriptive 
studies (Bickman et al. 1998). Rather than providing strong arguments for causal relationships 
underlying the observed phenomena, the description of the phenomena as such is of 
importance. Having said that, the study does focus strongly on the context in which these 
phenomena emerge, and what potential relations could be between this context and the 
observed phenomena. Moreover, the selection of very different interview respondents (as 
described in the section on data collection), and the visits to project sites allow for triangulation 
of research findings, and prevents a bias towards the ‘formal version’ of a project history. These 
elements have been employed to maximize the internal validity of this research.

External validity is of importance for descriptive studies that aim to contribute to the wider 
understanding of a given phenomenon, based upon the study of a specific subset of the 
population under study. Given the exploratory nature of this research, and the ambition to bring 
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to the surface different ways of dealing with ‘appropriateness’ in a technology development 
project, the external validity is limited. The specific interest in case studies that represent 
different approaches to agro-technological development implies that they do not necessarily 
provide an average sample of contemporary pro-poor biotechnology development or plant 
breeding. For the same reason, not all activities of the programmes and institutes studied are 
given equal attention in the case study descriptions. Instead, some interesting initiatives and 
aspects of these case studies will be brought to the fore, illustrating different ways in which 
biotechnology and plant breeding can be made ‘appropriate’ for resource poor farmers in 
different contexts. The concrete implication of the methodological approach taken is that 
this picture cannot be extended to make statements regarding the general state of affairs 
in contemporary pro-poor biotechnology development, or the pervasiveness of trends of 
modernisation or industrialisation. In fact, any research which is based upon case study 
material should be modest in making sweeping conclusions regarding historical trends of 
industrialisation or modernisation of agro-technological development. However, the approach 
adopted in this thesis will allow the research to explore the characteristics of a limited set 
of examples and to distil conceptual lessons from these examples regarding the different 
dimensions in which technological projects can be made more or less appropriate for resource 
poor farmers and their problems in agricultural production. As such, in spite of its limitations 
in terms of external validity, the chosen methodology does fit the goals of this research.

Finally, the construct validity of this research, related to the operationalization (or measurement) 
of the constructs in the conceptual framework is of upmost importance for this study. This 
kind of validity deals with the coherence between observed phenomena and the conceptual 
conclusions that are drawn from these observations. As such, the degree of construct validity 
of any research is strongly dependent upon the formulation of a clear conceptual framework, 
and the qualitatively good execution of interviews and other means of data collection. For 
this study, construct validity has been maximized by the careful formulation of research 
questions that operationalize the objectives of this research. Moreover, Chapter 3 presents 
a discussion of the conceptual backgrounds of this study, and provides a detailed discussion 
of the key concepts that underpin the case study analysis in Chapters 4 to 6. Finally, care has 
been taken to adopt appropriate interview techniques and coding techniques for the analysis 
of the research data that prevent a distorted or biased collection or interpretation of research 
data. Interview reports were analysed by theoretical coding (Flick 2006) based upon a set 
of sensitizing concepts (Bowen 2006)23 derived from the literature review and conceptual 

23 Bowen (2006) discusses the use of sensitizing concepts in the context of Grounded Theory as research 
methodology (Glaser and Strauss 1967), and argues that they are generally used by sociologists as 
interpretative devices and as a starting point for a qualitative study. Moreover, he quotes Blumer (1954, 
p. 7) in saying that they give “the user a general sense of reference and guidance in approaching empirical 
instances. Whereas definitive concepts provide prescriptions of what to see, sensitizing concepts merely 
suggest directions along which to look”



Reflexive biotechnology development  57

 Research design

discussions presented in Chapter 3, and which further evolved based upon the key concepts 
emerging from the interview transcripts.

Concluding remarks

A methodology is only as good as its coherence with the research objective and the research 
questions asked. The aim of this study as formulated at the beginning of this chapter is clearly 
explorative. This is reflected by the research questions asked, by the case study selection and 
by the approach to data collection here described. Implicitly, the research design is influenced 
by a working hypothesis that the operationalization of ‘appropriate technology development’ is 
not straightforward, and that different projects, in different contexts, with different institutional 
settings and rationales find different ways of legitimizing their work, and in positioning their 
contribution to agricultural development vis-à-vis other actors involved in this innovation 
process. In order to bring such a diversity to the surface, and to get an idea of the dimensions 
in which approaches vary, an explorative research design is required. As has been discussed in 
the previous section, such a research design does raise questions and introduces limitations in 
terms of external validity of the study. Nonetheless, it is considered to be the most appropriate 
way of bringing an expected diversity and creativity in approaches of different projects to the 
surface. The kind of argument that a study like this can make will not be in terms of generalizing 
its findings to all other contemporary projects of agro-technology development. Instead, the 
case study findings can support an argument regarding the differences in approaches observed, 
their relationship with a wider context, and the repercussions for development policy if these 
approaches invite new ways of executing or funding the process of innovation.
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Biotechnologies and the transformation of agricultural 
production systems

“Unable to effectively represent the profusion and complexity of real farms and 
real fields, high-modernist agriculture has often succeeded in radically simplifying 
those farms and fields so they can be more directly apprehended, controlled, and 
managed.”

(Scott 1998, p. 262)

“… the commodity form is an underlying and constitutive regularity which shapes 
and limits the particular forms taken by the episodic and often chaotic expressions 
of a developing capitalism. To extend the reach of the commodity form is to 
extend the reach of capitalism. No matter how immense it may already be, the 
very essence of capitalism is the enlargement of the collection of commodities by 
which we are already surrounded”

(Kloppenburg 2004, p. 315)

“…some products, such as seeds, can no longer be considered as being just material 
goods. They create primarily new social relations.”

(Ruivenkamp 2005, p. 14)

Introduction – Historical trends in agricultural modernisation and 
industrialisation 24

Agricultural development does not take place in a historical vacuum. Instead, it takes place 
against the context of pervasive historical trends and ideologies in terms of how food production 
is being organised, and what the role of agricultural producers in that system of production 
is. The comparison of the historical and socio-political backgrounds of the Green Revolution 
and the Gene Revolution in the introductory chapter already indicated that the context in 

24 This chapter builds upon conceptual explorations that have been published in an earlier phase as: 
Vroom, W., G. Ruivenkamp and J. Jongerden (2007). ‘Articulating Alternatives: Biotechnology and 
genomics development within a critical constructivist framework’. Graduate Journal of Social Science 
4: 11-33 
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which agricultural technologies develop has changed, and that this has repercussions for the 
underlying motivations of technology development and agricultural research. Ignoring such 
wider historical contexts would imply a risk of making an analysis of contemporary agro-
technology development naïve and short-sighted. Therefore, this chapter will delve into some 
of the literature on such historical trends and ideologies in agro-technological development, 
and will thereby provide a background against which specific case studies in consecutive 
chapters can be studied.

This chapter distinguishes between two major sources in literature that provide a background for 
contemporary agro-technological development. The first is related to the notion of agricultural 
modernisation and a concern that it has been biased towards a rather homogeneous model of 
modern agricultural production. As argued in the introductory chapter, a specific Eurocentric 
modernisation philosophy was present as undercurrent during the Green Revolution, 
dictating a specific transformation of third world agriculture into modern and industrialized 
agriculture. While current international agricultural modernisation may be less determined by 
a converging image of the future of agriculture, this background still raises questions regarding 
the dynamics in contemporary modernisation processes. Most importantly, a tension arises 
between modernisation as an imposed condition, prescribing a necessary transformation 
from ‘old-fashioned’ production models to modern production systems, and – on the other 
hand – a more open-ended approach to modernisation that tries to connect more carefully 
with traditional farming and seed production systems, and aims at a hybridization of modern 
and traditional farming styles.

Secondly, next to a specific modernisation ideology, this chapter will elaborate on the crucial 
role of the private sector in contemporary agricultural development. As suggested in the 
introductory chapter (in reference to Govindan Parayil and others), the agro-food system is 
not committed to producing sufficient good-quality food alone, it is also organised to serve 
the commercial interests of a limited set of seed and biotechnology companies, and food 
manufacturers. The dynamics of an extending capitalist system into agriculture is an important 
background trend to elaborate, in order to better understand and appreciate current projects 
of agricultural development, and the way they relate to this trend. As a corollary to this trend, 
the emergence and extension of a global system for intellectual property protection will be 
discussed, as well as initiatives to challenge it.

There is a third element, which is necessary to link the discussion on wider trends in agricultural 
development, to contemporary cases of agro-biotechnology development for resource poor 
farmers. That element is the link between a specific type of modernity, and technological 
design. The last part of this chapter will provide a discussion of how technologies are thought 
to be linked to wider social norms and ideas about modernity through their material design. 
This will provide an entry point to discuss the cases in the following chapters, with a critical 
perspective on agricultural modernity.
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Agricultural modernisation – From an imposed condition to an open-
ended approach

It is tempting and attractive to see agricultural development as a process in which resource 
poor farmers in developing countries are engaged in the development of technological means 
to improve their production, increase their income, and improve their livelihoods in a variety 
of ways because of the improved economic basis under their existence. Development as 
freedom, so to say (Sen 1999). However, while such optimistic visions certainly circulate in 
the mainstream discourse on agricultural development, a wide range of scholars has painted 
an entirely different picture of the dynamics that have characterised processes of agricultural 
development and modernisation in the past. Rather than a liberating affair in which new 
agricultural technologies provided an emancipatory potential for the most poor to improve 
their lives, agricultural development has been unmasked as a sometimes destructive affair 
in which a wide diversity of local approaches to agricultural production was replaced by an 
externally imposed, homogeneous model of agricultural production. Sometimes, this model 
of externally planned agricultural modernisation has been associated with the interests of 
foreign governments, multinational companies, or ambitious and short-sighted agronomists. 
However, more in general an ideology of a planned and globally converging agricultural 
modernity – regardless of direct commercial or political interests – has been mentioned as 
a structuring force in much agricultural development.

The understanding of the Green Revolution as related to geopolitical interests during the 
Cold War, and aiming to reduce the spread of communism in the Third World – as described 
in Chapter 1 – was a first example of such an analysis. Rather than taking the diversity in 
agricultural production systems as a starting point, and empowering the poorest farmers with 
new technologies and methodologies, the project was committed to the widespread adoption 
of a relatively homogeneous model of agricultural production, in order to increase national 
food production levels. It cannot be denied that this approach has been successful in terms of 
raising productivity in many places in which the Green Revolution was rolled out. However, 
it is time to shift focus and to question whether a more diversified approach to agricultural 
development is possible, and how the emancipatory function of agricultural technologies 
for resource poor farmers can be taken as a starting point. This would arguably be a more 
appropriate approach to reach the areas where the Green Revolution so far has failed to have 
a positive impact on productivity and economic growth.

Other scholars on agricultural modernisation

In order to widen the perspective on agricultural modernisation, it is helpful to review the 
work of a number of scholars who share a concern over the nature of agricultural modernity, 
and the way in which policy makers and technologists have advocated a homogeneous picture 
of agricultural development.
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For example, Jan Douwe van der Ploeg has criticized the role of governmental expert systems 
in recent and contemporary processes of Dutch and European agricultural modernisation. He 
argues that policy makers have created an image of a ‘virtual farmer’ which features in their 
policy documents, but which only represents a very limited fraction of all farmers and their 
practices (Van der Ploeg [1999] 2003). Van der Ploeg has noticed how very different ‘farming 
styles’ can exist next to one another, and how different farmers (with different characters and 
inclinations) can find very different solutions to socio-economic conditions of production. 
Van der Ploeg calls farmers that have found a successful mode of production different from 
the dominant model ‘black swans’, and claims that in practice they remain largely invisible to 
policy makers (ibid.). In conclusion to his analysis, he argues that agricultural development 
should be an ‘endogenous process’ in which different solutions as part of different farming 
styles can play a role and be exchanged among farmers (See e.g. Van der Ploeg and Long 
1994). In addition, in his more recent book ‘The New Peasantries’, he specifically explores the 
ongoing significance of peasant modes of production in the face of international agricultural 
modernisation. He defines the peasant condition as “the ongoing struggle for autonomy and 
progress in a context characterised by multiple patterns of dependency and associated processes 
of exploitation and marginalization” (Van der Ploeg 2008, p. xiv). In summary, he believes in 
the creative potential of farmers themselves, and warns for an overly restrictive modernisation 
policy, which may wipe out any alternative solution to the dominant perspective.

James Scott also rises concern about the simplification typical of high-modernist scientific 
agriculture (Scott 1998). He elaborates how agriculture has always been about the simplification 
of natural processes, but reached a peak in 20th century agriculture which was strongly 
dominated by mechanisation. He quotes Jack Kloppenburg in saying that “genetic variability is 
the enemy of mechanization” (Kloppenburg 1988, p. 177; quoted in Scott 1998, p. 267). This led 
to the breeding of crop varieties that were highly adapted to mechanical harvesting, through 
their plant morphology, and uniform fruit size. Not only has this led to rather ridiculous 
situations in which the uniformity of e.g. tomatoes and their suitability for mechanised 
harvesting was considered more important than their taste or nutritional value. It also led 
to agricultural production systems that (according to Scott) are genetically so uniform that 
they have become extremely vulnerable to disease and pests, and hence the need for blanket 
pesticide applications to protect crops from such ‘biotic stress factors’.

While Scott acknowledges that this model of agricultural modernisation has been successful in 
the industrializing West, he argues that it has been highly inappropriate for much agricultural 
production in the developing world. Scott argues that the model of American agricultural 
modernism was actively exported during the middle of the 20th century. It was strongly committed 
to the superior technical efficiency of large-scale farms, the importance of mechanisation to 
save labour, the superiority of monocropping and hybrids over polycropping and landraces, 
and the advantages of high-input agriculture, including fertilizers and pesticides. However, 
in spite of lavish credit subsidies and strong administrative backing, these projects – aimed 
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at scale increase and homogenization of agricultural production – generally failed (see also 
Johnson and Ruttan 1994). In Scott’s view, each failure may have had its own peculiarities, but in 
general, he argues that the level of abstraction at which these projects were conceived was fatal, 
rendering them blind to the complexity of agricultural production in tropical circumstances.

He contrasts this model of monocropping and genetic uniformity with the polycropping 
approach which is for example widespread in Africa. He argues that this model better protects 
the thin fertile soil against erosion than monocropping systems, and is better adapted to deal 
with the variable timing of rains in tropical climates. Moreover, it functions as a risk avoiding 
system, since different crops that are cultivated at the same time perform better under different 
circumstances, and provide food at different times during the year. In addition, the genetic 
diversity in such polycropping systems makes them less vulnerable to diseases and pests. 
However, as Scott argues, from a high-modernist point of view, this type of agriculture simply 
looks disorderly. As he puts it: “The high-modernist aesthetic and ideology of most colonial 
agronomists and their Western-trained successors foreclosed a dispassionate examination 
of local cultivation practices, which were regarded as deplorable customs for which modern, 
scientific farming was the corrective.” (Scott 1998, p. 279) Moreover, standardized external 
agricultural advice fitted badly with the unavoidable variation by farm and fields which 
“requires a more open-ended approach, with, in all probability, farmers doing much of the 
necessary experimentation for themselves” (Richards 1985, p. 61; quoted in Scott 1998, p. 284). 
In other words, agricultural development strongly focused on the import of a homogeneous 
model of farming, and was relatively blind to the advantages of already existing polycropping 
systems, and the sophistication of the knowledge and experience of local farmers.

So, while Van der Ploeg focused on the way in which agricultural policy supported a uniform 
image of agricultural production and modernisation, Scott translates this to technical systems 
and infrastructures, and notes how for example the Green Revolution has been an example of 
a ‘simplification’ of agricultural production that made sense from the perspective of an external 
observer, but had very little connection with the reality and value of diverse agricultural 
production systems in developing countries. Again, development did not start with a thorough 
analysis of the existing situation and the emancipatory potential of new technologies. Instead, 
it rolled out a homogeneous picture of high-modernist production.

A third example of how agricultural modernisation raises questions regarding its relationship 
with existing production systems relates to the development of seed systems. A seed system 
can be defined as “all the elements of seed provision that interact as a system, including for 
example genetic resource management and crop improvement, multiplication and diffusion/
marketing” (Louwaars 2007, p. 149). Niels Louwaars has elaborated how many developing 
country governments have developed seed policies and regulation to guide the further 
evolution of the seed sector in their countries. Louwaars argues that these policies were 
highly influenced by a seed system development paradigm that was published by Douglas in 
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1980, and which laid down a linear approach for the transformation of current informal seed 
system into what would be a modern, sustainable, commercial seed system (Douglas 1980). 
This approach for seed system development largely ignored the value and intricacies of already 
existing informal (or farmers’) seed systems. In response, Louwaars argued that informal seed 
systems still have a crucial role to play in the seed provision for many resource poor farmers in 
developing countries. He therefore developed an alternative framework for the development 
of seed systems, focused on the integration of formal and informal seed systems, rather than 
on the replacement of informal farmers’ seed systems by formal seed systems. In practice, 
such an integrated ‘diversified seed system’ would depend on a range of interactions between 
formal- and informal seed systems, on the level of the collection and management of genetic 
resources, (participatory) plant breeding, seed multiplication and marketing. On each of 
these levels, formal- and informal seed systems have different, and potentially complementary 
assets and capabilities, that – according to Louwaars – can be used optimally when combined 
(Louwaars 1994; Louwaars and Almekinders 2002; Louwaars 2007).

Implications: limits to the validity of modernisation

What these scholars have in common is that they focus on the transformative nature of 
agricultural modernisation, and raise the concern that this process has little consideration for 
the values of traditional cropping systems, has little consideration for diversity in production 
systems and potential solutions to problems of productivity, and has little concern for the 
role of farmers/peasants themselves in this transformation process. Instead, agricultural 
modernisation is to an important extent presented as an imposed condition rather than a 
liberating one, and – secondly – as a process that is destructive of traditional production styles 
and seed systems, instead of linking up with them and making use of the already available 
local knowledge and experience. In referring to similar trends, Joost Jongerden has argued 
that in the course of 20th century agricultural modernisation, traditional ‘peasants’ were 
transformed into modern, entrepreneurial ‘farmers’ (Jongerden 2008). He too notes how this 
process was hardly about the combination of useful elements of new scientific knowledge and 
local experience, but rather about the replacement of one production model by another. To 
him, this type of agricultural modernisation is a process of ‘creative destruction’, in which “The 
destruction of the peasantry was productive in the sense that it was contingent on the creation 
of a new class of farmers. In other words, the death of the peasantry is associated to the birth 
of the farmer, a modern entrepreneur, integrated into agro-industrial chains and producing 
primarily for market consumption.” (Jongerden 2008, p. 125)25

25 Multiple sources are mentioned for the notion of creative destruction, but it is clear that it was popularized 
by Joseph Shumpeter when he used the term in 1942 to describe a process of transformation that involved 
radical innovation. He considered it to be “the essential fact about capitalism. It is what capitalism consist 
in and what every capitalist concern has got to live in”(Shumpeter [1942] 1975, p. 84). Jongerden also refers 
to Walter Benjamin, who described modernity as “inconceivable without its destructive, cathartic side: 
the liquidation of the value of tradition” in his ‘Work of art in the age of reproducibility’, which was first 
published in 1936 (Benjamin 2003, p. 254; quoted in Jongerden 2008, p. 125).
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Such an understanding of agricultural development raises concern. James Scott argues that 
the simplification of high-modernist schemes to improve the human condition commonly 
fails, because it fails to take into account the complexities and variability of real life production 
systems. Niels Louwaars argued that a formal, commercialized seed system may have its 
value for some farmers, but that it fails to take into account that many resource poor farmers 
do not obtain their seed from formal sources, and hence are relying upon informal seed 
systems. Here too, formalization has its limits. And Jan Douwe van der Ploeg argued that 
agricultural policies are increasingly concerned with a virtual farmer that does not exist. He 
urges policy makers to take diversity in farming styles seriously and to take it as starting point 
for the making of agricultural policy. Finally, Joost Jongerden draws attention to the fact that 
agricultural modernisation has had very destructive effects on farmer communities which were 
supposed to modernize or disappear. So, while a uniform picture of farming and agricultural 
modernisation is capable of increasing productivity for some farmers, it does reach the limits 
of its validity in the situations described by these authors.

This provides an important background for the case study analysis in this thesis. It brings into 
focus the way in which agricultural development is able to link up with existing production 
styles and seed systems, and how it is managing to bring the perspectives and interests of 
local stakeholders on board in the process of development.

Industrialisation of agriculture – Issues of control in the Third Agro-Food 
order

As Govindan Parayil argued in Chapter 1, the dynamics of the Gene Revolution are to an 
important extent determined by the interests of private sector companies, that see new 
crop varieties not primarily as a way to alleviate hunger and poverty, but as a way to enter 
new markets and to maximize shareholder profits (Parayil 2003). This understanding of the 
current agro-food system is confirmed by Pistorius and Van Wijk who have described three 
main agro-food orders that are characterised by a different division of labour between the 
public and private sector, by different regulatory frameworks protecting innovations, and by 
different dominant crop development policies (Pistorius and Van Wijk 1999) (Table 3.1). In 
their categorization, the Third Agro-Food Order started in the 1980s and is characterised by 
an increasing importance of genetic technologies in plant breeding, decreasing government 
funding of plant research, and an increasingly important role of the private sector in plant 
breeding. In addition, Pistorius and Van Wijk distinguish between a set of three rival agricultural 
production strategies: market-led agro-industrialisation, state-led agro-industrialisation and 
a third strategy directed to non-industrial, farmer-oriented agricultural production (Pistorius 
and Van Wijk 1999, p. 20). These agricultural production strategies are no more than ideal 
types, but provide an illustrative framework to discuss different approaches to agricultural 
development around the world, and through the years.
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A crucial question that emerges is why different agricultural production strategies emerge in 
different countries and different historical epochs. Pistorius and Van Wijk argue that there 
is an important relationship between the preferred agricultural production strategy, and the 
agro-food order that a specific country is in (see also Table 3.1). In summary, they argue that 
state-led industrialisation of agriculture was the dominant agricultural production strategy 
during the second agro-food order, ranging approximately from the 1930s to the 1980s. Market 
led industrialisation of agriculture would become dominant in the third agro-food order, 
starting in the 1980s. Remarkably, the non-industrial farmer-oriented agricultural production 
strategy has not been a dominant agricultural production strategy in any of the agro-food 
orders. However, Pistorius and Van Wijk argue that it has become a relevant strategy with the 
introduction of the Green Revolution, when in developing countries a large part of the rural 
population was marginalized, since particularly the peasantry could not be incorporated in 
the process of agro-industrialisation.

This section will address both the changing division of labour in the current agro-food order 
as part of an industrialisation of agriculture, as well as the accordingly changing regulatory 

Table 3.1. Crop development policies in three historical Agro-Food Orders. (Adapted from 
Pistorius and Van Wijk (1999), p. 24. ).

Agro-food 
order

International division of 
labour in agriculture

Dominant agricultural 
production strategy

Aim and features 
of dominant crop 
development policy

First: 
1870s-1930s

Settler states, notably 
USA, export grain to feed 
urban labour in European 
metropolises

Initial state intervention 
to support national 
temperate agricultural 
sector in industrial core 
countries

Improving 
ompetitiveness of 
national temperate 
agricultural sector

Second: 
1930s-1980s

North America and Europe 
become food exporters. 
Developing countries 
emerge on world markets 
as importers of temperate 
cereals

State-led industrialisation 
of agriculture

(Exported to and adopted 
by developing countries 
in ‘Green Revolution’)

Rise of productivity in 
staple crops

Third: 1980s- OECD countries strengthen 
position as major food 
exporters. Developing 
countries obtain niches in 
world market

Market-led 
industrialisation of 
agriculture

Rapid adaptation of 
plant qualities to 
diverse and changing 
world markets
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structures surrounding it. First, the main organizing principles of the process of agro-
industrialisation will be discussed. This is relevant, since the capital accumulation process 
within the context of the agro-food system is generally recognized as being different from 
non-food systems. James Kirwan notes three main reasons: first because it is dependant upon 
an inflexible land base, secondly because it is heavily dependent upon organic properties 
throughout the linkages from production to consumption, and thirdly because the demand for 
food is relatively inelastic, particularly in Western Economies (Whatmore 1995; Kirwan 2003). 
The result of these constraints is that capital has traditionally sought to reduce the impact of 
‘nature’ through the application of science and technology, and secondly to maintain market 
growth through adding value to agricultural products outside the immediate production-
consumption cycle. Already in 1987, Goodman et al. have described how this is achieved 
through mechanisms of appropriationism and substitutionism, which serve as organizing 
principles of agricultural industrialisation (Goodman et al. 1987).

Appropriationism

Appropriationism refers to a process in which elements of farming practice are gradually taken 
over by external institutions, are transformed into industrial activities and then re-incorporated 
into agriculture as inputs. This process for example describes the externalization of seed 
breeding and multiplication. While traditionally farmers have been the key protagonists in 
varietal management and experimental breeding, this element of agricultural production has 
increasingly been taken over by specialized seed breeding companies. Good quality seed was 
transformed from an on-farm product into an agricultural input to be obtained externally. 
Similarly, soil fertility management and pest insect management have been externalized by 
the introduction of chemical fertilizers and pesticides. Integral elements of farming practice 
have been ‘appropriated’ and transformed into industrial inputs.

Appropriationism is an important tool in minimizing the impact of ‘nature’ on agricultural 
production systems by industrializing its different components. In fact, appropriationism is 
argued to be an act of disconnecting agricultural production from its natural environment, 
allowing a standardization of agricultural production (Ruivenkamp 1989, 2003a). This leads to 
discussions over the sustainability of agricultural production. First of all, the standardization 
of agricultural production, and the reduction of the number of cultivated varieties to a limited 
number of commercially available varieties has been argued to have led to a strong erosion 
in agricultural biodiversity. While the precise effects of the narrowing of the genetic base 
under agricultural production are not entirely clear or uncontested (see e.g. Brush 1992; 
Smale 1997), a too narrow range of genetic variety is feared to make agricultural production 
systems vulnerable to newly emerging diseases and pests. In addition, the disconnection 
between agricultural production and the natural environment is argued to be a reason for the 
unsustainability of the current conventional production methods. The chemical control of soil 
fertility and pest infestation is leading to the pollution of the natural environment (Pretty 2002).
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Next to the questions regarding sustainability of agricultural production, raised by 
appropriation, the process has important consequences for the social roles and responsibilities 
in agricultural innovation and production. It is argued to effectively lead to a deskilling 
of farmers and an increased dependence upon external institutions (Ruivenkamp 2003a). 
The latter is beautifully illustrated by the seminal study of the political economy of plant 
biotechnology by Jack Kloppenburg (Kloppenburg 1988), and more specifically his study of 
the development of hybrid maize in the United States. Kloppenburg described that, like other 
cereals, maize was conventionally grown by farmers by replanting a portion of their harvest. 
This way, maize had a dual function as both grain for consumption and marketing, and seed 
for the next growing season. This changed with the introduction of hybrid seeds. Hybrids are 
derived from a cross with two genetically homozygous parental lines, and may benefit from 
‘heterosis’, or hybrid vigour, that occurs when different parents produce strongly heterozygous 
hybrid offspring. Heterosis is claimed to significantly increase yields as compared to non-
hybrid varieties.26 Essential for the marketing of hybrid seed is that the generation that is 
marketed is genetically heterozygous. Although technically fertile, these hybrids create a strong 
segregation of agronomically valuable traits in a next generation, rendering their offspring 
much less attractive for commercial cultivation. In practice, this has meant that farmers are 
strongly encouraged to buy new seed every year, instead of reusing their farm saved seed for 
several years like they have done traditionally.

Importantly, the industrial appropriation of elements of agricultural production goes hand in 
hand with questions of control. Like mentioned before, it is about minimizing the impact of 
‘nature’ on agricultural production. Yet at the same time, it is an important tool in creating a 
production system in which the supplier of agricultural inputs is an essential element in the 
production process. The case of hybrid maize seed clearly illustrates this, since hybrids not 
only increased yields, they also fundamentally changed the agricultural production chain, and 
firmly embedded public or private external seed suppliers in the line of production.

Taking this argument one step further, Ruivenkamp has argued that appropriationism also 
opens the door for a far-reaching influence of the seed supplier on the agricultural production 
system. Next to the annual replacement of seed, this may for example have an influence on 
other kinds of industrial inputs that are being used. The clearest and most famous example 
of this is the combined development by Monsanto of the herbicide Roundup®, and Roundup 
Ready® crop varieties with a transgenic resistance to this herbicide. Selling the seed to farmers 

26 This notion that hybrids are responsible for yield increases may be generally accepted, it is strongly 
challenged by Kloppenburg who argued that the development of alternatives such as open-pollinated 
varieties was largely abandoned, and therefore does not provide a fair comparison (Kloppenburg [1988] 
2004, p. 92ff).
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introduced a strong inclination to buy the herbicide as well (Dutfield 2003).27 More subtly, 
assumptions regarding and preferences for specific farming systems are introduced by breeding 
crop varieties that are suitable for mechanised harvesting, that are specifically evaluated for 
a monocropping farming systems, or that have short stems and little leafy material, creating 
a product with little added value for use as animal fodder, or as construction material. In 
other words, a whole range of assumptions regarding the farming system appears to be 
embedded in the breeding of specific crop varieties, leading Ruivenkamp to argue that seeds 
are ‘politicising products’ that have a crucial structuring function in the development of 
agriculture (Ruivenkamp 2005). The last sections of this chapter will further delve into the 
question how – and to what extent – a technological artefact can have a structuring role in 
the context of application.

Substitutionism

Next to appropriationism, Goodman et al. described substitutionism as a second organizing 
principle in the industrialisation of agriculture (Goodman et al. 1987). Substitutionism refers 
to the process in which agricultural products are reduced to an industrial input, allowing their 
interchangeability and even their replacement by artificial, non-agricultural components in 
food manufacturing. In practice this means for example that different agricultural products 
(sugar cane, sugar beet) can serve as sources of ‘carbohydrates’, regardless of the precise 
origin of these components. And in a subsequent stage, such natural sources of sugar can 
altogether be replaced by synthetic sweeteners like aspartame (see also Ruivenkamp 1986). 
The replacement of milk by vegetable fats in the production of margarine as alternative to 
butter is another well known example (Goodman et al. 1987).

For substitutionism, the rise of enzyme technology has been very important in the 
transformation of agricultural products into a limited set of basic ingredients for the food 
industry, allowing their interchangeability. An important example has been the use of the 
glucose isomerase enzyme for the transformation of glucose, derived from corn starch, to high 
fructose corn syrups (HFCS). This low-calorie sweetener emerged as an alternative to sugar 
from sugar beet or sugar cane, and has become very popular in the food industry (notably 
the soft drink industry). Goodman et al. (1987) note that the competitiveness of the HFCS 
industry depended crucially on the genetic improvement of glucoamylase enzymes in order 
to produce HFCS with approximately 42% fructose content. By providing the technical means 
to produce HFCS with these characteristics, enzyme technology had a crucial restructuring 
effect on the global sugar production and trade, strongly reducing the sugar imports of the 

27 This example of Roundup Ready crops is merely illustrative for a mechanism in which the seed 
represents a crucial strategic value. In the case of Roundup Ready crops, it is questionable whether this 
strategy will work in the long run as the production of the Roundup pesticide is no longer protected 
by patents, and farmers might as well buy a similar herbicide from another company (Dutfield 2003).
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United States, and placing sugar cane production the Phillipines in a tight spot (Goodman 
et al. 1987; Hobbelink 1991).

Substitution of agricultural products by their reduction to mere agro-industrial inputs, 
essentially requires a disconnection between the agricultural product and its inherent 
nutritional and culinary value (Ruivenkamp 1989, 2003a). Moreover, it denotes a strong 
disconnection between consumer and producer, since the agricultural or geographic origin 
of a final food product is no longer visible, nor relevant. While this is an interesting trend 
for a globalized food industry, it has raised some questions regarding transparency and 
traceability of food stuffs throughout the food chain (Opara 2003). The emergence of a number 
of ‘alternative strategies’ in food production, focused on the local production of high quality 
food, and on transparency in the production chain, indicate that consumers are increasingly 
concerned about the current disconnection between their food and its agricultural origins. 
Moreover, it is becoming clearer that the supply of high quality food in the richer parts of 
the world can go hand in hand with hunger and poverty in the places where this food was 
originally produced. This kind of contradiction in the current agro-food system has led to 
increasing interest in regional food production and consumption, and fair trade policies 
aimed at re-establishing a connection between consumers and producers, thereby making 
consumers aware of the production conditions in which their food was cultivated (Kirwan 
2003; Levidow 2008).

Importantly, the reduction of agricultural products to industrial inputs and their 
interchangeability means that agricultural production can be connected to entirely different 
industries, other than food production. This element of substitutionism is instrumental in the 
adding of value to agricultural products, outside of the immediate production-consumption 
cycle, which was mentioned as one of the strategies allowing capitalist accumulation of value 
in agriculture. The most obvious example is the recent use of agricultural products as sources 
of carbohydrates and oils as inputs for the emerging biofuels industry. Here, the importance of 
enzyme technology once more comes to the fore, since cellulase enzymes can play a key role 
in the production of bio-ethanol from agricultural waste products (leaf and stem material) 
(Lin and Tanaka 2006).

This use of agricultural products for different industries (and notably the biofuel industry) 
can provide opportunities for farmers, since it potentially opens up new markets. At the same 
time, it introduces a competition over agricultural products for food and fuel, which is feared 
to have strong correlations with fluctuating and growing food prices. For example, in 2007 
world corn prices reached a peak, and it is generally assumed that this was in part caused by 
the increased interest in corn as source for bio-ethanol. This meant that prices of corn as food 
product became prohibitively high for consumers in Mexico (Ford Runge and Senauer 2007). 
Whether this effect can be completely blamed on the dual use of corn for both food and fuel 
remains open to question. Moreover, there might be ways of using biomass as a fuel, without 
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creating a fierce competition over agricultural products between food and fuel.28 Nonetheless, 
it is clear that biotechnology mediated processes of substitution and interchangeability can 
have important restructuring effects on the international production and trade of agricultural 
products, and on the strong position of food and fuel manufacturing companies that benefit 
the most from the interchangeability of their inputs for industrial production.

Relevance for agricultural development

The key argument of Goodman et al. (1987) was that agricultural industrialisation was 
characterised by these two organizing principles: appropriationism and substitutionism. These 
processes are essentially about the distribution of power and commercial benefits in the agro-
production system.29 They may be legitimized by seemingly objective and technical advances in 
production technology, but they also bring about a social reorganisation of the agro-industrial 
production chain (Ruivenkamp 1989, 2005). That is not to say that these processes are inherently 
bad or inappropriate for developing countries. In fact, a certain degree of industrialisation and 
commercialization of agriculture may be a good way of increasing national food production in 
some countries. As Reardon and Barrett (2000) write, it is very difficult to precisely evaluate 
the welfare impacts of a process like agro-industrialisation. While benefits of industrialisation 
may be differentiated and of most direct interest to medium- and large scale farmers, economic 
growth may contribute to increased rural employment and the availability of food for lower 
prices, increasing real wages, and contributing to progressive growth.

But the discussion of appropriationism and substitutionism does raise the question whether 
other dynamics in agricultural development are possible, and whether they may counteract 
the trends of homogenization and externalization in agricultural production that are typical 
for the industrialisation of agriculture. Is contemporary agricultural development for resource 
poor farmers dominated by the here presented model of agricultural industrialisation, or 
can a wider diversity in approaches be witnessed? Do such projects not only consider the 
appropriateness of technical solutions in technical terms, but also in terms of the different roles 
of seed suppliers, farmers, and food manufacturing companies in the agricultural innovation 
and production system? And if so, how is that translated into the technologies that these 
projects develop? These are the questions that will be taken on board in the case study analysis 
in Chapters 4 to 6.

28 For example through the use of agricultural waste products, or through the use of crops that do not 
compete with food production, like Jatropha. These approaches to the production of biofuels is generally 
indicated as ‘second generation’ biofuels.
29 In reference to this issue of the distribution of power, Ruivenkamp speaks of an increasing ‘control from 
a distance’ by life science companies and research institutes, over agricultural production (Ruivenkamp 
2003a).
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Intellectual property – The crucial importance of ownership

A corollary to the industrialisation of agriculture and the increasingly important role of the 
private sector in the production of agricultural inputs, is the development of a global system 
for intellectual property (IP) that protects the investments in R&D by these companies. Jack 
Kloppenburg already noted how “Capital has pursued two distinct but intersecting routes to 
the commodification of the seed. One route is technical in nature and the other social. […] The 
seed can be rendered a commodity by legislative fiat as well as technical force.” (Kloppenburg 
[1988] 2004, p. 11) Kloppenburg here refers to (1) the development of hybrid corn varieties, 
turning seed that was previously freely exchanged into a commodity; and (2) to the passage of 
new legislation on the protection of breeders’ rights, prohibiting the multiplication of seed by 
others than the official breeder who is holding the ownership to a specific plant variety. This 
section will delve into the second route of the commodification of seed as industrial input.

The extension of the intellectual property system

A wide range of scholars has described how the protection of intellectual property in 
biotechnology and plant breeding has undergone important changes over the last three decades 
(Falcon and Fowler 2002; Brush 2003; Dutfield 2003; Gepts 2004; Adi 2006). From a situation 
– pre World War II – in which much of the basic and applied seed technology for agriculture 
originated as public goods from the public sector, the involvement of the private sector has 
become increasingly important and has to an important extent been determining the political 
economy in plant breeding (Kloppenburg 1988). This involvement of the private sector in plant 
breeding has been accompanied by the rise of an increasingly strict intellectual property regime, 
which was both required by, and stimulated the privatization of the seed business.

Since the late 1960s, the investments of plant breeders in new varieties have been protected 
by Plant Variety Protection (PVP), which first emerged in the US, and has since been 
internationally established in several UPOV conventions in the past decades (Le Buanec 
2004).30 The requirement for this type of protection is that plant varieties be sufficiently 
‘distinct, uniform and stable’, and it grants the breeder the right to exclusive commercialization 
for a period of 17 years. However, there is nothing in PVPs (or Plant Breeders Rights, PBRs) 
that stops others from using the same material for further crosses (commonly known as the 
‘breeders’ exemption’), or stops farmers from saving, exchanging and replanting their own 
produced seed (commonly known as ‘farmers’ rights’).31

30 UPOV is a French acronym for “Union pour la Protection des Obtentions Végétales”; in English: The 
International Union for the Protection of New Varieties of Plants.
31 It should be noted that the UPOV convention has been revised a number of times. The most recent 
1991 revision of UPOV has restricted the farmers’ privilege by limiting the commercial multiplication 
and sale of farm saved seed, although some controversy remains of the exact extent of the limits that 
have been put on farmers’ to re-use their own generated seed. Compare e.g. Adi (2006, p. 104) with 
Smolders (2005, p. 4), or Dutfield (2003, p. 189).
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At this time, the patent system – which has more recently been causing so much debate in 
biotechnology – had little relevance in the context of agriculture. Plant patents have existed in 
the US since 1930, but only provided protection for clonally propagated crops (such as roses or 
apples) and were therefore not widely applied to agricultural crops, nor was the plant-patent 
system extended widely beyond the US (Dutfield 2003, p. 181-184; Le Buanec 2004, p. 2-3). 
This changed with the emergence of more strict systems of intellectual property protection 
starting from the beginning of the 1980s, notably with the 1980 Diamond vs. Chakrabarty 
case in which the US Supreme Court ruled that a living micro-organism, constructed by 
gene-transfer technology was patentable (Chiarolla 2006, p. 32). This opened the door to a 
trend among biotechnology companies to maximise their number of biotechnology patents, 
as rapidly as possible (Falcon and Fowler 2002). This has resulted in the intellectual property 
protection of genes, traits, molecular constructs and transformation procedures; so called 
enabling-technologies.

This change in patent law implied an important extension of the patent system into the domain 
of the emerging life sciences. In addition, the use of patents has increasingly permeated into 
the domain of protection of plant varieties. This can occur for a number of reasons, but most 
importantly when a ‘non-biological’ process is claimed for the production of a plant variety32, 
or when a patented DNA sequence has been introduced into a plant variety in which it 
functions (Chiarolla 2006, p. 33).

In addition to an extension of the patent system into the domain of biologicals and plant 
varieties, various scholars have indicated a geographical extension of the patent system 
(Dutfield 2003; Gepts 2004; Kloppenburg 2004; Koo et al. 2004). Both patents and plant variety 
rights have geographic boundaries: they need to be filed in a specific country to be valid. If a 
technology is protected in the US or Europe, this does not restrict the use of this technology in 
India, as long as the patent is not also filed in that country. Similarly, Plant Variety Protection 
is only valid in countries that are UPOV members and have installed legislation which enforces 
UPOV-like plant breeders rights. However, a global harmonization of IP rights is taking place 
under the influence of the agreement on Trade Related Aspects of Intellectual Property Rights 
(TRIPS) (Dutfield 2003, p. 191-192; Gepts 2004). Concretely, TRIPS has a specific clause in 
Article 27(3)b on the protection of plant varieties providing an option to exclude them from 
patent protection if the country provides for ‘an effective sui generis system’.33 It is generally 
acknowledged that UPOV would constitute such a ‘sui generis’ system (Louwaars 2007, p. 96). 
This means that TRIPS effectively stimulates the global adoption of Plant Variety Protection 
for plant varieties, and the global adoption of patent law for other biological innovations.

32 This could for example refer to the use of molecular selection methods in plant breeding. See Jansen 
(1997) for an example of such a patent claim.
33 Sui generis means ‘of its own kind’, and in practice refers to a system tailored to the specific needs of 
a country with respect to the specific category of plant variety rights.
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The changing intellectual property landscape in biotechnology is generally considered to have 
had profound consequences for the structure of the biotechnology and seed breeding sector, 
and vice versa. For example, Pistorius and Van Wijk have described the rise of utility patents 
in plant breeding, in response to a number of historical developments in the sector. These 
included the increasing private investment in crop development from the 1980s onwards 
(meaning there was more economic value to protect), an increasing number of competitors 
in crop development and the involvement of chemical and pharmaceutical corporations in 
plant breeding, and an increasing number of collaborative linkages, requiring a more precise 
demarcation of property rights (Pistorius and Van Wijk 1999, p. 137-138). In addition, Le 
Buanec mentions how the patent system was attractive for biotechnology companies in order 
to restrict the possibility for competing companies to use newly released varieties (which is 
possible under Plant Variety Protection through the breeders’ exemption), and to limit the use 
of farm-saved seed (i.e. the farmers’ right) (Le Buanec 2004, p. 2-3).

At the same time, the growing potential for intellectual property protection in the Life Sciences 
is argued to have had an important influence on the structure of the biotech industry, and 
have led to a strong wave of investments in, and acquisition of biotech start-up companies 
(Falcon and Fowler 2002). In other words, it is not just the private sector that called for a 
stricter intellectual property protection, it is also the changing legal environment which 
allowed the private sector to become so dominant in the Life Sciences. In the 1990s this led 
to a dynamic in which large multinational life science corporations began to buy up small 
biotech firms and seed business at a very rapid pace, fundamentally changing the structure 
of the entire sector. The main outcome of this round of reshuffling was a major concentration 
of the biotech and seed sector, with a very strong position of only a handful of very large life 
science corporations. Graham Dutfield describes how this led to the emergence of a type 
of integrated business enterprise called the ‘Life Science Corporation’, which are often so 
large that they hold dominant positions in two or more industrial fields that were previously 
considered to be completely separate. (Dutfield 2003, p. 147).

Challenging the trend towards a limited access to technologies and new varieties

The increasingly strict protection of genetic (enabling) technologies as well as biological 
material (improved varieties, parental lines) is not without problems or controversies. 
Both science in general and plant breeding in particular have historically been activities 
that depended upon the exchange of new ideas and material, increasing the overall level 
of innovation. With the contemporary sometimes clogged patent landscapes, it becomes 
increasingly difficult for both private sector companies, as well as public sector institutes to 
find the necessary ‘freedom to operate’ (FTO) to do the research they find relevant, and more 
importantly: to commercialize new findings. A research exemption is often easily negotiated, 
but the commercialization down the line may be troublesome.
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This problem with gaining freedom to operate both exists for private sector companies, as 
well as for public sector research institutes. However, an important difference is that big 
multinational life science corporations generally have a much stronger ability to negotiate 
their way to intellectual property (IP) owned by another company, either by paying for a 
licence, by the mutual exchange of licences to patented technologies, or by simply acquiring 
a company with essential IP. In contrast, for public sector institutes these ways of accessing 
proprietary technologies are generally prohibitively expensive or simply impossible. This 
is especially raising concerns with respect to the freedom to operate of research institutes 
that are developing biotechnologies and new plant varieties in or for developing countries 
(Atkinson et al. 2003; Adi 2006).

In response, initiatives for humanitarian use licences have been setup, according to the 
idea that companies may develop, protect and commercialize certain technologies in 
developed countries, but can make these technologies freely accessibly or available at low 
cost for developing countries, in which no substantial commercial market for the proprietary 
technology exists anyway (Brewster et al. 2005) (see Box 3.1 for an example). Next to indicating 
that such technologies have limited commercial value in less developed countries, such 
initiatives capitalize upon the potential profit in public relations that may arise for generous 
companies. One of the important limitations to the concept of humanitarian licences is the 
transaction costs involved in finding out who relevant patent holders are, and by negotiating the 
terms of accessing the protected technology. This can in part be solved by adopting standard 
protocols for accessing a wide range of technologies along a range of institutions. This solution 
has for example been materialized in the consortium agreement of the Generation Challenge 
Programme, in which any company or institute joining the research funded by this programme 
is automatically making newly developed technologies available under a humanitarian licence 
(Louwaars 2007, p. 129).34

As an alternative to humanitarian licences, patent pools can be created. The ‘Public sector 
Intellectual Property Resource for Agriculture’ initiative (PIPRA) is an example of such an 
attempt to pool currently highly fragmented public sector IP in order to create some freedom 
to operate for the not-for-profit sector to develop pro-poor biotechnologies and crop varieties 
(Atkinson et al. 2003). Their argument is that although public sector institutes (universities) 
have contributed very significantly to biotechnology development, and (together) even own 
a large part of all intellectual property on plant biotechnology, their IP is so fragmented 
across many organisations that no single organisation can use it to create adequate freedom 
to operate in developing and commercializing biotechnologies for resource poor farmers 
(Graff et al. 2003).

34 See http://www.generationcp.org/ (last accessed 17 September 2008) or Chapter 6 for more information 
about the Generation Challenge Programme.
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In addition, there is a number of ‘clearing house’ constructions, or technology brokering 
organisations that aim to make proprietary technology available for developing world 
agriculture, often by arranging public private partnerships. Such organisations include the 
International Service for the Acquisition of Agri-biotech Applications (ISAAA), and the 
African Agricultural Technology Foundation (AATF). Also, the USAID sponsored Agricultural 
Biotechnology Support Projects (ABSP) are essentially aimed at striking public private 

Box 3.1. Humanitarian licences: the case of Golden Rice™.

The most widely quoted example of how humanitarian use licences can provide access to 
proprietary technology is the case of ‘Golden Rice’. The widespread vitamin A deficiency 
in Africa and South-East Asia provided a motive to develop a rice variety which would 
contain high levels of beta-carotene, or pro-vitamin A. Swiss researchers Ingo Portrykus and 
Peter Beyer managed to develop such a rice variety with the help of transgenic technology, 
transforming the plant with genes from daffodil and a soil bacterium Erwinia uredovora 
(Ye et al. 2000). The production of beta-carotene resulted in yellow-orange rice grains, 
hence the name ‘Golden Rice’. However, much of the technology they needed to develop 
this beta-carotene producing rice was owned by universities and biotechnology companies. 
In fact, some 70 intellectual property rights from 32 different institutes and companies 
applied, although the extent to which these patents are actually blocking the development 
and commercialization differs depending on the country of release (Kryder et al. 2000). 
The gaining of access to all these proprietary elements seemed like a daunting and near-
impossible task, and for that reason the ownership of the project was transferred to the 
multinational seed and biotechnology company Syngenta. This company was able to negotiate 
humanitarian licences to all crucial elements of the technology. Six key-patent holders were 
approached1, and an agreement was reached that allowed Potrykus to grant licences, free of 
charge, to developing countries, with the right to sub-license (Verbeure et al. 2006). Because 
of this result, the Golden Rice case is widely mentioned as an example of a successful way 
of dealing with ‘patent thickets’ (the combination of a large number of patents that apply 
on a technology). At the same time, the expected positive publicity of this model project is 
expected to have played a role in the willingness of patent holders to grant humanitarian 
licences. This means that the case may not be entirely representative as an example of how 
easy it is to negotiate humanitarian licences on proprietary technologies.

1 These six key patent holders included Syngenta, Bayer, Monsanto, Orynova BV, and Zeneca Mogen 
BV, according to http://www.goldenrice.org/Content2-How/how9_IP.html (last accessed 17 September 
2008).
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partnerships between biotechnology companies and public sector institutes in a wide range 
of countries, in order to facilitate the transfer of biotechnologies.35

Finally, initiatives to experiment with open-source biotechnology have been set up, allowing a 
greatly facilitated access to currently protected enabling technologies. The idea of open-source 
innovation and protection has its background in the development of open-source software 
and has been highly successful in the development of the Linux operating system, and in the 
building of the Wikipedia online encyclopaedia. It primarily relies on a dynamic in which a 
great number of small voluntary contributions result in a common resource for all. Cambia is 
an organisation that has most prominently advanced the notion of open-source biotechnology 
development. It attempts to develop a protected commons of enabling technologies that allow 
a ‘work-around’ for existing (but patented) key technologies, allowing players in developing 
countries to cheaply use and commercialize new products using these open source technologies 
(Herrera 2005; Jefferson 2006).36

Summarizing, there is a number of initiatives that try to create the freedom to operate 
necessary to develop and commercialize modern biotechnology, especially for developing 
countries. What these initiatives have in common is that they work from outside the corporate 
sphere to increase freedom to operate, by facilitating access to protected technologies, or by 
creating pools of public sector IP which at least makes the space not occupied by corporate 
IP much easier to navigate and to use. What these initiatives do not do is to question the 
technologies themselves, or their appropriateness for developing world agriculture. The basic 
argument here is that access to (enabling) technologies is a first precondition to start talking 
about how to develop concrete technologies for resource poor farmers. Once technologies 
are freely available to a wider range of research institutions or companies, the doors are open 
to a more contextualized and tailored process of technological design. Whether and to what 
extent that requires a profound adaptation of the technologies themselves is an important 
question for the upcoming sections and the case studies in later chapters.

The background provided in this section is of specific relevance to the case study presented 
in Chapter 4. While there are no indications for a direct relationship between the ownership 
structure of a new technology and its technical design, the protection of biotechnologies can 
have important implications for the choices that are being made in terms of what technology 
is being developed, and in terms of what partners are chosen to collaborate with. Especially 
in the context of making agro-biotechnologies available for resource poor farmers, it becomes 

35 See http://www.isaaa.org/, http://www.aatf-africa.org/, or http://www.absp2.cornell.edu/ for more 
information about these initiatives. (All websites last accessed on 17 September 2008).
36 See Hope (2004), Hughes (2005), or Deibel (2006) for a discussion of ‘open-source’ in biotechnology. 
See also: http://www.cambia.org for more information about Cambia’s open-source strategy (last accessed 
17 September 2008).
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crucial who owns certain essential pieces of (enabling) technology, who is capable and willing 
to negotiate licences, and what partners may be attracted for a specific project in order to 
unlock potentially useful technology for resource poor farmers. These aspects will return in the 
case study discussed in Chapter 4, which will present the work of a public private consortium 
and will address the extent to which intellectual property plays a role in structuring the 
institutional setup of the consortium. The cases presented in Chapter 5 and 6 primarily take 
place in a public sector context, and – as will become clear – in those cases the intellectual 
property framework plays no major role in the analysis.

Recapitulation

The previous sections have elaborated a number of historical trends that provide an important 
backdrop for the analysis of specific case studies in the following chapters. The first section 
focused on a specific approach to agricultural modernisation, which was characterised by a 
creative destructive nature, and was highly externally planned. Interestingly, the discussion 
on the modernisation of agriculture reaches beyond the concerns about the influence of the 
private sector in agricultural development, but emphatically includes public sector initiated 
agricultural development. The key tension it raises is one between modernizing production 
systems by replacing existing production systems on the one hand, and by linking up with such 
existing production systems and appreciating their diversity on the other hand. The ability to 
involve farmer communities in their process of agricultural development, and the ability to 
hybridize modern and traditional elements in a developing production system, were proposed 
as important reference points for the case study analysis in future chapters.

The second section elaborated how a historical trend in the industrialisation of agriculture 
has been characterised by mechanisms of appropriationism and substitutionism, which 
are mediated and increasingly made possible by the use of biotechnologies. This raised 
questions on the centrality of the role of the suppliers of agricultural inputs, notably that of 
seed companies, and on the extent to which a range of assumptions regarding the farming 
system are embedded in the seed of new crop varieties, structuring agricultural development. 
While industrialisation may boost productivity in some contexts, this thesis is looking for 
alternative models, and specifically aims to analyse the transformations in social relations 
of production and innovation that go along with the introduction of new biotechnologies.

Thirdly, as a corollary to the increasingly private nature of agricultural research, the rise of 
an international intellectual property system was discussed, as well as different initiatives to 
create ‘freedom to operate’, especially for the public sector in developing countries. While no 
direct relation is assumed between agro-biotechnological design and ownership relations, the 
intellectual property landscape cán have important influences on the choice of technologies 
that are being used, and the kind of partners that are being involved in projects of pro-poor 
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agro-biotechnology development. This provides a third entry point to study contemporary 
projects of agro-biotechnology development.

Importantly, there is a certain common ground between the section on agricultural 
modernisation as homogeneous and externally planned affair, and the section on the organizing 
principles of agricultural industrialisation. Both sections raised the issue that agricultural 
development may be shaped by actors that themselves are external to the agricultural production 
itself, and lead to a homogenization in approaches. The externalization of seed production as 
part of appropriationism, and the transformation to a high-modernist scientific agriculture 
as described by James Scott refer to similar mechanisms. However, while appropriationism 
is motivated by an extending capitalist system of production, the belief in high-modernist 
scientific agriculture may have more to do with a specific scientific ideology, and bias towards 
simplification of agricultural production.

Contours of a positive alternative for agricultural development

The question that arises is whether a positive counter-perspective can be offered in response 
to the criticisms and concerns regarding agricultural modernisation and industrialisation, 
presented in the sections before. Some elements of such a counter-perspective have emerged, 
but they do not constitute a coherent picture of an agricultural development just yet. Some of 
the authors mentioned have made proposals for an alternative, and arguably more positive take 
on agricultural development, and in doing so have referred to the possibility of endogenous 
development (Van der Ploeg and Long 1994), tailor-made biotechnologies (Ruivenkamp 2003b, 
2005), and food sovereignty (Seedling 2005; Jongerden 2008).37 It is not always clear what the 
role of technological development can be in these perspectives on the future of farming, but a 
central theme that emerges is the ability of innovation processes to adapt to different farming 
styles, different localities and different trajectories of agricultural development.

In addition, a recent idea has emerged on the potential of treating farmer seed systems as 
‘unsupervised learning networks’ (Richards et al. 2009). The terms supervised and unsupervised 
learning are adopted from the field of artificial intelligence, and roughly relate to conditions in 
which a network is trained to produce a specific outcome (supervised learning), or in which 
a network is reaching a stable state through interaction and feedback, without any a priori 
defined outcomes (unsupervised learning). The basic argument is that ‘supervised learning’ 
in agriculture has largely failed to substantially contribute to agricultural development in 

37 The term Food Sovereignty was first coined by Via Campesina and emerged in the Statement by the 
NGO Forum at the World Food Summit in 1996. Food Sovereignty is an approach that is largely based 
on the Right to Food and a right to produce. In contrast to the concept of Food Security (the right to 
have access to sufficient food of good quality), Food Sovereignty can be loosely interpreted as ‘the right 
to produce your own food’. In practice, it focuses heavily on local food networks and national or regional 
markets (Rosset 2003; Rosset 2006; Quaye 2007).
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parts of Africa, and has underutilized the experimental capacities of farmers themselves 
in variety management, breeding and selection on a local basis. Unsupervised learning – it 
is argued – might provide a heuristic for taking the innovative dynamic already present in 
farmer communities as starting point, which can be further strengthened and exploited by the 
strategic use of genetic technologies and functional genomics data. A concrete example would 
be the use of functional genomics data on genetic diversity in a given population of landraces 
that farmers use for varietal development. Genomic data may provide an insight into whether 
there is any genetic potential for farmer selection, or what kind of material may be introduced 
into the community to maximize the potential of the exchange and selection work carried 
out by farmers. While this approach to rethinking the premises of agricultural development 
requires further elaboration, and wider demonstration in practice, it does represent a valuable 
perspective on how agricultural development may empower local innovation processes, 
without prescribing a specific, homogeneous model of agricultural production or innovation.

This thesis aims to contribute to the debate on rethinking the role of technological innovation 
in agricultural development by focusing on the role of farmers as co-innovators. This requires 
technology development to be open-ended, and to leave room for experimentation and 
adaptation by different farmer communities, or local projects of agricultural development. In 
other words, the challenge this raises for contemporary projects of agricultural development, 
is to take local situations, capabilities, expertise and priorities as a starting point, and to 
harness the emancipatory potential of biotechnologies. This means that a process of creative 
destruction can be challenged by a careful consideration of existing production systems and 
seed systems. Externalization of seed breeding can be challenged by a consideration of how 
farmers or social movements themselves can be empowered in their varietal management 
and seed breeding experiments. Externally development efforts can be challenged – and 
complemented – by initiatives of endogenous development, that treat farmers and their 
communities as subjects of development, rather than as the objects of development.

This leaves us with the important question what these trends mean for technology development. 
In that context, it should be noted that – for example – mechanisms of appropriationism and 
substitutionism are not new, and neither are their associated processes of standardization of 
agriculture and disconnection. Goodman et al. (1987) trace back these processes to the early 
19th century in their analysis. However, they did argue that the advent of modern biotechnology 
was strongly supporting these trends, and extending their scope. Industrial fermentation, 
the genetic engineering of micro-organisms and the use of immobilized enzyme technology 
were expected to further allow the interchangeability of agricultural products, and their 
replacement by artificial alternatives. In plant breeding, the development of varieties with 
specific herbicide tolerance, disease resistance, or with improved capabilities to deal with 
poor soils, would further concentrate the control over agricultural production in the hands 
of the seed breeding industry.
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So the question is what the observation that biotechnologies have been instrumental in 
processes of appropriation and substitution means for the use of these technologies in another 
setting, with different goals and intended effects. If we are questioning the appropriateness of 
the industrialisation paradigm for international agricultural development, what does that mean 
for our questioning of technical design? Does this analysis of contemporary agro-biotechnology 
development imply that we should not only evaluate policies, strategies and approaches, but 
also the material design of the technologies that are being developed?

The relationship between technical design and social structures

The above has raised a discussion on the relationship between concrete technologies, production 
systems, and trends of agricultural modernisation. While it is generally acknowledged that 
there are some connections between technological design and the context in which it was 
developed, important differences are evident in how this relationship is conceptualized. As a 
result, visions of how complex it is to adapt technologies to different situations differ. In order 
to understand why one could have a different take on how to design ‘appropriate technology’, 
it is helpful to introduce a framework developed by Andrew Feenberg that distinguishes four 
different conceptualizations of technology, as summarized in Table 3.2 (Feenberg 1999, p. 9).

Feenberg starts with the common sensical notion that treats technologies as neutral means, 
which – within certain technical limits – can be used to reach whatever end a user of the 
technology may have in mind. Feenberg calls this an instrumental vision of technology. This 
is perhaps the most common-sensical notion of technology and affirms both its neutrality 
and its responsiveness to the intentions of a user of technology.

Next to this vision, he introduces technological determinism which has its roots in an optimistic 
believe that technical progress will ensure humanity’s advance toward freedom and happiness. 
In this framework, technology is considered to be neutral, since it does not change the direction 
or ‘ends’ of history, but merely advances progress to an unquestioned end state. Technology 
itself is expected to develop according to its own inherent logic, from less advanced to more 
advanced stages of development.38 This ‘unilinear path of development’ also implies that 
the means and ends of technological change are connected. Since technological progress 
remains unquestioned, it is society that has to adapt to the rules and effects of technological 
development (Feenberg 1999, p. 77-78).

The optimism of technological determinism is countered by a tradition of romantic protest 
against technologies and mechanisation. Feenberg refers to substantivism which holds that 

38 Feenberg points at the influences of Marx and Darwin that can be seen in technological determinism. 
Both had a theory in which biological evolution or modernizing society had it is own logic of progressing 
from primitive to more advanced stages, which is echoed in technological determinism.
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technologies not only have an instrumental, but also a substantive content, loaded with 
social meaning. In this view, technology is not neutral, but embodies certain values. Like in 
determinism, means and ends are connected: “how we do things determines who and what 
we are” (Feenberg 1999, p. 2). The main difference is its much more pessimistic view of the 
ends of technological change, since it assumed that technology was in the hands of a powerful 
elite within society, protecting their interests, and is therefore inherently biased towards 
domination. The only way out for substantivist thought was the rejection of technology and 
a return to nature or arts.

However, Feenberg argues that from within this pessimistic tradition of criticizing technological 
development also scholars emerged that perceived technologies as forms of power and control, 
but argued that technical domination is related to social organisation.39 In other words, it is 
related to man-made social configurations and could therefore be ‘reconstructed’ to play a 
different role in different social systems. While this sounds a bit similar to an instrumental 
view of technology, the difference is that choices are not at the level of particular means, 
but at the level of whole means-end systems. In contrast to substantivism and technological 
determinism, such a theory of technology steps away from the essentialism in these frameworks, 
claiming that there is not just one ‘essence’ of technology. This way, they opened the door to 
a Critical Theory that is characterised by a more constructive criticism and democratization 
of technological development.

39 See e.g. Marcuse (1964) and Foucault (1977).

2 1
3 4

Table 3.2. Four visions on technology (Adapted from: Feenberg, A., (1999), page 9). The numbers 
printed in the background refer to the order in which the four visions are discussed in the text 
below.

Autonomous Humanly controlled

Neutral 
(complete separation of means 
and ends)

Technological determinism  
(unilinear path of progress 
according to inherent logic)

Instrumentalism  
(technology is what it becomes 
in the hand of a user)

Value-laden  
(means form a way of life that 
includes ends)

Substantivism  
(means and ends linked in 
systems, inherent inclination to 
power and control)

Critical theory  
(choice of alternative means-
ends systems)
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How technological design relates to context of application – some examples

Critical theory in its constructive form provides opportunities for emancipatory change of 
technological means-end systems. However, an important condition for this emancipatory 
action of technological modification is that its entanglement with social relations of power 
is made visible in the first place; something that is not always quite self evident. According 
to Feenberg, this blindness to the entanglement of technology with relations of power is 
primarily due to a ‘hegemony of technical rationality’, which means that technologies are 
strongly perceived in terms of function and cost-effectiveness and much less in terms of 
what their social meaning is, or how they structure our society in different ways (Feenberg 
1999, pp. 86-87). We commonly perceive a distinction between technologies which have a 
technical function, and their social meaning which depends on the ideas and intentions of a 
user of the technology. Feenberg argues that this separation between ‘technical function based 
upon technical design’ and ‘social meaning based upon its use’ is not tenable, and masks the 
fact that technologies in their very material design already embed specific social meanings.

To borrow one of his examples: the size of machines in most European factories today prohibits 
their operation by children’s hands; they’re simply too big. This is considered to be self-evident, 
since we have abandoned child-labour in Europe quite some time ago. However, halfway the 
19th century, this was not self evident at all; children were commonly working in factories 
and the machines were, by their very design, adapted to this social condition. This illustrates 
that the technical design of these factory machines not only has a technical function (can 
it efficiently be operated?), but also a social meaning (who is to operate these machines?) 
(Feenberg 1999, p. 86-87). Perhaps without realizing it, technology designers have important 
and far reaching social power, by inscribing technical objects with social meaning, which is 
most appropriate in their eyes.

This relationship between technical design and a specific context of application is also apparent 
in the context of food production. The discussion of the organizing principles of agricultural 
industrialisation – appropriationism and substitutionism – already provided some proof 
that technologies not only have a technical function, but can also have a structuring effect 
on the socio-economic context of application. And, as already mentioned, hybrid seeds not 
only increased yields, they also fundamentally changed the agricultural production chain, 
and firmly embedded public or private external seed suppliers in the line of production 
(Kloppenburg 1988). Similarly, modified glucose isomerase enzymes did not only allow for 
a conversion of glucose into fructose, they created an interchangeability of sugar cane for 
corn syrup, profoundly restructuring the international production and trade of sweeteners 
(Ruivenkamp 1986; Hobbelink 1991).

These examples in fact reflect a struggle for power in the agricultural production system. 
To put it bluntly, hybrid seeds shift the power balance towards seed suppliers who become 



84  Reflexive biotechnology development

Chapter 3

essential partners in production. Enzyme technology shifted power to food manufacturing 
industry that benefits from the interchangeability of its inputs for production. But technological 
development can also more subtly be related to a specific idea of how to organise agricultural 
production. Here, technologies may not have such a direct effect on the power balance in 
agricultural production systems; instead they may implicitly support one or another view of 
agricultural development. This effect is best demonstrated by the example of breeding for 
disease resistance. Both conventional farming systems, as well as organic farming systems 
have to deal with insects, viruses and fungal diseases. Hence, generally speaking a trait as 
disease resistance is of general use and applicability. But a closer look at the understanding 
of disease resistance reveals important differences in conventional and organic approaches, 
and different criteria for variety development.

Different types of disease resistance in crops exist. In general a distinction is made between 
(1) monogenic complete (or vertical) resistance, (2) polygenic (often partial or horizontal) 
resistance, and (3) different resistance genes in a multiline variety or in a variety mixture 
(Louwaars 1997). While complete resistance is a very useful trait, its function generally 
depends on a single gene and is therefore relatively vulnerable. New viruses that evolve 
through mutations may develop a way around the plant’s resistance mechanism. This means 
that new crop varieties with a complete resistance trait are very interesting because of their 
excellent disease resistance, but they are only expected to last for a limited number of seasons. 
Seed breeding companies are constantly working on new resistance traits to anticipate the 
breakdown of resistance traits in currently marketed varieties. The ‘need for speed’ this 
generates in the plant breeding industry is met by increasingly powerful plant breeding 
strategies and technologies, like transgenics and marker-assisted breeding.

For the organic sector, disease resistance is important as well, but it is generally approached 
in a different way. The agro-ecology of crop production as a whole is considered, and the 
objective is to reach a balance in the crop-environment interaction (Lammerts van Bueren et 
al. 2002; Lammerts van Bueren 2006). By consequence, the organic sector is explicitly looking 
for sustainable resistance traits, and general ‘robustness’ of the crop. This means that for long 
term breeding programmes, resistance traits based upon the introgression of a single resistance 
gene are not preferred. Rather, more complex, quantitative resistance mechanisms are favoured 
that may not result in full 100% resistance (less absolute resistance), but do provide the plant 
with a more durable resistance against diseases or pests (Lammerts van Bueren 2006). Such 
traits are difficult to breed using genetic modification since they generally involve a wide range 
of genetic factors, rather than one or a few sharply defined genes. Molecular markers may in 
fact be useful in this context since they can help combining genetic elements that are partly 
contributing to a desired trait. However, the different crop ideotype for organic cultivation 
(Lammerts van Bueren et al. 2002) would require the development of markers for entirely 
new traits. Moreover, in organic farming conditions, where one is less capable of controlling 
the environment than in conventional farming systems, the link between DNA (genotype) 
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and actual traits of the plant (phenotype) is expected to be less consistent. Instead, the crop-
environment interaction is expected to play a much larger role in organic agriculture than 
in conventional agriculture, dramatically decreasing the predictive value of the presence of 
certain DNA elements for the successful expression of a certain trait or quality in the field. 
This implies that plant breeding for the organic sector does not only focus on a different 
crop ideotype with different traits, also the requirements for technologies in organic plant 
breeding are different. While molecular markers may prove to be of some interest in organic 
plant breeding, there is relatively strong need for traditional field testing in which field trials 
mimic the conditions in organic farming practice, even though this strategy does require a 
longer period of testing and selecting.40

These differences in how disease and resistance to disease are conceptualized in different 
types of agricultural production, lead to entirely different visions of what kind of technology is 
appropriate for agricultural development. This supports the earlier suggestion that technologies 
for agricultural development can only be discussed and evaluated in terms of their technical 
functioning within a given production system.

The politics of technological design

The discussion above has made clear that there is an important relationship between technical 
design, context of application, and perspective on agricultural development. But this raises 
an important question that has so far remained unanswered: does a certain technology by 
definition have a prescriptive function in a given production environment? If we criticize the 
role of biotechnologies in an industrializing agricultural system, does that mean that these 
biotechnologies cannot have a different social meaning in another context? Does a change in 
social meaning require a concrete redesign of the technology, or can technological design gain 
different meanings in different settings? In other words: to what extent does the technological 
artefact itself have a structuring function, across different contexts of application?

These questions hit a fundamental discussion in Science and Technology Studies (STS) and 
the Philosophy of Technology (see e.g. Woolgar 1991). On the one hand, these traditions 
stress the way in which technical design reflects social norms, and that technological design 

40 This paragraph focuses on rather technical arguments of why organic plant breeding has a different 
take on breeding for resistance, leading to a different crop ideotype, different traits, and different plant 
breeding technologies. In addition, the organic sector takes the concept of ‘naturalness’ as starting point in 
breeding and cultivation, and attaches importance to the intrinsic value of crops, based on their autonomy, 
wholeness or completeness, their species-specific characteristics and their being in balance with their 
species-specific environment. These criteria strongly object the use of genetic modification in organic 
plant breeding, and the use of other invasive genetic technologies such as protoplast fusion. See Verhoog 
et al. (2003) and Lammerts van Bueren and Struik (2004) for a discussion of the concept of ‘naturalness’ 
in organic agriculture, and the consequences for which breeding technologies are acceptable and not.
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and application is thoroughly contingent upon social, political and institutional context (e.g. 
Bijker 1995; MacKenzie and Wajcman 1999). This notion has been powerfully captured in 
the term ‘socio-technical ensemble’ which expresses the complete entanglement of the social 
and technical (Bijker 1995, p. 274). But a number of scholars has also very explicitly drawn 
attention to the coercive power of technological artefacts, and the notion of ‘the politics of 
technologies’. Langdon Winner addressed this issue head on in his seminal article “Do artifact 
have politics?” (Winner [1980] 1985). He argued that technological design can enforce social 
norms by allowing or denying certain social groups access to specific technologies or services. 
Moreover, he argued that technology can be highly complementary with certain types of social 
organisation (e.g. hierarchical or centralized management).

A few years later, Madeleine Akrich and Bruno Latour have discussed the delegation of morality 
to artefacts in terms of a ‘script of technologies’ which allows apparently mundane artefacts 
(door closer, seat belt) to implicitly enforce certain social norms (Akrich 1992; Latour 1992). 
Also Andrew Feenberg builds upon this tradition when he introduces a notion of a ‘technical 
code’ which brings technological artefacts in accordance with the social meaning they have 
acquired. Technologies are argued to materialize social norms and ideologies, which become 
embedded in the material design of the technology. This implies that technologies can also 
be prescriptive in the kind of social relations they mediate. As far as Feenberg is concerned, 
this has an important implication for the democratization of technological design. Not only 
should technological institutions be governed in a democratic way, also the material design 
of technological artefacts should be opened to reconstruction in the course of a democratic 
involvement of citizens in the socio-technical shaping of our world, ultimately leading to what 
Feenberg calls a “Deep Democratization” (Feenberg 1999, pp. 142-147).

But there are two problems with this understanding of the politics of technological artefacts. 
One is conceptual, the other pragmatic. First, there is a potentially problematic interpretation 
of the concept of a ‘technical code’ of technologies, since it may seem to suggest that a 
technical object has a specific technical configuration, which leads to a specific social effect 
across different social and economic contexts in which the technology may function. Winner 
already countered that interpretation by mentioning that “A ship out at sea may well require 
a single captain and obedient crew. But a ship out of service, parked at the dock, needs only a 
caretaker” (Winner [1980] 1985, p. 37). In other words, context of application matters.

Bruno Latour similarly stresses that the architecture of buildings from the Belle Epoque 
successfully separated the servants from the bourgeois in the house. But the same building 
today has the “perverse tendency to force the students inhabiting its coveted ‘chambre de bonnes’ 
to climb six stories through a steep and narrow staircase, while the happy owners of the flats 
are allowed to glide through a comfortable lift inserted inside a wide staircase.” (Latour 2004). 
This of course is a totally unintended but discriminatory effect of the architecture from an 
entirely different epoch. Historical context matters too.
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In addition, Brian Pfaffenberger makes a powerful and useful argument on the importance of 
culture in the way technologies gain a specific coercive force. To him, technological artefacts 
have affordances which are inherently multiple, depending on the perception of users or 
affected stakeholders. Pfaffenberger argues that it is discourse (‘ritual’) that privileges and 
legitimizes a specific interpretation of technologies, thereby constituting a political effect. 
“The artifact embodies political intentions, but these intentions do not come to life in the 
absence of ritual” (Pfaffenberger 1992, p. 294). He illustrates his point with reference to the 
plain Victorian hallway bench on which servants had to await the master of the house, in the 
nineteenth century. A myth of hygiene mystified and legitimated the use of a plain and hard 
bench, which was supposedly not to humiliate the servant class, but because they would only 
soil nicer benches with dirt from the streets. Today, many antique collectors place Victorian 
hallway benches in their homes, but with a very different intent. According to Pfaffenberger: 
“What made the hallway bench into a political artifact in the nineteenth century was the 
ritualization of the hallway space: Profound decorum standards called for members of the 
masters’ class to be admitted straightaway into the interior of the house, while members of the 
servant’s class were seated on the bench, signifying their inferiority” (Pfaffenberger 1992, p. 
294). The same benches today have an entirely different social meaning, expressing a certain 
taste in interior decoration, rather than the inferiority of guests that are to be seated on them. 
In other words, not only historical context matters, ritual matters too.

The conceptual conclusion must be that technologies are profoundly political, but that their 
political meaning depends upon the social and historical context they are part of, and the 
rituals and discourses they are surrounded by.41 This takes us away from an essentialist 
understanding of the political nature of technologies, in the sense that we do not any longer 
see technologies as having only one particular political function or ‘meaning’, captured in 
their technical code. So, rather than considering a technology in isolation, its socio-political 
meaning should be studied within a specific context of application. The discussion above has 
made clear that such an analysis should both involve the social dynamics in that context, as 
well as the material design of the technology itself.

As announced, a second – more pragmatic – problem with our understanding of the ‘politics 
of technologies’ emerges in the context of this research. The conceptual understanding of the 

41 There is a more fundamental critique of Winner and the notion of the ‘politics of artefacts’ which 
deals with the asymmetry in considering some technologies socially constructed, while at the same 
time treating other technologies as having a specific meaning, code or script. See e.g. Woolgar (1991), 
Grint and Woolgar (1995), Joerges (1999), and Woolgar and Cooper (1999). This discussion has some 
profound methodological implications for science and technology studies, and calls for an increased 
reflexivity in which the relativism of the construction of technology is also applied to the analyst herself/
himself. This discussion is considered to be beyond the scope of this chapter and thesis; however the 
contextualized understanding of ‘the politics of technologies’ as here proposed is thought to meet the 
expressed concerns to an important – workable – extent.
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coercive and prescriptive force of technology is directly related to a very concrete, material 
object with a specific technical design. In discussing agricultural modernisation and the role 
of modern biotechnologies, we do not always discuss a specific technical object, but rather a 
research trend, or breeding strategy. This first means that we explicitly have to consider what 
the material dimensions are to contemporary biotechnology or genomics development. But it 
also means that we have to look further than concrete technical objects, and need to consider, 
for example, the ‘politics of breeding strategies’.

Paul Edwards provides an interesting and helpful insight by elaborating the relationship between 
infrastructures and modernity (Edwards 2003). He extends Langdon Winners’ argument 
on the politics of technology to include wider sociotechnical systems, or infrastructures: 
“infrastructures act like laws. They create both opportunities and limits; they promote some 
interests at the expense of others” (Edwards 2003, p. 191). 42 It makes perfectly good sense to 
treat an agricultural production system, and notably a seed supply system as an infrastructure, 
consisting of different components and institutions allowing it to work, and to provide farmers 
with agricultural inputs. This understanding allows us to reflect upon the political nature not 
only of technical artefacts, but of the infrastructure –the sociotechnical system – they are 
part of in a wider sense.

In conclusion, in order to understand the significance and ‘social meaning’ of technological 
design, the challenge is to study the role of technologies as part of an (agricultural) 
infrastructure, rather than as isolated technical artefacts. This agricultural infrastructure 
provides the context of application, the historical context, and the ideology of agricultural 
development, needed to understand and evaluate the role of biotechnologies within this 
infrastructure. This contextualized understanding of the social meaning of biotechnologies 
in international agricultural development will be central in the description of case studies in 
the upcoming chapters.

In conclusion: key elements of a conceptual framework

The discussion before on the wider historical trends in agricultural modernisation and 
industrialisation, and the instrumental role of (bio)technologies in those processes, has 
provided us with an additional dimension of questioning the trajectories of agricultural 
development. The consecutive discussion on the relation between technical design and its 
meaning in the wider context of application has made clear that questioning trajectories of 
agricultural development also requires a questioning of agricultural technologies themselves. 

42 Edwards stresses that while infrastructures are commonly perceived in terms of ‘hardware’, we 
should acknowledge that they are in fact sociotechnical in nature. He writes: “Not only hardware but 
organisations, socially communicated background knowledge, general acceptance and reliance, and 
near-ubiquitous accessibility are required for a system to be an infrastructure” (Edwards 2003, p. 188).
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This brings us back to the discussion, started in the introductory chapter, on what it is that 
makes biotechnologies ‘appropriate’ for international agricultural development.

In relation to this discussion on ‘appropriateness’, a concern was expressed that the adaptation 
of biotechnologies for agricultural development is not as self-evident as it may appear to 
be, and that a superficial adaptation of biotechnologies might mask underlying processes of 
social transformation, that remain implicit in agricultural and technological development. 
The discussion in this chapter has provided various elements of conceptual framework which 
allows a further explication of this concern. This final concluding section will summarize and 
refine these key elements.

Reflexive development and reflexive technology design

The notion of ‘reflexive development’ was introduced in the first chapter to indicate a process 
of reflecting upon and responding to the effects of development efforts and the comments 
and criticisms it invokes (Nederveen Pieterse 1998). As mentioned before, in contrast with 
polarized visions of mainstream-, alternative, and post-development, this notion highlights 
flexibility and a learning dynamic which arguably more accurately describes how development 
efforts have changed over the years and have – for example – been influenced by the work 
of civil society organisations. In practical terms, the term reflexivity describes the degree to 
which project managers or scientists reflect upon their role in an innovation process and adapt 
the projects goals and methods in order to optimise its potential impact.

This focus on reflexivity in the context of agro-technological development relate this research 
to ongoing debates on the potential for reflexive technological development, or ‘reflexive 
design’ (see e.g. Schot 2003; Grin et al. 2004; Bos 2008). Here it is not so much a specific area 
of agro-technological development that is of interest, but rather a methodology for engaging 
with technological development. According to Bos, reflexive design is “a specific form of 
deliberative or participatory technology assessment oriented towards the definition of both the 
problem and the solution in a reciprocal argumentative exchange between the actors involved 
in the problem” (Bos 2008, p. 36). This notion of reflexive design relates to a wider shared 
interest in the democratization of technological development, and the potential for the wider 
involvement of various stakeholders and different types of expertise (e.g. based upon scientific 
knowledge or based upon experience). The definition of reflexive design as formulated by 
Bos is interesting because of its emphasis on the deliberative definition of both the solution 
and the problem at hand. Moreover, Bos stresses that in this deliberative process, more is 
needed than negotiation and trade-off between different interests. In addition “institutionally 
and technologically embedded assumptions, norms, knowledge claims, distinctions, roles and 
identities that are normally taken for granted must now be critically scrutinized” (ibid.).
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These descriptions of what reflexive design implies provide some starting points for an 
operationalization of the concept in the case study analyses. It suggests a questioning of the 
degree to which various actors in the cases reflect upon their own institutional context, the 
interests at stake, and the assumptions underlying their work. Having said that, it would be very 
hard to provide a quantitative measure of the degree of reflexivity of the relevant actors in a 
given project. Only a rough indication may be obtained from conducting interviews with these 
actors. However, rather than measuring the quantitative degree of reflexivity, the main interest 
of this research is in finding out to what kind of considerations it leads. A critical reflection 
upon the project may – for example – involve a reconsideration of its technical outputs or 
the degree to which it is needs based. However, the study is specifically interested in learning 
whether reflection is also being made regarding the agricultural production system that is 
implicitly or explicitly supported by the project, and what that means for the social roles and 
responsibilities of farmers, private sector input suppliers and (other) technology developers. 
In other words, rather than a quantitative measure, the notion of reflexivity provides an entry 
point for questioning the dimensions in which a project is shaped, reconsidered and optimised 
in order to provide a contribution to ‘appropriate development’ for ‘resource poor farmers’.

Pro-poor and Appropriateness

This study specifically focuses on projects that have a pro-poor focus and that aim to contribute 
to poverty alleviation. This concept of a pro-poor orientation is also guiding for the notion of 
‘appropriateness’, since it defines for whom the project or technology should be appropriate. In 
general, this term ‘pro-poor’ is commonly used to express the ambition of a project to address 
rural poverty. However, in spite of its relevance and common usage, the term is clearly vague 
and ambiguous. Paradoxically, this makes the use of the term pro-poor both problematic, as 
well as illustrative for a discourse in which ‘the poor’ are frequently treated as an abstract and 
decontextualized category. One way of dealing with the use of this term in this thesis would be 
to postulate a more robust definition, elaborating who exactly are the supposed beneficiaries 
of the genetic technologies the thesis is studying. However, for this study it is expected to be 
more fruitful to treat the category ‘pro-poor’ as something that exists because people use it 
to define their own work or project. Rather than delineating the category of ‘resource poor 
farmer’ (as beneficiaries of the studied projects) in terms of income or standard of living, the 
category has a meaningful existence as an entity that is constructed differently in different 
projects and different contexts. It is precisely these differences in identifying what makes a 
project ‘pro-poor’, or how it is going to reach ‘resource poor farmers’, and who these people are, 
that can provide valuable insights for the study into the different ways in which projects are 
reflexive in their attempts to contribute something ‘appropriate’. Hence, in the rest of this thesis, 
the term ‘pro-poor’ will be consciously used as a term which is ambiguous in representing a 
clear target group of people, but which is rather precise in indicating the general orientation 
of technological projects, that aim to contribute something to agricultural development in 
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developing countries. More than its general definition, what matters is its operationalization 
in concrete case studies.

A similar issue arises with the notion of ‘appropriateness’ when studying technologies that 
are being developed or projects that are being set up. As has been discussed by the end of 
Chapter 1, it is not feasible nor fruitful to postulate a single conclusive definition of what 
makes a technology or a development process ‘appropriate’ for a specific group of beneficiaries 
(resource poor farmers in our case). Rather, the term is used as an empirical lens or entry point 
to start questioning how in different projects this notion of ‘appropriateness’ is operationalized 
in practice. Rather than in a clear definition, the interest for this study lies in the expected 
diversity of the concept.

Politics of technology and Reconstruction

Apart from discussing a wider context in which agricultural development and modernisation 
takes place, this chapter has introduced the notion of ‘politics of technologies’. This term 
implies that, next to a technical function, biotechnologies have a social meaning within 
specific production systems, which allows them to restructure social relations of production 
and innovation in agriculture. As discussed in the previous section, it is important to study the 
role of technologies as part of an (agricultural) infrastructure, rather than as isolated technical 
artefacts, in order to understand their role in social structures. This agricultural infrastructure 
provides the analyst with the relevant context of application, a historical context, and the 
underlying ideology of agricultural development, allowing the researcher to understand and 
evaluate the role of biotechnologies within this infrastructure. In studying specific cases of 
technology development in the case studies in Chapters 4 to 6, reference will be made to this 
notion of the politics of technical design in order to discuss how the specific material design of 
technologies is adapted to suit the objectives and context of the project, or – on the contrary – 
how this design implicitly introduces or changes social structures that remain unquestioned.

Importantly, the exploration of the relationship between technical design and social meaning 
has opened the door to a more profound questioning of technological artefacts themselves. 
This kind of analysis requires the introduction of new language in order to distinguish between 
different levels of making technology ‘appropriate’. It is now clear that adapting technologies to 
perform a specific role in agricultural development can relate to the technical functioning of 
new technologies, but that it can also involve questioning and challenging the social relations 
of innovation, and the roles of scientists, breeders and farmers. In order to indicate such 
instances in which adaptation and reconfiguration of a project goes beyond instrumental 
technical adaptations, and includes a more radical and profound questioning of socio-technical 
configurations, the term ‘reconstruction’ will be used in this thesis.
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The term reconstruction is adopted from Andrew Feenberg (1999) who uses the term to 
indicate a process of ‘reconstruction’ of social configurations in which both the technical 
means, as well as the societal ends are reconsidered. His definition highlights a contrast 
between viewing technology as a neutral tool (leading to instrumental adaptations), or 
viewing technology as essentially interwoven with social systems (requiring a more profound 
rethinking of how both technical design and social systems can be changed). The use of the 
term reconstruction implies that not only the technical function of a technology changes, 
but also the roles and responsibilities of scientists, breeders and farmers working with the 
technology may change. This becomes especially relevant against a context of different – and 
rivalling – agricultural production strategies as described by Pistorius and Van Wijk (1999), 
which represent entirely different pictures of how agricultural production is supposed to be 
organised, and what different roles of the state and private sector are in that development. 
Technological development within these different strategies for agricultural production does 
not only require a questioning in terms of their technical functioning, but also in terms of 
their relation to a specific development strategy. It is a market-led industrialisation strategy 
in which genetic breeding technologies have become a crucial tool for innovativeness, but 
the question is whether they can also have an added value within a non-industrializing and 
farmer-centred strategy for agricultural production, and what kind of technological adaptations 
and reconstructions that would require.

Externalization in production- and innovation systems

The notion of externalization has been extensively discussed in this chapter against a background 
of agricultural industrialisation. It refers to the degree to which – in a specific project – farmer 
autonomy is conserved, strengthened or reduced in terms of direct accessibility to their means 
of production (i.e. their agricultural inputs). Externalization implies a loss of such farmer 
autonomy. As a corollary to externalization, homogenization of farming styles is described as 
a common consequence. Both concepts are the outcomes of a mechanism of appropriationism 
(Goodman et al. 1987; Ruivenkamp 1989, 2003a), as well as the result of a high modernist 
approach to agricultural development, as described by Scott (1998), Jongerden (2008) and 
Van der Ploeg ([1999] 2003, 2008). The process of externalization is an example that rather 
clearly emerges out of this kind literature as an implicit organizing principle of agricultural 
industrialisation and modernisation. What makes it interesting for the questions asked in this 
study is that it generally remains implicit and unquestioned, while the authors here referred to 
all stress the profound consequences for farmer production systems in terms of dependency 
relationships and homogenization of farming styles.

Interestingly, in the literature reviewed in this chapter the notion of externalization has generally 
been discussed with reference to the social relations in a production system. However, a similar 
mechanism can be identified in the context of innovation systems, in which the innovative 
capacity is being externalized from the realm of farmers to external technology developers. 
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Rather than questioning the direct access to the means of production, externalization of the 
innovative capacity relates to the degree to which downstream research partners, or end users 
can play a more – or less – significant role in determining the exact technical functioning and 
social meaning of the technology. In this context a dichotomy between treating farmers as 
‘recipients of technology’ or as ‘co-innovators’ has already been introduced as a heuristic for 
the different social roles in an innovation process. Both terms refer to different approaches 
to engaging with agricultural and technical development, and with the conceptualization of 
farmers (or other local stakeholders) in that process.

Concluding remarks

These elements constitute the conceptual heart of the case study analysis in the upcoming 
chapters. They provide a theoretically informed entry point to data collection and analysis. At 
the same time, they are nothing more than sensitizing concepts that allow for a first approach 
of the three cases (Bowen 2006). From the cases new concepts will emerge that provide new 
insights into how reflexivity works in making different projects appropriate for resource poor 
farmers in different ways. In response to the criticisms of a homogeneous, and externally 
imposed model of agricultural modernisation, the focus will be on the emancipatory potential 
of agro-biotechnologies, and the ways in which they can link up with, or hybridize with existing 
production systems and informal seed systems.
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Transgenic insect resistance for the poor – Towards a win-
win-win situation in Indian vegetable farming

“I like to call it win-win-win. The company wins – of course – , the farmer most 
definitely wins as well, and so do the consumer and society at large, because we’ll 
get rid of the poisonous residues in the vegetables. If we’ll handle this project the 
right way, there will only be winners”

(anonymous manager involved in CIMBAA consortium, November 2006)

Introduction 43

This chapter elaborates the case study of a project aimed at the development of a transgenic 
cabbage variety in India, in which both public and private partners aim to make the 
technology appropriate for vegetable production by small scale, resource poor farmers. The 
operationalization of ‘appropriateness’ in this project is interesting and complex, since the 
project has multiple objectives, and some of those remain rather implicit. Next to delivering 
a transgenic crop with effective insect resistance, the project hopes to address commonly 
expressed public concerns about transgenic technology, and thereby to avoid the controversy 
that many projects working on transgenics have met in the past. This second objective requires 
the project to be sensitive to potentially controversial aspects of its outputs, and to adopt 
a reflexive approach in which the project anticipates and responds to critical concerns. 
This approach is reflected in a variety of ways in which the technology and the strategy for 
commercialization are reconsidered and modified during the course of the project. However, 
in spite of this reflexivity, the analysis of the project also reveals important underlying stakes 
in supporting the externalization of seed supply to specialized companies and institutes. The 
discussion of the case study in this chapter will focus on the various dimensions of technical and 
organisational adaptation, but will also question how the project reflects and reinforces certain 
assumptions regarding the roles of seed suppliers and farmers in agricultural innovation.

43 This chapter is largely based upon material presented at the Development Studies Association Annual 
Conference 2007, University of Sussex, UK, 18-20 September 2007. The accompanying paper has been 
published as: Vroom W. (2008). ‘Redesigning biotechnology: experiences of a public private partnership 
in the development of pro-poor transgenic cabbages in India.’ The European Journal of Development 
Research 20(3, September 2008): 398-414. 



96  Reflexive biotechnology development

Chapter 4.

Concretely, the case study addresses (1) how the project aims to make the technology and the 
mode of commercialization appropriate for small scale vegetable farmers, (2) the extent to 
which the project takes the perspectives of farmers and other stakeholders on board, and (3) 
the structuring influence of intellectual property and biosafety regulations on the setup of the 
consortium, and the repercussions for the central position of the patent owner. Questioning 
the project on these levels provides insight in how the project not only is committed to provide 
a technically sound solution to the pest infestation in Indian cabbage production, but how it 
also structures the future innovation and production system in a specific way.

Finally, it is important to note that this chapter is not evaluating the project in terms of 
successfulness of the final technological solution as such, nor making a wider argument 
pro or against the use of transgenic crops. Instead, what is elaborated is the extent to which 
technological development is responsive to different needs and circumstances, and to what 
kind of adaptation processes that may lead.

The setup of a public private partnership for the development of Bt 
Brassica

Around the year 2000, several parties in India were looking for a sustainable solution to pest 
problems in Brassica oleracea (leafy cabbages, including white cabbage and cauliflower), 
primarily caused by infestation by the diamondback moth (Plutella xylostella). India is one of 
the major producers of cabbage and cauliflower worldwide with approximately 0.483 million 
hectares under production, producing about 6.335 million tons per annum (Mohan and 
Gujar 2003). The diamondback moth causes an annual loss estimated at about $16 million on 
the basis of 25% damage, and forces farmers to apply frequent sprays of insecticides, adding 
up to 38% of cultivation cost in cabbage and cauliflower (Shetty 2004). Since no resistance 
against this insect in wild relatives within the Brassica family is known, the only way of making 
the crop itself more resistant to the insect attacks, would be to introduce transgenic insect 
resistance.44 The British National Resources Institute (NRI) had previous experience with 
transgenic Bt cotton45 in the country, and was investigating the opportunities of setting up 

44 Obviously, next to making the crop itself more resistant to the moth, other strategies could have been 
followed, but host resistance was quickly defined as an interesting and efficient avenue to follow. This 
choice will be discussed later in this chapter.
45 ‘Bt crops’ are transgenic crops carrying and expressing genes that originally occur in Bacillus 
thuringiensis, a soil bacterium. The presence of Bt genes leads to the expression of an endotoxin that 
specifically kills certain groups of insects, without being harmful to other non-target organisms (Schnepf 
et al. 1998; Shelton et al. 2002).
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Integrated Pest Management (IPM) systems for Brassica in which transgenic Brassica with 
Bt resistance would be an important element.46

Nunhems India Pvt. Ltd., a major Indian seed company, was already working on Bt Brassica 
in India at the time. Nunhems India is a part of the Dutch Nunhems Seeds corporation, which 
in turn is a subsidiary of Bayer CropScience. At the time, Nunhems India was working with 
a specific Bt gene: the Cry9C gene. However, this Bt gene had been involved in a controversy 
over the contamination of corn intended for human consumption with transgenic corn that was 
not intended for consumption, produced by the US company Starlink (Bucchini and Goldman 
2002). The public controversy over the use of this gene made the seed company decide to abort 
the programme of Bt Brassica development, in combination with the recognition that getting 
any concrete products through the regulatory process would be very difficult and expensive, 
and the fact that the technology used was not up to the latest technological standards anyway. 
All in all, the development of transgenic vegetables in India, though technically feasible and 
interesting, was at the time considered to be commercially unattractive.

However, several people involved at the time, both at the seed company, as well as at NRI 
believed that the development of Bt Brassica could significantly reduce the problems with 
diamondback moth infestation that many Indian farmers were facing and which led to 
exorbitant high pesticide usage. Next to a commercial goal, the development of insect resistant 
cabbages was thought to have an important potential for agricultural development, in terms of 
lowering production costs for farmers, reducing environmental pollution because of pesticide 
usage, and reducing both farmers and consumers poisoning because of frequent pesticide 
applications and high levels of pesticide residues in fresh vegetables. These potential benefits 
were deemed worthy of public support, which led to the setup of a public private partnership 
for the development of Bt Brassica for Indian farmers.

The setup of this project was not without challenges. One of the initiators of the project, Bert 
Uijtewaal from Bayer CropScience has reported how a number of potential sponsors initially 
expressed their interest in the initiative, “but were nervous about joining a project involving the 
development and release of transgenic material” (Uijtewaal 2006, p. 218).47 Another drawback 
mentioned by Uijtewaal was the expected duration of the project, since it was expected to take 

46 For a review of historical perspectives and contemporary development in IPM, see Kogan (1998). 
Kogan also provides the following definition of IPM: “IPM is a decision support system for the selection 
and use of pest control tactics, singly or harmoniously coordinated into a management strategy, based 
on cost/benefit analyses that take into account the interests of and impacts on producers, society, and the 
environment.” (Kogan 1998, p. 249). In practice this primarily means that biological and chemical means 
of insect control are combined, instead of fully relying on chemical pest control.
47 These included European development agencies, but also the Food and Agriculture Organisation 
(FAO) of the United Nations and the Agricultural Biotechnology Support Programme (ABSP II), which 
is funded by USAID (interview data).
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at least 8 years from the start of technical work, to the release of developed plant material. 
Nonetheless, in 2002 the negotiations with various potential partners and donors led to the 
establishment of the ‘Collaboration on Insect Management for Brassicas in Asia and Africa’ 
(CIMBAA).48 The consortium is formally headed by AVRDC (The World Vegetable Centre, 
Taiwan), and includes the Centre for Environmental Stress and Adaptation Research (CESAR) 
of the University of Melbourne, Cornell University, and the National Resources Institute (NRI) 
of the University of Greenwich (UK) as public partners. In addition a number of research 
partners are involved that address specific research aspects of the project. Nunhems India 
Pvt. Ltd. is the only private partner in the consortium (see Figure 4.1 for an overview of the 
consortium structure). Financially, the project is supported by Nunhems (which pays for the 
development of the gene constructs, the transformation, field trials and part of the safety 
analyses), and by public sector money: the project is divided in smaller subprojects for which 
funding of various governments or donors is attracted.

48 See http://www.cimbaa.org (last accessed 17 September 2008).

Figure 4.1. Structure of the CIMBAA – consortium (source: www.cimbaa.org; last accessed 17 
September 2008).
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Phases of development

The project is organised in several phases of development. The first phase of the project focused 
on formulating a theoretical technical solution, with a panel of internationally renowned 
scientific experts. This solution would have to address several issues regarding the safety of 
the product, but most notably also regarding the build up of resistance of the diamondback 
moth (DBM) to the Bt endotoxins produced by the transgenic crops. The insect has a history of 
quickly developing resistance to a range of chemical pesticides, and is also expected to develop 
resistance against Bt foliar sprays (Talekar and Shelton 1993). These technical challenges led 
to a design of a transgenic plant with a dual Bt gene construct, expressing two different Bt 
endotoxins. Lab tests had shown that resistance build up by the insect to two toxins at the 
same time would occur much slower, than to a single toxin (Zhao et al. 2003). Moreover, by 
constructing the two Bt genes in a tandem construct, they can only be transferred together in 
any future crosses, preventing any reduction in protection because of the potential loss of one 
of the two Bt genes. Credibility for this technical design was build by discussing the robustness 
of the design with a wide range of scientific experts, and asking them to express their support 
for the design by signing a public scientific statement.49 Importantly, the proposed technical 
solution included that the Bt seeds were to be used in an IPM context, in order to prevent the 
build up of resistance over a longer time frame, and to address any problems with secondary 
pests. Although DBM is the most devastating pest for Brassica at this moment, secondary 
pests also play a role. Moreover, experiences with Bt cotton in China seem to demonstrate 
that the elimination of the primary pest can lead to the rise of secondary pests that become 
more problematic (Wang et al. 2006). For this reason it is considered to be important to have 
an IPM strategy in place which not only focuses on the primary pest, but on a wider range 
of plant-insect relations.

The technical design with a dual Bt construct was operationalized in a following phase, focusing 
on the building of a genetic construct, the transformation of plants and selection of ‘elite 
transformation events’ in which the incorporation of the gene construct had led to a stable 
insect-resistant plant that shows no side effect that may be caused by the genetic modification. 
By the end of 2006, a first series of contained field tests with these genetically transformed 
plants had been finished, and successful host plant resistance has been demonstrated.50 In 
a parallel track, two studies to the socio-economic benefits of Bt Brassica for Indian and 
Indonesian farmers have been conducted in 200451, and projects with public partners are 

49 The list with signatories of this statement is available on the project’s website: http://www.cimbaa.
org/support_scientists.html (last accessed 17 September 2008). Moreover, the technical concepts of 
CIMBAA have been presented and discussed at several entomological conferences.
50 Presentation of Joachim Schneider, head of Bayer Bioscience, at the Biovision conference, March 
13th 2007, Lyon.
51 These reports are available at the CIMBAA website: http://www.cimbaa.org/index-2.html (last accessed 
17 September 2008).
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initiated studying the potential crossing of transgenic pollen with wild relatives, and the models 
for dealing with the transfer of intellectual property to project partners or future sub-licensees. 
The extensive biosafety testing that is required for commercialization of transgenic crops in 
India and elsewhere will be conducted once the final elite lines are developed.52 Studies on 
the potential integration of the transgenic material in IPM practices are being started now the 
first field trials have given a proof of concept. Although the extensive experimentation with an 
IPM module is only possible once varieties have been developed and released for large scale 
field trials, the consortium has planned the assessment of potential technologies and practices 
that can constitute an effective IPM strategy in parallel to the variety development. Field trials 
with farmers and education efforts to make farmers familiar with the IPM strategy are part 
of the last phases of the project. While this implies that a lot of work is done in parallel, the 
choice of most appropriate Bt genes and the development of a genetic dual construct was all 
conducted in a first phase, separate from the development of an IPM context. Lessons and 
experiences from the application of Bt Brassica in an IPM context may therefore only be taken 
on board in a future generation of new transgenic material.

After commercialization, the project will enter a new phase in which the focus is on ‘stewardship’. 
The sustainable release of transgenic Brassica requires ongoing research into the build up of 
insect resistance against the Bt toxins, and potential gene flow through crossing with wild 
relatives. Moreover, additional funds may be required for training of farmers or to provide 
micro-credits which can allow farmers to invest in higher quality seeds. For these purposes, 
plans are being made to set up a ‘stewardship fund’ that will take care of these issues after 
commercialization. The money that needs to go into this fund will have to be contributed by 
the sub-licensees of the technology, although a final model for this part of the project is still 
under development at the time of writing.

The material reconstruction of transgenic technology

The use of transgenic technology in the CIMBAA consortium is influenced by the specific 
objectives of the project. Not only does the project have objectives in terms of delivering an 
efficient means of beating insect infestation, but the project also has objectives in terms of 
legitimizing its existence, the involvement of the various partners, and the use of transgenic 
technology. Concretely, this means that the social negotiation process with all stakeholders 
involved not only focuses on the effectiveness of the host plant resistance, but also on the 
sustainability of the solution, the differentiation of socio-economic benefits that arise from the 
project, and the credibility of the safety testing and precautions that are undertaken. If these 

52 According to Indian legislation, approval for commercialization must be given for every transgenic 
event, rather than for a specific construct or transgene. This means that the required biosafety tests 
must be conducted on the final elite event material that will actually be commercialized on the Indian 
seed market.
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aspects of the project are not addressed satisfactorily as integral part of the project, support 
for the technological development collapses, and the project would fail.

The technical design of a gene construct

As mentioned above, one of the key objectives of the project was the effective and sustainable 
resistance of the Brassica to diamondback moth infestation, both for large scale, as well as 
small scale producers. The proposed design with a dual Bt gene construct is not only expected 
to provide effective host plant resistance, but is also specifically designed to delay the build 
up of insect resistance against the Bt toxin. Current management of resistance build up in 
target insects comes down to the compulsory sowing of refuge areas with non-resistant 
crops. Next to the fact that this practice is difficult to control or enforce on a large scale, the 
requirement of sowing refugias is especially problematic for small scale farmers who need their 
entire holdings to raise some revenues from their farms. Current refugia standards require a 
minimum of 20% non-transgenic crop to be sown, and sacrificing such a significant portion 
of the already small holdings is economically unattractive and hence unpopular.53 If the dual 
Bt gene construct is indeed providing a much more sustainable insect resistance, this means 
that the need for refugias evaporates, and that the technology loses its bias for large scale 
farmers, and becomes ‘scale-neutral’.

Another remarkable aspect of the technical design relates to the precise design of the dual 
Bt gene construct. There are various ways of stacking multiple genes in transgenic crops, 
like iterative transformations, co-transformations with multiple gene constructs at the same 
time, or transformations of constructs in which multiple genes are linked (Halpin 2005). 
The CIMBAA consortium has chosen to work with a linked dual Bt gene construct which 
prevents future segregation of the two genes in later crossings with other wild material. 
Separating both Bt genes would seriously compromise the long term host plant resistance 
to the pest insect. While working with linked gene constructs generally provides a robust 
methodology for producing transgenics with stacked genes, it is technically more challenging 
than performing multiple transformations. Remarkable is that the best known other example 
of dual Bt resistance – Monsanto’s Bollguard® II cotton – does not use the linked genes 
methodology, but is produced by successive transformations of two Bt genes.54

53 It is sometimes claimed that resistance build up by the insect in an Indian situation with small holdings 
and a wide range of other wild, non-transgenic host plants for the insect, is not likely to occur very 
easily and that refugia are therefore in fact unnecessary (interview data). However, this point remains 
controversial, and the currently prevailing formal regulations that go along with conventional transgenic 
host-plant resistance are in fact strongly biased towards large scale farmers.
54 According to information available on http://www.agbios.com/dbase.php?action=ShowProd&data=15985 
(last accessed 17 September 2008).
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Respondents from the CIMBAA project indicate that the dual Bt gene construct with linked 
genes is specifically designed for a context in which further breeding with the transgenic 
material by other breeders was expected, and where this should not cause any problems 
in terms of reduced host plant resistance (because of segregation of both Bt genes during 
crossing). While further breeding is also possible with non-linked dual Bt plants, the specific 
context and goals of the CIMBAA project did materialize in the choice for a dual Bt gene 
with two closely linked genes.

Hybrids or open-pollinated varieties; an example of contrasting requirements

Next to the specific gene construct used in transgenics, also the ‘genetic background’ in 
which this construct is being used is contested ground, and therefore a potential arena for 
redesign. Seeds can be produced as ‘hybrids’ or ‘open-pollinated varieties’ (OPVs), with 
different implications for farming practices. In Chapter 3 the development of maize hybrids 
had been introduced, as well as their implications for the use of farm saved seeds. Summarizing 
the argument once more: hybrids seeds are derived from a cross with two homozygous parental 
lines, and may benefit from heterosis, or hybrid vigour, which is claimed to significantly 
increase yields as compared to non-hybrid varieties. Essential is that the hybrids of specific 
parents (which is the generation that is marketed) are heterozygous. Although technically 
fertile, these hybrids create a strong segregation of agronomically valuable traits in a next 
generation, rendering their offspring much less attractive for commercial cultivation. In 
practice, this has meant that farmers are strongly encouraged to buy new seed every year, 
instead of reusing their farm saved seed for several years. Especially in cereals this has made 
an important difference, since the harvested produce has a dual character as both grain (to 
be sold or consumed) and seed (to be used for replanting next year).

In practice, the importance of farm saved seed is much less prominent in horticultural 
production (like cultivating cabbages), since the harvested produce is usually not simultaneously 
useable as seed. Moreover, Brassica seed production by farmers is generally not remunerative 
for the farmer, since it requires the crops to be on the land for the entire year, where the 
production for consumable vegetables allows two to three harvests per year.55 Saving a part 
of the holding for seed production is then not very attractive. Moreover, most Brassica do not 
produce seed at all in warmer regions in lowland areas, because of the biological constitution 
of the plant, and its original adaptation to colder areas. For that reason, most Brassica seed 
production in India is carried out in the Northern highland areas near the Himalayas. This 
seed is then brought to southern regions for vegetable production near big cities like Delhi, 
with large market potential.

55 Interview data.
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Regardless of the generally perceived unattractiveness of farm saved seed in Brassica, the public 
private consortium has considered allowing the release of open pollinated material, which 
would potentially allow farmers to produce and reuse their own seeds. However, considering 
the transgenic nature of the crop, this would lead to concerns regarding crossing of the 
transgenic material with wild relatives. In practice, this has made the release of transgenic 
open pollinated varieties unlikely under the current biosafety frameworks. In fact, it remains 
open for the public partners in the consortium to decide how the sub-licensees will be allowed 
to release the transgenic material via their own varieties. However, the private seed company 
Nunhems has made explicit that it will commercialize the material as cytoplasmic male sterile 
(CMS) hybrids which produces infertile pollen, which in turn strongly inhibits the chance 
of any outcrossing with wild material. It seems likely that other companies will follow suit.

Two different concerns regarding the application of transgenic crops lead to conflicting 
recommendations here. Biosafety concerns limit the room for manoeuvre to allow farmers 
to save and replant their own transgenic seed. In the current understanding of potential 
risks that transgenic technology entails, it requires strict biological control, which cannot 
be guaranteed when using open-pollinated varieties. The project may not have been able to 
challenge the prevailing biosafety regulations and their implications, but what makes the case 
study interesting is that the technology developers did challenge the dominance of hybrids 
in vegetable production and attempted to create room for alternative production styles that 
might have explored the possibilities for farm-saved seed. The final decision to exclusively 
release hybrid seeds reflects the project’s goal to present a transgenic crop that would cause 
the least controversy. Treating biosafety concerns as the first priority reflects that goal.

Tailoring the mode of commercialization

Interestingly, in this project, the redesign of the technology is not restricted to adapting the 
specific technological object (a transgenic crop) to the requirements of the project. Also the 
mode of commercialization is specifically adapted to the socio-political context in which the 
project is supposed to work.

One of the potential controversial aspects of transgenic seed is its relatively high cost, as 
compared to conventional seed. Usually, a private sector company receives a return on its 
investments in R&D by raising a technology fee. This fee may be calculated into the seed price, 
or may be paid as a royalty by other seed production companies that have sublicensed the 
technology from its developer. These companies in turn increase their seed price to recover 
the royalties they have to pay. The high investments associated with transgenics development 
and their deregulation (passing all the regulatory requirements for commercialization) usually 
imply a significant technology fee, and therefore a high seed price. This aspect of transgenic 
seeds has been criticized as being inappropriate for resource poor farmers, especially in 
combination with the hybrid character of the seed, requiring farmers to buy new seed every 
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year. A significant increase in productivity, or savings on pesticide usage may be expected 
to easily compensate for a higher seed price. Nonetheless, the higher seed cost is generally 
perceived as an increased risk in cultivation, especially when the crop is grown in difficult 
conditions and harvests may fail.56 In addition to the high seed price, the technology developer 
commonly gains a market monopoly on his patented technological product. This again is 
commonly criticized as a mechanism by which a company can exploit its position as patent 
owner, and push up the prices to maximize the benefits for the company, and to squeeze the 
benefits of other stakeholders in the production chain.

In order to make the technological project successful and to gain support from as many 
stakeholders as possible, the patent owner in the CIMBAA consortium (Bayer CropScience) 
has made the rather remarkable choice to make the Bt technology available, without raising a 
technology fee, thereby ensuring a low and affordable seed price.57 Moreover, once the dual Bt 
gene construct has been developed and transformed into suitable germplasm, the ownership 
of the technology and biological material will be transferred from the company to a public 
partner in the consortium (most likely AVRDC). This institute will subsequently sublicense 
the technology back to Nunhems, and a range of other seed companies for the concrete 
breeding of the material into elite germplasm, for which every seed company may choose 
their own lines and niche markets. This means that not only the material and technology is 
released without a technology fee (that in the end farmers would have to pay), but also that 
the commercialization is not exclusively restricted to Nunhems Seeds, but instead open to 
any company or institute that might be interested. This implies a remarkable divergence from 
the ownership structure that was typical for conventional biotechnology development.

The relatively high price of transgenic seeds is usually legitimized with reference to the high 
level of investments associated with transgenics development, and the expected benefits for 

56 This has been one of the controversial issues in the commercialization of Bt cotton in India, the only 
transgenic crop currently released in the country. The high technology fee raised for the Bt technology, 
developed by the Monsanto-Mahyco Biotechnology (MMB) joint venture, led to a high seed price. 
Although the precise economic revenues for farmers are still an ongoing matter of debate, it is argued 
that the economics of the expensive Bt seeds do not work on marginal (rain-fed) land where the cotton 
yields remain low (Sahai 2007). Considering the uncertainty of good yields on marginal lands, high input 
costs constitute a serious danger for farmers that are not supported by insurance systems, but have to 
take loans against unfavourable conditions. See also Snapp et al. (2003) who argue that cash investments 
in production under fluctuating market prices may present a too high risk for many farmers, in spite 
of high yield responses.
57 As for several other aspects of this project, it is at the time of publication uncertain how exactly this 
will be operationalized in practice. While clear intentions are being expressed that no technology fee 
should be raised, legislation on intellectual property, licensing and gifting may provide serious problems 
in making such intentions concrete. It will be interesting to follow what will remain of these intentions 
by the time a concrete product will be released on the market, but regardless of future outcomes, the 
sincere intention to commercialize Bt Brassica without raising a technology fee is real and worthy of 
investigation and explanation.
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farmers in terms of increased productivity (offsetting the high seed price). The availability of 
public funds in the CIMBAA project already allows a significant reduction in any potential 
technology fee, since it reduces the level of investments that are required by the private 
partner. However, the company can also follow this strategy because it treats the innovation 
of transgenic seed in a different way than many biotechnology companies have conventionally 
done. In fact, the strategy that is being followed fits a company that is primarily a seed breeding 
company, rather than a biotechnology company.58 Interviewed stakeholders from Nunhems 
Seeds claim that the genetic modification technology is merely instrumental in allowing for 
the continued cultivation of Brassica in India, which in turn allows the company to release 
new hybrids in the future. The added value for the company may primarily be in preserving a 
valuable market for new crop varieties/hybrids, rather than in licensing out new technologies. 
This implies that instead of gaining a position in the market based upon the ownership of 
a specific technology, what becomes more important is the value of an entire portfolio of 
traits, captured in the elite germplasm of the company. Moreover, Nunhems Seeds in India 
has advanced capacities in seed coating, providing the seed with fertilizers and fungicides. 
Currently, Nunhems Seeds already has a strong position in the sales of Brassica seeds in India. 
Rather than claiming a bigger portion of the market, the company has a strong interest in 
maintaining the market itself, or possibly enlarging it. Collaborating in a non-exclusive manner 
in a Bt Brassica project which has the potential to secure and enlarge the production of these 
cabbages in large areas of India is very interesting in that respect.59 For the business model 
of the company, this means that instead of relying on one crucial trait, and the protected 
ownership of that trait, the company relies on a whole package of superior germplasm, seed 
coating technologies, and a good network of distributors and buyers to secure its position in 
the Indian seed market.

An additional important consideration that has played a role in following this strategy is the 
large size of the Indian seed market, which allows the company to invest in this technology 
development project, and to gain return on investment through prolonged and large scale 
seed sales in the country. Moreover, considering that the country is too big and diverse for 
one company to serve all Indian vegetable farmers, there is little harm in allowing other 
companies to serve specific niches within the Indian seed market. In fact, since one seed 
company would have great difficulties in catering for the diverse needs of the entire country. 
Keeping the entire market closed would probably lead to the spread of seeds fit for one agro-
climatic region to another, where they would perform poorly. This would in turn damage the 
reputation of the transgenic seeds, as well as the reputation of their producer. Finally, keeping 

58 This presumes that the initiative of this project has been with Nunhems, rather than with the actual 
patent owner Bayer CropScience, which is indeed supported by interview data.
59 Note that cabbage cultivation in higher and colder regions of India is no problem, since insect attacks 
can relatively effectively be managed there with conventional IPM approaches. However, the very 
lucrative markets around big cities like Delhi and further down south require technological intervention 
to remain economically feasible in the long run.
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the price of official and certified seed low may be the strongest weapon in preventing the 
large scale spread of uncertified seed, which is currently a significant problem for Bt cotton 
in India (Jayaraman 2001, 2004).

The significance of this aspect of the CIMBAA project is not primarily in the low price of 
the transgenic seed, which makes the product appropriate for resource poor Indian farmers, 
in practical terms. More interestingly is that while the introduction of transgenic host-plant 
resistance has conventionally also implied the need to get a return on high investments in 
the technology development, by establishing a market monopoly by the patent owner, this 
consortium is adopting a model of commercialization that changes that social organisation. 
This can to some extent be explained in terms of the aims and interests of the projects, 
building credibility and legitimacy, and with reference to a number of specific enabling 
conditions. Nonetheless, the important conclusion must be that redesign of the technology is 
not only possible in instrumental terms, but also in terms of social relations that are implicitly 
established in the production system. As will be discussed by the end of this chapter, this has 
some implications for the way in which the technology developer positions him/herself in the 
production system, and hence deals with the mechanism of appropriationism.

Representation of farmers, rather than participation

The analysis of the CIMBAA case study so far has demonstrated that the project has 
responded to publicly expressed concerns over transgenic technologies in a number of ways. 
This both influenced the material design of the transgenic crop, as well as the strategy for 
commercialization. However, one question that has not been answered is how the project 
leaders knew or assessed what concerns to respond to. Did they find a way of involving 
various stakeholders or end-users in the process? And has this led to a careful attuning of 
new technological solutions with existing practices and expertise?

The CIMBAA project is very conscious of the controversies around the development of GM 
crops, and is clearly aiming to come up with a technical solution for the pest problem of 
Indian farmers, that will deal with the criticisms levelled at transgenic technology. With that 
in mind, it is remarkable how limited the role is that farmers and civil society organisations 
have played in the CIMBAA project, especially in its early phases. Stakeholder involvement 
has frequently been mentioned as a way of improving research relevance, and facilitating a 
wider adoption of new technologies. This also emphatically applies to relatively upstream 
participatory methodologies, that rigorously document farmer preferences and involve them 
in decision making (Snapp et al. 2003; Snapp and Heong 2003). Sperling et al. (2001) mention 
examples of successful participatory approaches like surveys and focus groups to document 
farmer knowledge, use of expert farmer panels, and incorporation of farmer views into 
criteria used to rate performance. Such methodologies for the involvement of farmers and 
other stakeholders would appear attractive for the CIMBAA project to make sure that all the 
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efforts to produce something useful and attractive will indeed result in a transgenic crop that 
will be widely accepted.

Moreover, it is important to stress that even at the initial stages of technical design of a 
potential solution to the diamondback moth infestation, a number of things are already at 
stake that reach beyond merely technical issues. In the early phases of the project, very specific 
choices have been made about what to address in the technical design of the transgenic crop, 
and what not. While effective insect resistance and delay of resistance build up by the insect 
were chosen as major scientific challenges, to be solved by a technical design (hence the dual 
Bt construct), a number of other known issues were treated as ‘management issues’. These 
included the extent of outcrossing to wild relatives, and issues of co-existence of transgenic 
and non-transgenic crops, which were labelled as issues to be taken up in further research 
(to what extent does outcrossing take place, and is that a problem?), or as management issues 
to be decided upon at a political level (is co-existence and labelling of transgenic and non-
transgenic crops feasible in India, and if not, is that a problem?).

The prioritization of what counts as essential objectives to be solved by a technical solution 
is not self-evident, but depends on the specific understanding of the problem at hand. Other 
stakeholders, like for example organic farmers, may have stressed to address the issue of co-
existence of GM and organic farming methods, or the tracing and labelling of the GM products 
as integral part of the proposed technical solution. By treating the design of the transgenic 
crop as a technical, non-political issue, a specific but arbitrary perspective on the problem is 
privileged over alternative views. This understanding of the relation between technical design 
and socio-political relevance of the end product argues for an involvement of a wider range 
of stakeholders in early phases of discussing the problem and potential solutions, in order 
to avoid an externally imposed framework of how problems with pest insects in vegetable 
production in India should be solved.

The CIMBAA project has undertaken a number of initiatives to get in touch with the local 
perspective on agricultural development, and the potential role that a transgenic pest-resistant 
cabbage could play. For example, a socio-economic study has investigated the pesticide usage 
and the potential interest in a transgenic solution among farmers (Sandur 2004). Also, one 
farmer representative has been present at a launching workshop in February 2005 to express 
his support for the project (Srinivasan et al. 2005). In addition, the intention is to work with 
farmers in developing IPM practices once the transgenic material has been developed and 
approved for field trials. Finally, a number of NGOs had in fact been invited to the launching 
workshop in 2005, but (according to respondents from CIMBAA) turned down the invitation. 
However, while interaction with farmers is likely to increase in the later phases of the project, 
all in all these initiatives have been rather modest in involving both farmers and critical Indian 
NGOs in early stages of technology development.
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In spite of the importance of stakeholder involvement in early stages of the project, a number of 
pragmatic problems generally arise in setting up stakeholder involvement in technology design. 
While priorities can obviously be set in a participatory way, the lack of specialized technical 
expertise disqualifies outsiders from playing an active role in designing e.g. gene constructs. 
Moreover, difficult decisions need to be made regarding who to involve, and where to draw 
the boundaries of involving ‘outsiders’. But more importantly, CIMBAA project leaders stress 
the vulnerability they perceive with respect to criticism from outsiders on the project and the 
proposed solution. Avoiding a too dominant position in the final market commercialization 
is one of the concrete attempts in order to prevent too much controversy being attracted to 
the private company involved. Moreover, communication about the project and potential 
challenges ahead is carried out with great care. It is reported that the project does not want 
to get out of the way of discussions with critical NGOs, but these discussions should be taking 
place at a moment that concrete testing data about the actual host plant resistance, yield, and 
biosafety are available. However, this is obviously in contrast with a very open and deliberative 
process of technological innovation. In other words, a paradox emerges when ‘society’ calls 
for an open and transparent innovation process in which all relevant stakeholders can have a 
say, but at the same time a context is created in which it is very difficult for such technological 
projects to actually adopt such an approach in early phases of the project.

While the CIMBAA project has clear aims in both addressing the needs of specific farmer 
groups in India, as well as in building legitimacy for their technological product, the context 
here described leads to a ‘representation’ of farmers and their needs, instead of their direct 
‘participation’ in the project. The project has a strong stake in being demand driven, and as 
such the project is very consciously aware of its final end-users and other impacted groups. 
Moreover, the public nature of the CIMBAA project demands that the project not only 
demonstrates a good final end-product, but also shows an open and responsive attitude during 
the innovation process itself. However, there are strong disincentives for the public private 
consortium to adopt such an approach. In practice this means that the technology is tailored 
to an ‘image’ of the Indian cabbage farmer which is produced within the consortium itself, 
rather than in direct dialogue with farmers or other stakeholders themselves.

This specific observation regarding the degree and mode of stakeholder involvement in 
the CIMBAA case raises the question to what extent this experience is representative such 
technology development projects in general. The case study here presented did not find 
any objections of principle that would withhold stakeholders from playing a bigger role in 
technology development projects. What the case study did observe was a set of specific 
disincentives for the project to actively involve farmers in the early stages of technology 
development. These disincentives were related to the importance of biosafety regulation 
in this project and the vulnerability in terms of public opinion, which were in turn a direct 
consequence of the project’s work on transgenic crops. For this reason, it is to be expected that 
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in other projects working on transgenic crops, similar disincentives may occur.60 This leads 
to the conclusion that although stakeholder involvement may in principle play an important 
and useful role in such technology development projects, the specific choice to use transgenic 
technology makes direct democratic control by impacted stakeholders at least very difficult, in 
spite of the explicit aim of the project to be demand driven and responsive to farmers’ needs.

The role of intellectual property and liability

The discussion in the previous section already illustrated that although the consortium makes 
various attempts to make transgenic technology appropriate for small scale vegetable farmers, 
this does not lead to a very open and interactive innovation process. This section will focus on 
the importance of intellectual property and biosafety regulations on the setup of the consortium 
and on the central role of the seed company as main source of patented technology.

Intellectual property and freedom to operate

The role of the private sector company and its ownership of (or unrestricted access to) the 
relevant intellectual property has been an essential condition in setting up the consortium as 
it is and in realising its acclaimed intentions. One of the major challenges in developing and 
commercializing transgenics in collaboration with other institutes is making arrangements 
for the sharing of intellectual property. Bt technology for insect resistance is one of the few 
traits (next to herbicide tolerance) that has been widely applied and commercialized in GM 
crops worldwide (James 2006). As a result, the technology is subjected to a great number 
of patent claims. Although it is difficult to get a precise overview over the reach of a patent 
portfolio, the private sector company trusts that it will have access to all relevant intellectual 
property (IP) through the patent portfolio of Bayer.61 This should allow the project to develop 
and commercialize the Bt Brassica, without being dependent on negotiations with other 
companies over licensing of their patents. Importantly, CIMBAA project leaders consider this 
guaranteed freedom to operate to be more than just convenient, but as practically essential 
for the project to succeed. Their concern does not primarily relate to the development phase, 

60 In fact, research by Glover (2007) confirms that the observed mechanism of ‘representation’ rather than 
‘involvement’ is not unique for this project. He describes how the Monsanto Smallholder Programme 
also fails to substantially involve the stakeholders it claims to focus at, albeit for a different set of reasons.
61 Interviewed stakeholders mention a number of around 20 patents that apply for the development 
of Bt Brassica by CIMBAA. However, the precise number or their accessibility is hard to determine, 
for example because some patent claims are currently being contested. See also Graff et al. (2004) who 
explain that even for patented technologies it is often not entirely clear who owns what. This uncertainty 
can be cleared up in courts through patent interference cases, but these cases can drag on for years. 
Moreover, for most registered patents, there is no such scrutiny. They conclude that “as a result, the 
boundaries for a considerable expanse of technological territory are not clearly demarcated, creating 
considerable uncertainty as to when a new application could be considered to be infringing or trespassing” 
(Graff et al. 2004, p. 124).
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but the phases of deregulation and commercialization for which it is much more difficult to 
get access to patented technologies or traits. Note that this is in general a problem with the 
development of transgenic crops, but that the transaction costs in negotiating freedom to 
operate are generally relatively higher for horticultural crops because of their relatively small 
market (as compared to major crops such as maize and soybean) in which any transaction 
costs have to be recovered (Graff et al. 2004).

As has been discussed in Chapter 3, the issue of limited access to protected intellectual property 
is potentially very problematic. Any program developing biotechnologies has to negotiate 
its access to potentially protected technologies and traits, whether it is about private sector 
product development, public sector development project, or a combination of both. In this 
playing field, companies with extensive patent portfolios can use their patents as bargaining 
chips in negotiating access to the intellectual property (IP) of another company. Moreover, 
they often have the financial means to buy their way to patents they need (either by paying 
royalties, or by simply acquiring another company with valuable and interesting patents). For 
public sector programmes, getting a ‘research exemption’ for performing research on patented 
technology or traits may not be a problem. However, commercialization of the developed 
material is often not allowed, without the payment of additional royalties to the original 
patent owner. Having one private partner with access to all relevant IP is a great advantage 
because it saves a lot of time and effort in negotiating transfer agreements and potential 
royalties. In fact, while the option of inviting more private partners to the consortium has 
been discussed, the decision has been made to stick to one private partner in order to keep 
things simple and workable.

Biosafety and liability

Next to these complications raised by intellectual property rights on key technologies, biosafety 
regulations constitute an important background for projects working on transgenic technology. 
This complexity is further exacerbated because of a direct relation between the intellectual 
property of specific technologies or traits, and the liability in case anything goes wrong with 
a product in which these technologies or traits are being used.

The 1992 Convention on Biodiversity (CBD) was accompanied by the Cartagena Protocol 
on biosafety, which came into force in 2003, and which provided an international framework 
for the handling of genetically modified organisms. However, the Cartagena Protocol and the 
CBD left an important point for debate open to resolve among the member states of the CBD, 
which was to draw up a framework for liability and redress regarding the use and spread of 
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Living Modified Organisms (LMOs).62 Meanwhile, some national governments have adopted 
national liability regimes, which hold a broad view over who may be held liable. For example, 
the Nigeria Biosafety Guidelines state that “liability shall attach to the applicant, the person 
responsible for the activity, which results in the damage, injury or loss, as to the provider, supplier 
or developer of the LMOs/GMO(s) of products thereof.”63 India also has a number of biosafety 
regulations in force, but is currently still in the process of developing a national liability and 
redress framework, in line with the negotiations over international regulations.64 With respect 
to the adoption of a liability and redress regime at the international level, Sullivan notes a trend 
in arguing that liability for GMO-related harm should be imposed directly on the holders of 
patents that cover a GMO (Sullivan 2005).

This dynamic regulatory context has a very direct influence on how the CIMBAA consortium 
deals with transfer of technology and transfer of liability, as well as more indirect influences on 
the type of collaborative organisations that are preferred. Stakeholders from both public and 
private partners in the consortium report their high confidence in the safety of Bt technology 
and the reliability of the safety testing that will be done prior to commercialization in India. 
Nonetheless, even in this rather orderly and relatively simple situation with one major patent 
holder, liability is an issue, considering that the transgenic material will be licensed out to 
potentially many other public and private sector institutes that will commercialize transgenic 
Bt Brassica seeds. If the commercial release of the crop in India is allowed under certain 
conditions regarding spacing to non-GM crops, labelling, or combinations with IPM strategies, 
the failure of other parties to comply with these measures may lead to future litigation. In 
order to prevent such situations to result in liability claims against Nunhems/Bayer as original 
patent holders, efforts are being made to investigate to what extent the transfer of ownership 
of the technology to AVRDC (or another public partner in the consortium), can also imply a 
transfer of liability. While this may not relieve the private company fully of the risk of future 
liability claims, it should significantly reduce the chance.

These ongoing debates and negotiations about liability and redress regimes at both the 
international and national level have their implications for the setup of public private 
collaborations in developing biotechnologies for developing countries. Sullivan notes that “one 
can imagine disincentives for private enterprises to donate GM technology for humanitarian 
uses that would arise from a rule imposing liability on patent holders and developers of GMO in 

62 Article 27 of the Cartagena protocol. The conference of the parties agreed to complete the process of 
negotiating a framework of international rules and procedures related to liability and redress within 4 
years from the protocol coming into force on September 11th, 2003. However, at the time of writing a 
final text for this framework had not yet been agreed upon by the ‘open-ended ad hoc working group’. 
See http://www.cbd.int/biosafety/issues/liability.shtml (last accessed 17 September 2008).
63 http://bch.biodiv.org/doc/leg/nigeria_biosafety_guidelines_2001.pdf (last accessed 17 September 
2008). Quoted in Sullivan (2005).
64 See Chaturvedi and Chawii (2005) for an overview of recent Indian Biosafety regulations.
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all cases.” (Sullivan 2005).65 This may obviously complicate matters for public private consortia 
that are developing GMOs for humanitarian purposes (even when commercial incentives are 
at stake as well). Licensing essential technologies from multiple patent holders, potentially 
under humanitarian use licences66 would require all these patent holders to trust the safety of 
the project, and to be willing to take the risk of future liability issues which may in fact come 
their way, as they are the original developers of the technologies.

Implications for the structure of public private consortia

The combination of the proprietary nature of technologies and traits, and the potential liability 
of the owner in case of breaches of biosafety, can make access to technologies and traits very 
difficult indeed. The direct implications for innovative biotechnology development with a 
public or humanitarian function are that it may be very difficult to materialize creative ideas 
to develop pro-poor biotechnologies that serve a public function. The CIMBAA project 
overcomes these limitations, by partnering with a big life science corporation with an extensive 
patent portfolio. In fact, in the CIMBAA project, the match between what was indicated as 
the ‘most ideal technical solution’ for the insect problem and the intellectual property that 
was available to the private partner in the consortium, turned out to be very good. While it 
may not be impossible to partner with multiple companies with smaller patent portfolios, the 
current regulatory context in terms of intellectual property rights and biosafety frameworks 
introduces a strong preference for collaboration with only one private partner, and one that 
has access to an extensive patent portfolio.

This means that while a non-exclusive model for commercialization of the Bt Brassica will be 
adopted in the CIMBAA project, the case study simultaneously illustrates how the position 
of biotechnology companies and seed breeding companies in fact remains very central. In 
this specific project, the ownership of key patents may no longer be used to enforce a market 
monopoly on the level of seed sales, the exclusive ownership over the Bt patents does structure 
the setup of the public private partnership in a way that very much legitimates the central 
position of the owner of the relevant intellectual property. The fact that the Bt technology 
is made available under a humanitarian use licence for this project does not change that 
observation.

65 Louwaars (2005) has voiced a similar concern.
66 See Chapter 3, the section on ‘Challenging the trend towards limited access to technologies and new 
varieties’, Brewster (2005), or Louwaars (2007, p. 129) for an elaboration of the concept of a humanitarian 
use license.
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Discussion – Farmers as recipients of technology

Evaluating a project like CIMBAA is difficult and tricky, because it strongly depends on the 
perspective that is taken and the questions that are asked. What is a public private consortium 
like this supposed to respond to? What is it supposed to deliver? Like stated in the introduction 
to this chapter, this case study is not evaluating the project in terms of successfulness of the final 
technological solution, nor making an argument pro or against the use of GM crops. Instead, 
the case study has been motivated by an interest in how a project like CIMBAA interprets 
and operationalizes what it means to deliver an ‘appropriate’ technology for resource poor 
farmers in India, and to what kind of adaptations and reconstructions that may lead. This has 
led to a primarily descriptive and reflexive presentation and discussion of the project, rather 
than to a discussion of concrete ways to improve the project in a practical sense. Nonetheless, 
the discussion does indicate in what ways the project can be very flexible and oriented at the 
problems of resource poor Indian vegetable farmers, and in what ways the project is caught 
up in structural trends that are much harder to challenge or change.

Appropriateness in the CIMBAA consortium

For CIMBAA, appropriateness is defined in different ways, some more explicit than others. In 
terms of the technical functioning of the technology, it is crucial that the transgenic cabbage 
has to exhibit effective insect resistance in a way that does not lead to a quick resistance of the 
Diamondback Moth to the Bt endotoxin. In other words, whatever technology is developed, it 
should be able to deal with the problem of insect infestation in cabbage production. Moreover, 
the final product has to be available for, and work economically for resource poor Indian 
vegetable farmers. This puts limits on the pricing of the seed of the new cabbage variety, 
and on the production with or without non-transgenic refugia. These criteria are translated 
both into the design of the dual Bt gene construct, as well as in the non-exclusive strategy for 
commercialization of the cabbage seed. While the dual Bt gene construct – at least theoretically 
– eliminates the need for refugia, the non-exclusive commercialization strategy allows for a 
differentiation in the market in which Nunhems can choose to develop high quality hybrids for 
farmers who can afford them, while other companies or public sector institutes can develop 
cheaper varieties with the same insect resistance, but not using Nunhems elite germplasm 
as ‘genetic background’, nor the advanced seed production and coating facilities. This market 
differentiation is expected to make the technology available for small scale and resource poor 
farmers as well.

These criteria for appropriateness for CIMBAA mainly focus on the product that is developed. 
The transgenic cabbage should be effectively insect resistant, cheap, safe, and commercially 
interesting for resource poor, smallholders. In addition, some attention goes out to the 
appropriateness of the process of innovation. For example, in order to increase the credibility 
of the safety testing, this part of the project is emphatically outsourced to the public sector 
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institutes in the consortium. This way, the consortium aims to avoid any accusations that safety 
testing by a private company is biased because of the commercial interests at stake. Secondly, 
the release and commercialization of the transgenic cabbages is planned to be accompanied 
by a ‘stewardship’ programme which is supposed to monitor resistance build up by the insect, 
and continue working on new generations of the insect resistant crop. This means that the 
innovation does not end with a product entering the market, but is conceptualized as an 
ongoing process of monitoring and renewal.

But especially in terms of the innovation as ‘process’, some questions emerge. First of all, in 
order to increase the enthusiasm and acceptance of the technology by farmers, the project is 
argued to be demand driven, i.e. responding to a clearly perceived need for insect resistant 
cabbages by Indian farmers. This may be true, since it does take a widely perceived problem 
in cabbage cultivation as starting point, but then it externalizes the process of defining what 
exactly is the problem, and what trajectories can be followed to address it. In fact, while the 
project undeniably contributes a potential solution to the DBM problem in India, the history of 
its creation suggests that it is much more inspired by the perceived potential of Bt technology 
– and hence technology-driven – than informed by the perceptions of farmers, consumers 
and civil society organisations in India. In other words, the project may be demand driven, 
but it still is rather top-down in its approach. This perception of the consortium is further 
confirmed by the limited scope of stakeholder involvement in the early stages of the project.

The consequence is that the transgenic cabbages developed by CIMBAA may respond to the 
insect problem in a technically effective way, but one that fits the perspective of an external seed 
supplier like Nunhems. That is not to deny that a win-win situation can exist where farmers 
are helped in their cultivation, and Nunhems secures an interesting Indian seed market. 
However, this approach to finding a solution for insect infestation does potentially exclude a 
wider range of approaches that might have been possible. Whether alternative approaches to 
solving the DBM problem are possible is in fact a point of debate. CIMBAA project leaders 
legitimate the project by arguing that integrated pest management approaches have been 
tried, and have failed to control the DBM infestation in cabbages. This would mean that apart 
from stopping cabbage cultivation outside of the highland areas of India, the only solutions 
are the extensive spraying of pesticides, or the development of host plant resistance. Indian 
NGOs working in agriculture and developing non-pesticidal cultivation methods challenge 
that representation of the problem, and in interviews have argued that a diversification in 
production and the use of organic pest control methods cán in fact provide successful ways 
of managing insect infestation.

The question whether alternative solutions to transgenic host-plant resistance would have 
been possible and feasible goes beyond the scope of this chapter and this research. Moreover, 
even if a consensus would be reached that the transgenic cabbages are technically the most 
ideal solution, care should be taken not to let the outcome legitimize the process. The main 
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point of interest for this thesis is the way in which the project has operationalized the notion 
of ‘appropriate development’, and what this means in terms of restructuring social relations 
of production and innovation. As demonstrated, the approach adopted by CIMBAA strongly 
focuses on providing an excellent technical solution, but does so by taking the technology 
development in house and leaving local stakeholders with a very limited role in the process. 
This at least applies to the development of the transgenic crop. In later phases of the project, 
the innovation process is likely to become more interactive, when the crop is evaluated in 
an integrated pest management setting. This is not only expected to make any type of host 
plant resistance less vulnerable to insect resistance build up, it also implicitly acknowledges 
that there are multiple points of innovation in process of solving the insect infestation, which 
require the innovative capacity of farmers and agronomists, next to the products of a seed 
breeding company.

Supporting the prominent position of the technology developer

The case study has demonstrated that the project consolidates rather than challenges the 
central position of the seed company in the future production of vegetables in India. The 
release of open-pollinated varieties instead of hybrid seeds has been discussed, but dismissed. It 
should be noted that the focus on a vegetable crop, rather than e.g. cereals is of relevance here. 
Like aforementioned, it is highly uncommon for Indian cabbage farmers to produce their own 
seed, meaning that the project does not lead to a further externalization of the seed supply, but 
merely consolidates a situation that was already there. However, while the external provision of 
vegetable seed is not new, the introduction of transgenics in this vegetable production system, 
with the accompanying biosafety regulations and technical control, does have an interesting 
repercussion for the strategic position of Nunhems. For example, the requirement to only 
release cytoplasmatic male sterile hybrid seed is relatively advantageous for seed companies 
– like Nunhems – with strong technical capacities, as compared to their competitors without 
such facilities. This means that the project does not shift seed production from farmers to a 
seed company (which has already happened in the past with the commercialization of vegetable 
production), but it does introduce a bias for the production of seed by companies with rather 
advanced technical facilities. In terms of a mechanism of ‘appropriationism’ – as discussed in 
Chapter 3 – these observations imply that no further commodification of a previously public 
good takes place, but that the material design of the transgenic and CMS hybrid seed does 
allow the seed developer to claim a prominent position in the future vegetable production 
system. In other words, it highlights the social meaning of the technological design in terms 
of the relative importance of the seed developer in the vegetable production system.

Finally, the CIMBAA case study has demonstrated the crucial role of intellectual property 
arrangements, although the precise evaluation of this case study with respect to a trend of 
increasingly strict intellectual property protection depends strongly on the questions asked. On 
the one hand, the public private partnership between Nunhems/Bayer and the public research 



116  Reflexive biotechnology development

Chapter 4.

institutions has meant that proprietary technology has become available for this project, and 
hence for the development of plant biotechnology for resource poor farmers. This may be 
taken as an example of how public private partnerships can break open the sometimes clogged 
patent landscape, and facilitate the transfer of technology from multinational biotechnology 
companies, to resource poor farmers. At the same time, the ownership structure itself has 
not been challenged by this project, as proprietary technology has become available for 
the CIMBAA project, but has not been donated to the public domain. This means that the 
commercialization of transgenic cabbages outside of India, or the use of the same technology 
in other crops, can still be restricted by the patent holder. Moreover, the importance of the 
patent holder has been confirmed with respect to the institutional setup of the CIMBAA 
consortium. The observation that negotiating licences and royalties with more than one 
patent owner would greatly complicate matters for the consortium has been a crucial reason 
to involve Nunhems seeds as the only private partner in the consortium. This reconfirms 
the central and powerful position of biotechnology companies with a large patent portfolio.

In conclusion

The chapter discussed how adaptation of transgenic technology has taken place to make 
the technology appropriate for the specific objectives of the CIMBAA consortium. This has 
led both to rather straightforward instrumental adaptations, as well as to a more profound 
reconstruction of the social meaning of transgenic crops by making it more effectively 
available for small-scale Indian vegetable farmers. However, at the same time, the agricultural 
development spurred by the CIMBAA project remains a largely externally designed affair 
which is determined by an indirect representation of Indian vegetable farmers and critical 
NGOs, rather than by their direct involvement. This demonstrates how the project is to a 
large extent determined by the desire to embed the vegetable seed company in the production 
system, although in a new and innovative way. The upcoming two chapters will discuss case 
studies with entirely different dynamics and rationales, in which the projects do move beyond 
an indirect representation of farmers and other local stakeholders, and more extensively aim 
for their direct involvement in agro-technology development.
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Chapter 5 
Reconsidering the role of potato farmers in breeding and 
multiplication – Experiences of the International Potato 
Centre

“Our business is to produce knowledge and new technologies. Probably the 
technology that will contribute most to the Millennium Development Goals 
are improved varieties. Given the size of our budget, and our recognition of the 
potential for impact, that would be it.”

(anonymous CIP research manager, June 2007)

Introduction 67

One of the points clearly illustrated by the previous chapter, discussing the work of the CIMBAA 
consortium, was that the objective to develop technology for resource poor smallholders may 
have repercussions for technical design, and conversely that technical design may reflect the 
priorities and strategies of a specific project. This chapter discusses a different case study in 
which plant breeding is also used and adapted to serve farming systems of resource poor 
farmers, but in which the dynamics of adaptation are quite different. Perhaps most crucially, 
the case study in this chapter demonstrates that making technological development appropriate 
does not necessarily require a profound technical redesign, but may strongly depend on the 
‘sociotechnical ensemble’ of new crop varieties, breeding approaches, marketing strategies, 
and other ways in which a technology is embedded in a specific project for agricultural 
development.

Concretely, this chapter will focus on the work of the International Potato Centre (Centro 
Internacional de la Papa, CIP) in Peru, and it is attempts to develop improved potato varieties 
for potato farmers, both in the Peruvian Andes as well as in other parts of the world. In contrast 
to the CIMBAA case study presented in the previous chapter, the work of CIP is entirely 

67 This chapter is largely based upon material previously presented at Tailoring Biotechnologies 
conference: “Redesigning Agro-Biotechnologies for Development?”, Kyoto, 3-5 November 2007. The 
accompanying paper is published as Vroom, W. (2008). ‘International agricultural development as 
contested ground: Three levels of resistance and reconstruction’. In: Ruivenkamp, Hisano and Jongerden 
(eds.) Reconstructing Biotechnologies, Wageningen Academic Publishers, Wageningen. 
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publicly funded. This means that private sector interests or intellectual property issues do not 
play a significant role in this case study of the breeding work of CIP. Still, the institute does 
encounter a lot of difficulties that require it to make choices in its work, reconsider its role in 
the innovation system, and to set priorities.

One of the defining aspects of the work of CIP is that it is captured in a field of tension between 
breeding and releasing improved potato varieties, and a concern over the loss of traditional 
potato varieties that constitute an extremely rich source of potato genetic diversity. To put it 
bluntly: the more successful the adoption of newly released varieties, the quicker and completer 
the loss of these traditional varieties is expected to be. Interestingly, the loss of agricultural 
biodiversity is perceived as a problem from different perspectives, both from the perspective 
of an industrialisation of agriculture, as well as from the perspective of a non-industrializing 
agriculture. However, for the first, traditional varieties are primarily a source of genetic diversity 
for future breeding, while their cultivation in itself represents little added value. Therefore, the 
conservation of traditional varieties is crucial but can be done through collection and storage 
in seed banks, or through the ongoing cultivation of traditional varieties on small plots of land. 
However, from the perspective of a non-industrializing agriculture, crop genetic diversity can 
be a crucial characteristic of the farming system itself, and in addition represents an important 
culinary and cultural resource for indigenous communities. Therefore, rather than settling for 
a limited conservation of biodiversity, the question is to what extent it is possible to challenge 
the bias in breeding or agricultural development towards a homogenization of the farming 
system and the varieties that are being cultivated.

In summary, there may be a widely shared interest in maintaining or conserving agricultural 
biodiversity, but there are important differences in the reasons underlying this common goal, 
which lead to different approaches for the conservation of crop genetic diversity. This raises the 
question what kind of conservation strategies are being followed by CIP, and why. Concretely, 
the question arises whether and how the work of CIP reflects a specific approach to agricultural 
development, treating biodiversity as a commodity, or as living concept underpinning peasant 
based production systems.

In addition, the case study addresses the replacement of informal, farmers’ seed systems by 
more formal and commercialized potato seed systems. Potato is a vegetatively propagated 
crop, meaning that farmers can use part of their potato harvest as ‘seed potatoes’ for the 
next season. This would make farmers and farmer seed systems potentially self-sufficient, if 
it were not for the build up of viruses in potatoes over the generations, and the subsequent 
‘degeneration of potatoes’. Dealing with virus infestation presents farmers and CIP with the 
dilemma whether to outsource the production of virus-free seed potatoes, or to look for ways 
to empower farmers in their own virus-free production of seed potatoes.
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Finally, the chapter will briefly discuss how the reception and use of genetic technologies is 
not only determined by their technical function or material design, but also by the discourse 
that surrounds them. By discussing the controversy in the development of transgenic potatoes, 
and the representation of molecular fingerprint data in a remarkable way, the last section of 
the chapter demonstrates how CIP deals with the cultural connotations of new technologies, 
and in some cases is able to influence those connotations in a creative and innovative way.

In conclusion, the case study presented in this chapter does not focus on a single project, 
but on a set of initiatives developed by the institute that engage with the problems of potato 
production in different ways. Together, they provide a picture of a research institute that 
is struggling with the tensions in its work, and is looking for innovative and creative ways 
to combine the potential of modern plant breeding, with the richness of traditional potato 
varieties and seed systems. This requires adaptation and creativity in a variety of ways, but 
does not always require entirely different technologies. Instead, as will be discussed, essentially 
similar technologies may represent entirely different approaches to agricultural development, 
depending on the project and discourse in which they are embedded.

The International Potato Centre – Producing global public goods for 
potato farmers

The International Potato Centre (CIP) is one of the international public sector research centres 
of the Consultative Group on International Agricultural Research (CGIAR) that works on 
a specific set of mandate crops (potato, sweet potato and a collection of Andean roots and 
tubers) and attempts to develop ‘global public goods’ primarily through releasing improved 
breeding material. The notion of ‘global public goods’ is central to the work of all CGIAR 
institutes and implies first of all that the research outputs remain in the public domain, and 
are therefore freely accessible, and secondly that its research is in principle relevant for a wide 
range of contexts of application, rather than focusing on a very specific localized problem. The 
location of the centre in Peru –the centre of potato domestication and home to some 4,000 
potato varieties (Spooner et al. 2005) – is by no means coincidental. However, the primary 
target areas and people for CIP are not necessarily in Peru or even South America. Potato and 
sweet potato are cultivated in large parts of Africa and Southeast Asia too, where the potential 
impact of improved varieties may be much bigger than in the highly diversified Andean 
potato systems.68 Nonetheless, CIP greatly benefits from the natural potato biodiversity of 
the Andean region as a resource for their breeding work, and devotes significant attention 
to potato production in the Andean region in South America. The institute is involved in a 
number of programs to alleviate poverty and hunger among potato producers in the High 

68 See CIP’s World Potato Atlas with maps of global production and average yields at http://research.
cip.cgiar.org/confluence/display/wpa/Home (last accessed 17 September 2008).
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Andes, as well as in projects aimed at in situ conservation of potato genetic diversity (e.g. 
CIP and CIDA 2006).69

Like other CGIAR breeding institutes, CIP has a specific position in the ‘agricultural 
innovation system’, which is relatively upstream but still clearly committed to doing ‘research 
for development’. That means that the institute does not invest heavily in e.g. large scale 
genome sequencing programmes which are considered to be too far away from application in 
developing world potato farming. Instead, CIP is involved in genetic research to specific traits, 
like disease resistance, and is using that knowledge for pre-breeding programmes. The institute 
aims to develop biological material (‘germplasm’) that contains interesting traits for potato 
farmers. On a national level, CIP works together with national agricultural research institutes, 
like INIA (Instituto Nacional de Investigación Agraria; National Institute for Agricultural 
Research) in Peru. While CIP develops biological material with new and potentially interesting 
characteristics, it is these national institutes that have breeding programmes for specific 
varietal development, tailored to the conditions and preferences in the respective countries. 
While CIP provides new parental material for such downstream breeding programmes, they 
cross the new (resistance) traits into locally adapted germplasm.

For the development of potato germplasm with new resistances or other interesting agronomic 
characteristics, CIP relies on a range of traditional breeding techniques, as well as more 
advanced marker assisted selection methodologies. Research to the genetic mechanisms 
behind resistance traits are an important aspect of the work at CIP, for example involving the 
use of DNA array technology. Moreover, the institute has been experimenting with transgenic 
potatoes, and has especially been considering to introduce Bt insect resistance (Ghislain et 
al. 2003; Buijs et al. 2005). Concerns over outcrossing with wild relatives and negative public 
perception have made the institute decide not to release transgenic material in Peru, the 
centre of domestication for potatoes (CIP 2007). However, transgenic technology may still 
play an important role in future attempts to reduce insect infestation in potato and sweet 
potato production in Africa and Asia.

For CIP, the use of genetic technologies in breeding – whether transgenics or marker assisted 
selection methods – is an integral part of the wider breeding efforts of the institute. Molecular 
markers and other genetic technologies greatly facilitate the understanding of genetic 
mechanisms, and the selection for specific traits. Still, traditional breeding remains essential 
to select for useful parental material to release to varietal breeding programmes. The distinction 
between traditional breeding and molecular breeding therefore more or less dissolves in the 

69 In situ is Latin for ‘in its place’. In the context of the conservation of genetic diversity, in situ conservation 
means that traditional varieties are conserved by their cultivation in farmers’ fields or in designated 
parks, instead of collected and kept in seed banks (which would be away from the original context, and 
therefore ex situ).
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work of CIP, and in its approaches. More relevant than the technological basis of new traits 
is the choice of traits that CIP breeding programmes work on, the precise understanding of 
resistance mechanisms in order to achieve sustainable host plant resistance against viruses, 
and the way in which new improved varieties will fit into current farmer production systems.

Because of the importance of matching new varieties with the preferences and production 
systems of farmers, the institute has a tradition of, and some renewed interest for involving 
various stakeholders, and notably farmers, in its breeding work (Thiele 2000; Thiele et al. 
2001a,b). Moreover, it is investing in more reflective, sociological research into agricultural 
innovation systems, and agricultural knowledge and information systems (AKIS) (Ortiz 2006).

The challenge of developing appropriate new potato varieties

The question of what constitutes appropriate biotechnology in the work of CIP, is complex 
considering the wide diversity of projects that CIP is involved in, and the global perspective 
of the institute. CIP works for potato farmers in completely different regions in the world, 
who farm under different agro-climatic circumstances, with different production systems, 
and encounter different problems. The uptake of new varieties has traditionally been most 
successful by farmers with a strong market-orientation, who cultivate potatoes in relatively 
large scale and homogeneous plots, and are able to invest in some fertilizer and pesticides 
to protect and increase their production. This is the kind of production system in which the 
external supply of high-quality improved potato seed is remunerative and an approach of 
agricultural industrialisation generally is economically attractive for farmers. However, this 
is only a small subset of all potato farmers, especially in the Andean region of South America 
(Thiele 1999).

Peru is the centre of domestication of potatoes, and for that reason harbours an immense 
genetic diversity in potato landraces. The country has a long history in potato farming, which 
is argued to go back to 5,800 BC (Pickersgill and Heiser 1978; Weatherford 1988). The harsh 
conditions in the high Andes, in terms of weather conditions as well as the sometimes virtually 
vertical pastures, have traditionally led to a potato production system that is more than 
anything geared towards resilience and adaptation to variation (Halloy et al. 2005). In these 
traditional production systems, a high degree of agricultural biodiversity allows for adaptation 
of agricultural cultivation to the sometimes sharply contrasted micro-climates, and makes sure 
that at least a significant portion of the harvest survives climatic peculiarities of every year. 
Jan Douwe van der Ploeg described how this system of indigenous potato cultivation is like 
a ‘craft’, in which generations of experimenting farmers have been able to match the varying 
climatic conditions and soils with the variety in potato landraces, leading to a system that is 
exceptional in terms of productivity and sustainability, given the environmental conditions 
(Van der Ploeg 1993).
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In his book ‘The Botany of Desire’, Michael Pollan (2001) compares this system to contemporary 
western production models where agricultural conditions are essentially controlled in order 
to fit the most desired crop variety. He argues that generally, modern breeding programmes 
are geared to a western style production system in which the most desired variety is chosen 
in terms of productivity and quality characteristics, and the growing conditions can be largely 
controlled. An additional very important characteristic of this type of farming today is the 
social insurance and subsidy systems which allow farmers to take a bigger risk in cultivation, 
leading to higher productivity, and providing a backup in case of harvest failures. This is a 
luxury most farmers in less developed countries do not have, changing the priority from the 
highest possible productivity to having a resilient system in the first place. As a result, the 
traditional Andean potato system primarily relied on a high degree of biodiversity to cope 
with an environment that is very difficult to control.70

It should be noted that the traditional Andean potato production system as described here 
has largely disappeared in many areas in the Andes. Many Andean potato farmers have lost 
much of their potato biodiversity as market preferences have led to the dominance of only a 
few varieties. These include both ‘cosmopolitan’ landraces, as well as improved varieties from 
potato breeding programs. In large parts of Ecuador, Bolivia and Peru, today farmers mainly 
cultivate only one or two potato varieties, instead of the sometimes ten or twelve per plot 
in a traditional potato farming system.71 A notable exception includes the Peruvian region 
Huancavelica where still a large on farm biodiversity can be found (CIP and FEDECH 2006).

The existence of such different potato production systems illustrates that breeding and the 
release of new potato varieties strongly depends on the agricultural production systems that 
is supported or taken as starting point. The core of the issue lies with the question whether 
agricultural development in the Andean potato production system inherently requires a 
replacement of traditional production systems by a more homogeneous industrial model, 
or whether a non-industrializing approach can be followed. Such an approach might, for 
example, be characterised by linking formal with informal seed systems, and a combination 
of elements of a market-oriented production system with the richness in functions of the 
traditional potato production system.

70 This does not imply that the ancient Peruvians did not attempt to control or modify their environment. 
The extensive terracing of the Andean slopes bears witness to the degree to which farmers were in fact 
able to adapt their natural environment, making it more fit for agriculture.
71 Personal communication with Graham Thiele.
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Challenging a trend towards genetic erosion in potato cultivation in the 
Andes

Agricultural biodiversity is widely recognized to be a key resource for international food 
production and plant breeding (Hoisington et al. 1999). In fact, the breeding of modern 
improved varieties essentially depends upon the genetic diversity found in potato landraces, 
especially when a breeder is looking for the introgression of new traits. To some extent, 
this has also changed the perspective on agricultural development. From a focus on the 
introduction of a limited number of improved varieties and a homogenized production 
system (in terms of genetic diversity and cultivation practices), increasing concern is going 
out to the replacement of landraces by improved varieties, and the in situ conservation of 
landraces is gaining in importance (Brush 2000).72 CIP is also aware of the tension between 
releasing improved potato varieties (which tend to displace traditional landraces), and the 
importance of conserving crop genetic diversity. Like most CGIAR institutes, CIP has always 
been active in collecting and conserving the available diversity in potato varieties in its seed 
bank, which constitutes a first contribution to address the loss of traditional potato varieties. 
In addition, CIP is involved in more recent initiatives for the in situ conservation of potato 
varieties, like in the Peruvian Potato Park. In this Park, six communities of Andean potato 
farmers maintain a wide diversity of native potato varieties. The Park is located in an area 
known as a microcentre of origin and diversity of potatoes, and is an important experiment 
in the in situ conservation of potato diversity, right in its centre of domestication (ANDES 
and IIED 2005).73 These initiatives are primarily aimed at conserving what already exists, in 
a somewhat dynamic (Potato Park) or more static way (seed bank).

More challenging and complex are initiatives to reconsider breeding programmes and potato 
cultivation in order to counter the trend towards a narrowing down of on farm genetic diversity. 
Like mentioned, while the traditional Andean potato production system was characterised 
by a great diversity in traditional potato varieties, today many potato farmers have chosen 
to specialize on a very limited number of potato varieties for the market. In this context, it 
is crucial to acknowledge that the decision to shift from the production of traditional potato 
landraces to modern improved varieties ultimately lies with the potato farmer. A whole range 
of reasons and factors may play a role in such decisions and a better understanding of the 
motivations for farmers to cultivate potatoes and to maintain potato diversity is an important 
precondition to formulating strategies to prevent the loss of this diversity. Some research in 
this direction is being conducted, and in general, the degree of market integration of Andean 
potato farmers appears to be an important factor for the specialization on 1 or 2 improved 

72 The concept of ‘in-situ conservation’ refers to the conservation of traditional varieties through their 
ongoing cultivation in their natural habitat, in contrast to ‘ex-situ conservation’.
73 See also http://www.parquedelapapa.org/ for more specific information (last accessed 17 September 
2008).
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varieties that fit the need of urban consumers or the potato processing industry.74 Having 
said that, even farmers well integrated in market-oriented production still appear to maintain 
a significant amount of potato variety on parts of their lands. In fact, a study conducted by 
Stephen Brush compared two Andean valleys with potato producers with different levels 
of market integration, and found that farmers in the most ‘modernized’ valley on average 
cultivate more different varieties of potatoes, than the farmers in the more traditional valley 
(Brush 1992). However, it should be noted that these potatoes are grown on small areas and 
are therefore more vulnerable to random accidents and loss of diversity. While the interests of 
farmers to keep cultivating a limited set of traditional varieties limits the loss of total genetic 
diversity, important changes in crop population structure have clearly taken place.

Research is ongoing into the motivations of farmers to maintain this diversity in traditional 
landraces next to their more homogenized commercial production. Preliminary findings 
suggest that traditional potato landraces are an important private resource for Andean potato 
farmers who value the variation in their diet which is dominated by potato consumption. 
Moreover, potato landraces are used as exchange material and gifts, and are as such associated 
with indigenous Quechua identity.75 Thirdly, like already mentioned, on farm agricultural 
biodiversity has an important function in raising the resilience of the traditional potato 
production system in high risk cultivation areas. Many of the traditional potato varieties are 
known for their hardiness in difficult climatic conditions. In a context in which the reliability 
of a harvest is more important than sheer productivity, the resilience of individual potato 
varieties, and of the farming system as a whole is of utmost importance. This demonstrates 
that, next to market value, there is an entirely different set of arguments (cultural, risk avoiding) 
that farmers take on board in choosing which potatoes to plant. These different motivations 
for potato cultivation imply that there is a certain scope for the hybridization of traditional 
and modern production systems.

While it is important to acknowledge that the considerations of farmers which potato varieties 
to cultivate is not something that can be controlled by CIP, two strategies emerge that can be 
followed to reduce the genetic narrowing down of cultivated potatoes. First, reconsidering 
breeding strategies to produce a more diversified output of improved varieties. And second, 
reconsidering market strategies to challenge the inherent bias to homogenized production. 
Instead of collecting and conserving all biodiversity in seed banks or potato parks, these 
options could in fact make the dynamic of potato breeding and cultivation more diverse. 
However, they are merely theoretical propositions. Is an institute like CIP indeed capable of 
putting such ideas in practice?

74 Personal communication with Graham Thiele.
75 Personal communication with Stef de Haan.
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Breeding for diversity

Traditionally, breeding is an affair in which a selection takes place in wide and diverse 
population of (in this case) potatoes. By crossing different potatoes and making selections, 
the most suitable potato for a specific production system is developed, selected, and taken 
further for commercialization. This process inherently means that from the available amount 
of diversity, only a very limited set of genes is selected for, and will be released for commercial 
cultivation. Moreover, traditionally a preference has existed for producing a widely popular 
variety, which has its roots in an incentive structure in which a breeder would be credited for 
the popularity and wide adoption of ‘his/her’ variety (Louwaars 2007, p. 41). This means that 
not only the breeding process itself would narrow down the genetic diversity, but that the 
marketing of new varieties also has a bias to a limited amount of highly popular and widely 
adopted varieties. This by the way is by no means specific for potato, but true for commercially 
cultivated crops in general.

However, this dynamic of breeding programmes and their bias towards a very narrow output 
can be challenged. There are two activities of CIP that demonstrate that the institute is 
committed to increasing on-farm biodiversity, and how it can practically contribute to that 
goal. First, both CIP and INIA (who is responsible for the varietal development on a national 
level in Peru) are engaged in participatory variety selection trials, that aim to involve farmers 
in the selection of new potato varieties. In these trials, farmers get to evaluate a number of 
new potato varieties with potentially new and useful traits. From the e.g. 10 varieties that 
farmers receive for evaluation, they may choose perhaps 2 or 3 for official variety release. 
The use of participatory selection or breeding programmes has been discussed in terms of 
improving seed provision to small-scale farmers (Almekinders et al. 2007). However, they 
may also have a function in widening the output of breeding programmes. For example, non 
selected varieties that are not officially released, commonly stay in use by the communities 
involved in evaluation, and after a couple of growing seasons they may prove to have other 
useful traits which make them more popular. Moreover, it is quite common for such trials to 
lead to different ‘best varieties’ that are selected in different communities. In other words, the 
system explicitly allows for regional and cultural differentiation in preferences of new potato 
varieties. This is in line with the argument that participatory plant breeding methodologies may 
encourage the maintenance of more diverse, locally adapted plant populations, to encourage 
the in situ conservation of crop genetic resources, and to lead to the enhancement of genetic 
diversity (Witcombe et al. 2001; Morris and Bellon 2004).

In spite of this generally promising potential of participatory breeding methodologies, an 
important dilemma lies in the question at what stage to involve farmers. For example, CIP 
scientists perceive a difficulty in releasing some diversity to farmers, which allows them 
to actually make a meaningful selection, but preventing the release of too much diversity, 
which would make it impossible for farmers to efficiently select, meaning that potentially 



126  Reflexive biotechnology development

Chapter 5.

useful material might get lost. In that context it is helpful to refer to a paper by Morris and 
Bellon (2004) who identify different modes of participatory plant breeding, in which the 
responsibility of different stages in the breeding process (selection of source germplasm, 
pre-breeding, cultivar development and varietal evaluation) lie with farmers, scientists, or 
both. In between the extremes of farmer-led traditional breeding and scientist-led ‘scientific 
breeding’, they identify three models: (1) complete participatory breeding in which farmers 
and scientists are both engaged in all stages of the process; (2) efficient participatory breeding 
in which farmers are only involved in the selection of source germplasm and the evaluation 
of varieties; and (3) participatory varietal selection in which farmers are only involved in the 
most downstream part of varietal selection. While they argue that it is impossible to say which 
model is most ‘optimal’ in general, they do raise the point that farmers can have very useful 
experience and capacities in identifying source material for new breeding programmes, and for 
varietal selection. Whether farmers can contribute something meaningful to pre-breeding in 
which mainly material is generated that contains the desired trait, is questionable. Like Morris 
and Bellon (2004) argue, the question of which model for participation is most appropriate 
depends on a range of factors, including the characteristics of the crop. For potato, this is 
extremely relevant since the crop is clonally propagated. This means that farmers are used to 
dealing with the tubers, rather than with the botanical seed of potatoes. It is therefore difficult 
to involve farmers in making crosses. Moreover, potato has a complex genetic base, requiring 
a large amount of crosses in order to develop germplasm with a desired trait into a cultivar 
that is fit for agricultural cultivation.76 These factors mean that farmers are likely to have a 
meaningful contribution in some parts of the breeding process (notably in the identification 
of interesting parent material and in the selection and evaluation of new varieties), but that 
interviewed breeders and scientists at CIP but generally don’t consider ‘complete participatory 
breeding’ to be a feasible or preferred model for potato breeding.

Next to the question of which stages to involve farmers in, a question arises over the traits that 
farmers can effectively evaluate. While farmers may be very good in evaluating what varieties 
are useful for them, sometimes a trait like disease resistance may look very appealing during 
a trial, but may not be very durable in the field. Breeders can make this distinction between 
vertical resistance (strong but in general not very durable) and horizontal resistance (much 
more durable). For farmers it is in practice impossible to make such a distinction. A similar 
problem emerges in breeding for the processing industry, in which a trait such as the sugar 
content of a potato is crucial. This is also practically impossible for a farmer to evaluate, 
without the scientific help of a breeder. These examples illustrate how farmer selection is 
absolutely important, but also has its limitations. Therefore, rather than completely delegating 
variety selection to farmers, these trials create a domain in which the expertise and science of 

76 Potato is a tetraploid species, making potato genetics much more complicated, and breeding more 
time consuming than in most other crops that are generally diploid.



Reflexive biotechnology development  127

 Reconsidering the role of potato farmers in breeding and multiplication

formal breeders can be combined with selection by farmers, the combination of which may 
be expected to work best in really improving agricultural production.

Participatory breeding exercises have to deal with an additional challenge, which is the lack 
of credibility and statistical foundation of non-standardized farmer trials. This can lead to 
problems for the formal release of a new and promising variety, and is even reported to 
undermine the confidence of farmers themselves in participatory selection trials (Morris 
and Bellon 2004). Some traits that farmers select for have to deal with appearance or culinary 
value. These traits may be considered to be subjective and are therefore hard to substantiate. 
Still, for many other traits, a robust but flexible methodology can address this concern. For 
example, CIP is experimenting with a methodology of ‘Mother-Baby’ trials, which has been 
developed by another CGIAR institute (CIMMYT)77, and in which a centralized trial under 
reproducible conditions is complemented with a series of satellite trials by farmers (Snapp 
1999). The variety of different evaluations from the farmer trials are backed up by statistically 
sound data from the Mother trial, which allows the formal release of newly selected varieties. 
Although the methodology can be applied in different ways with different outcomes, this 
kind of breeding strategy potentially allows for a much wider range of new varieties that will 
be released, in a much less prescriptive manner, than when a single best-performing variety 
is released.

Participatory breeding exercises may be an important way of providing farmers with a more 
diverse set of varieties, adapted to their versatile production system, and encouraging on 
farm biodiversity. In addition, next to breeding, CIP has been involved in the ‘repatriation’ 
of traditional landraces from its genebank to farmer communities who have requested such 
seed to replace ‘lost’ local landraces (De Haan and Thiele 2005). This repatriation of potato 
varieties from the CIP genebank may be an additional way of challenging the loss of traditional 
varieties and their replacement by a limited number of improved varieties. Concretely, CIP 
is involved in a number of projects to improve livelihoods of potato farmers in the High 
Andes. As part of one of these programmes, ALTAGRO78, CIP has provided a range of potato 
varieties with different characteristics that were available from the CIP genebank and from 
previous breeding programmes. This means that no special breeding programme has been set 
up for this project, but that merely the existing diversity in potato varieties was scanned for 
potentially useful material. What is significant about this project is that a relatively wide range 
of material has been released. A CIP breeder identified four groups: (1) native based material 
with the flavour and quality characteristics that were likely to meet local preferences, with 

77 CIMMYT = ‘Centro Internacional de Mejoramiento de Maiz Y Trigo’ (International wheat and maize 
improvement centre).
78 ALTAGRO is a CIP project for ‘Andean Agriculture in the Altiplano’. See http://inrm.cip.cgiar.org/
altagro/ for more information about the project (last checked 11 December 2008).
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relatively high yields, and substantial resistance against late blight disease79; (2) frost tolerant 
potato varieties from a previous breeding programme; (3) early maturing varieties which are 
not particularly resistant to late blight, but because of their early maturing characteristic can 
escape major stresses like drought and frost; and (4) native potato varieties with relatively 
high yields and favourable processing characteristics, making them suitable as input for the 
processing industry. From every group of varieties, some 20 clones were released to farmers 
for participatory varietal selection. Probably none of the potato varieties mentioned present 
the perfect potato; if resistance characteristics are favourable, the quality or taste of the potato 
may be less appreciated. However, this approach of releasing a wide range of potatoes with 
different characteristics does support a production system in which something is likely to 
survive in difficult circumstances (like extreme frost), and in which quality characteristics 
for local consumption are complemented by quality characteristics for a distant processing 
industry.

All in all, the release of a wider range of potato varieties – either through participatory 
breeding, or repatriation schemes – means that formal breeding programmes can potentially 
better cater for a potato production system in which the diversity in varieties is essential to 
match the diversity in climatic circumstances and soil conditions. This strategy implies a 
significant departure from a homogenization of production through the release of a limited 
number of widely performing improved varieties. Clearly, a tension remains in such strategies. 
The point of breeding is to select for useful potato varieties that can have an added value for 
potato farmers. The point of a release and certification system is that officially released potato 
varieties are of an controlled and tested quality, which farmers can safely invest in. Releasing 
just any set of potato varieties for the sake of encouraging on farm diversity would miss the 
crucial function of breeding and certification for farmers. Therefore, it remains important 
to critically evaluate what potato varieties, with what kind of new traits constitute an added 
value for farmers. The crucial advantage of participatory varietal selection trials, and diversity 
in repatriation programmes is that farmers themselves can have an important say in what 
represents ‘added value’ for them.

Adding market value to diversity

For Andean potato communities, market oriented potato production is crucial for the 
generation of monetary income. However, markets preferences have generally led to a focus 
on the cultivation of a very limited number of potato varieties. Next to the fresh consumption 
of potatoes, an important market has emerged for processed potatoes: chips and crisps. This 
production process is largely in the hands of a number of multinational companies like Frito 
Lay and McDonalds, which have strict requirements regarding the potatoes that can serve 
as input for their production process. Uniformity of potato input is a key factor, in terms of 

79 Late blight is also known as Phythophtera infestans.
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size and especially sugar content, which is crucial for the process of frying potatoes without 
browning. This context does not only introduce a bias for the production of a very limited 
number of potato varieties. In addition, in this context of globalization and market integration, 
small farmers are often at a disadvantage relative to larger commercial farmers who have 
superior access to information, services and capital, and who can offer larger volumes of 
quality products to market agents (Johnson and Berdegué 2004).

This bias towards a homogenized potato production mainly by large scale potato farmers 
is challenged by the ‘Papa Andina’ (‘Andean potato’) project, which is being coordinated by 
CIP.80 The project has been set up as an attempt to find new market opportunities for small 
scale potato farmers in the Andes (Thiele and Devaux 2002; Devaux et al. 2007). The project 
takes as starting point that some commercial opportunities are most beneficial for large 
scale farmers with a homogeneous production, while other market niches can be served by 
small scale farmers that have access to a wide diversity in potato varieties. For example, some 
market niches require small tubers, which in turn require high planting density and manual 
harvesting. Such constraints in fact provide a competitive advantage to small scale farmers 
(Thiele and Devaux 2002).

More concretely, a project has been setup to link the production of a mix of native potatoes to 
marketing in supermarkets in cities. The colourful and tasty native potato varieties turn out 
to be very attractive as gourmet food, and meet a previously unmet demand. As simple as it 
is, this T’ikipapa project has been very successful and has won the World Challenge Award 
2007, which is awarded to successful business proposals which benefit local communities.81 
The same approach is now also applied to the production and marketing of potato crisps 
from native potato varieties. Because of the colourful appearance of these ‘native potato 
crisps’ they are an innovative and exclusive product. While the scope of this initiative is still 
limited, the attempt to attach market value to at least part of the existing potato diversity in 
the high Andes is a very interesting and potentially valuable complementary initiative to the 
breeding work done at CIP.

The project distinguishes between different types of innovations that may contribute to the 
creation of new market opportunities: (1) commercial innovations, involving the development 
of new products or services for market niches to add value to potato production; (2) technical 
innovations, involving improvements in the way commodities are produced or transformed; 
and (3) institutional innovations, related to changes in attitudes, habits, or relationships among 
stakeholders, in order to create more favourable conditions for pro-poor innovation (Devaux et 

80 See http://papandina.cip.cgiar.org/ (last accessed 17 September 2008).
81 See http://www.theworldchallenge.co.uk/html/project07_potato.html (last accessed 17 September 
2008). Similar approaches exist elsewhere, like in Bolivia where Whipala potatoes are marketed as a 
mixture of indigenous landraces. See Puente-Rodríguez (2008).
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al. 2007). For the initiatives mentioned in this section, it is mostly commercial and institutional 
innovation that underlies their success. However, the three types of innovation are closely 
related and the discovery of new market opportunities through commercial innovation can lead 
to new demands for technical innovation. If potato crisps of native potato varieties are indeed 
an interesting market niche for Andean potato farmers, this may lead to new breeding and 
selection rounds on these potato varieties to improve their productivity or processing quality.

Implications: taking local farming systems as starting point

These initiatives of CIP to broaden the genetic base under newly released potato varieties, 
and to find market niches for the cultivation of traditional landraces reflect the institute’s 
commitment to conserving and valorising the traditional Andean potato production system. 
With respect to CIP’s breeding strategy, it is important to note that it explicitly grants farmers 
a prominent role in the selection of new varieties and in defining what constitutes added value 
in new potato varieties. This implies that rather than following an industrializing approach to 
agricultural development, the institute is adopting an approach that explicitly takes the diversity 
of local farming systems as starting point, and provides outputs that can be further selected 
depending on local needs, priorities and preferences. As has become clear, this approach to 
agricultural development is primarily reflected in the breeding strategy of CIP, rather than in 
a radical new technological design of the varieties that are being released. But that does not 
mean that there is no material basis for this alternative strategy to industrialisation. However, 
this material basis is not captured in the precise characteristics of a single potato variety, but 
in the fact that the output is no longer a single variety suited for industrial production, but a 
collection of potato varieties, which leaves their evaluation and further selection up to farmers.

In addition, the Papa Andina project clearly demonstrates how important a market-oriented 
production is in the efforts to improve the economic position of small scale farmers. The 
discussion of agricultural modernisation, characterised by mechanisms of appropriationism 
and substitutionism in Chapter 3 has highlighted the risks of linking up with international 
markets and becoming dependent upon a distant food processing industry that may substitute 
one agricultural input for another. However, interestingly, the Papa Andina project strongly 
focuses on the inherent value of native potato varieties of the Andes, both for domestic as well 
as for international markets. While native potato varieties were traditionally known as a food 
product for poor Andean farmers, they are now becoming known as wholesome, nutritious 
food grown naturally in the Andes and an important aspect of Peru’s cultural heritage (Devaux 
et al. 2007). This means that far from being an interchangeable industrial input, these potatoes 
and the way they are marketed emphasize the connection between product and producer. 
In addition, the project is oriented at finding comparative advantage for small scale farmers 
who have access to native potato varieties and have the ideal production systems for such 
varieties. In other words, while the Papa Andina project is definitely about connecting small 
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scale farmers to markets, at least on a conceptual level it challenges trends of substitutionism 
(interchangeability), and appropriationism (externalization and homogenization of production).

Enabling farmers’ seed potato production

Seed is a vital input for agricultural production, but it is not a static input. Seed is alive, it 
changes under the influence of crosses and selection pressures, it can be diffused, traded and 
exchanged, and it can deteriorate under the influence of diseases. Seed is supplied by seed 
systems, which are managing this dynamic of renewal, diffusion and exchange. Graham Thiele 
(1999, p. 92) defines a seed system as “an interrelated set of components including breeding, 
management, replacement and distribution of seed”. A broad distinction is commonly made 
between formal and informal (or farmers’) seed systems. In the formal seed system the various 
components of the system such as seed production and supply are operated by public and 
private sector specialists, and are generally regulated by the public sector. This usually includes 
an inspection process known as ‘certification’ and controls over variety release, to ensure that 
available seed is of a recognized variety with a low incidence of disease. Formal seed systems 
are generally organised at the (inter)national level, and involve cash transactions and large 
uniform quantities of seed. In the informal seed system components of local seed selection, 
seed production and diffusion are managed by farmers themselves, without public sector 
regulation. They mainly operate at farmer and community level in terms of production and 
exchange mechanisms. The element of trust which is created by certification of seed in the 
formal seed system is here created by social networks, and personal ties with reputable traders 
or neighbours (Thiele 1999; Louwaars 2007).

The importance of formal and informal seed systems differs greatly between different crops, 
farms, regions and countries. Generally, in developed countries the formal system has to 
a large extent replaced the informal seed system, especially in the cultivation of potato. In 
countries like Canada and the Netherlands, more than 90% of the area of potato is sown with 
certified seed (Young 1990). However, Louwaars (2007) mentions that for the major cereals, 
the currently estimated use of farm-saved seed in Europe is still 50%, demonstrating that 
the informal seed system is still of significant importance, even in Europe. In the majority of 
developing countries, the informal seed system covers 95% of the demand for potato seed 
(Horton 1987). Turner has demonstrated that in India, the formal system accounted for less 
than 5% of the total seed use in most major crops, with a maximal percentage of 10% for rice 
(Turner 1994). Louwaars argues that this is exemplary for developing countries in general 
(Louwaars 2007). However, the low importance of the formal seed sector does not imply that 
the formal sector does not have a significant impact on farming. Farmers are not only using 
traditional varieties, but also diffuse and cultivate scientifically bred varieties, through efficient 
farmer-to-farmer seed exchange mechanisms (Louwaars 2007).
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Potato seed systems

Potato seed systems are somewhat different to most seed systems, because potato is a clonally 
propagated crop: instead of using seed for its reproduction, farmers replant potato tubers as 
‘seed potatoes’. A major disadvantage of the use of tubers as ‘seed’ is that they are relatively 
bulky and are therefore difficult or expensive to transport in large quantities. Moreover, tubers 
from a virus-infected potato plant also contain the virus, and give rise to a new generation 
of potato plants that is already infected. While potato tubers are genetically identical to the 
parent plants, and therefore in principle have the same agronomic characteristics, the infection 
by viruses can build up over several generations. This leads to the ‘degeneration’ of potatoes, 
which are still genetically the same, but perform poorly because of viral infections. The use 
of ‘botanical seed’ of potatoes would reduce this degeneration, since seed does not pass on 
viruses to the next generation. Moreover, it would make the transport and trading of potato 
seed easier. The use of potato seed is biologically possible, and CIP has in fact experimented 
with its use. However, using tubers as seed potatoes increases the chance of germination and 
provides new seedlings with a portion of energy which increases their survival rate. For that 
reason, tubers as seed potatoes generally remain preferred over the use of botanical seed.

Considering the importance of tubers as seed potatoes, and the importance to prevent the 
degeneration of potatoes through viruses, the virus-free multiplication of seed potatoes is a 
crucial function of any potato seed system. But an important question emerges whether this 
virus-free multiplication can be part of an informal seed system in which farmers themselves 
take care of potato seed production, or whether this is a task that is best externalized in a 
formal potato seed system.

In the Andean region, traditional informal potato seed systems have been known to supply 
good quality seed potatoes, thanks to the high altitudes at which the degeneration of potatoes 
is relatively slow. At high altitudes, temperatures are lower and therefore few aphids are found, 
which are the main vectors for the most damaging viruses (Thiele 1999). This advantage of a 
reduced virus pressure at high altitudes is used by farmers in lower regions to replenish their 
‘tired’ seeds after a few years of cultivation with new, disease free seed from potato specialists 
in nearby uplands (Zimmerer 1991; De Haan and Thiele 2005). However, this system was highly 
typical for the Andean region, and does not have an equivalent in Africa or Asia where potato 
production is strongly affected by virus infestation. For this reason, in these regions attempts 
to improve potato production have commonly focused on the supply of better quality potato 
seed through the setup of a formal potato seed system (Gisselquist et al. 1998).

Such a supply of virus-free potatoes is a valuable input for many potato farmers. However, at the 
same time, the availability of on farm produced potatoes that constitute a ‘free’ resource of seed 
potatoes makes monetary investments in formally produced seed potatoes less attractive, and 
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risky.82 As a result the externalization of potato seed supply as part of its professionalization 
and formalization has not always been very successful, and not for all farmers.83 While 
commercially available virus-free seed potatoes may be an important advantage for some 
farmers, for other farmers that have to cope with a high risk in cultivation and with little 
monetary capital to invest, the externalization of seed potato production may simply not be 
the best way to go. Against that background the question arises of how to contribute to the 
virus-free production of seed potatoes, and whether alternatives exist to its externalization.

Virus resistance challenging the externalization of seed potato production

Recently, CIP has started to explore the possibility to empower farmers in the production 
of virus-free seed potatoes as part of informal seed systems, instead of setting up external 
systems to seed potato production. The key elements of such a strategy would consist of the 
production of virus resistant potato varieties, cheap and easy diagnostic kits for viruses, and 
‘positive selection methodologies’ for seed potato selection. Virus resistant potatoes would 
significantly reduce the degeneration of potatoes that are saved from the harvest, and would 
prevent the build up of virus infections over the years.84 The use of diagnostic kits would allow 
farmers to measure the actual level of virus infection in their field, allowing a much more 
educated decision as to invest in commercially produced (virus free) seed, or not. Moreover, 
it would allow some sort of quality control of potatoes which may replace the current centrally 
organised quality system of formal seed producers. Thirdly, the ‘positive selection’ practice 
implies that healthy looking potato plants are selected before harvest. The tubers from these 
plants can then be used as seed potatoes for the next growing season. This contrasts with the 
common practice of selecting the smallest tubers after the harvest, without consideration of 
which plants were in fact visibly infected by a virus. In practice, since virus infection tends to 
reduce tuber size, selection for the smallest tubers implies a selection for virus infection as 
well. This can largely be prevented by a positive selection practice as described.

The interesting aspect of this approach is that the production of virus resistant potatoes 
constitutes an example where biotechnology in breeding has an entirely new structuring role 
in the social relations of production. Where biotechnology has been argued to be instrumental 
in the industrial appropriation of breeding and multiplication of seed management, in this 
case it can be instrumental in bringing it back into the domain of farmers’ management. This 
does not mean that the occasional injection of quality seed from an external source would not 

82 See also Snapp et al. (2003) for a more general argument about the riskiness of cash investments in 
cultivation, if market prices of produce can be fluctuating.
83 Interview data.
84 In this context, it is vital that potatoes are virus resistant, not just tolerant. While a tolerant potato 
may still produce in spite of infection, the marketing and transport of infected potatoes might in practice 
spread virus diseases instead of containing them.
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still be a very good idea. However, it would provide farmers with an alternative source of good 
quality seed potatoes and a more educated decision of when to replenish their potato stock.

Having said that, the material basis underlying this approach to seed multiplication is not all 
that radically different from other projects, especially with respect to the virus resistance in 
potatoes. Virus resistance can in fact be a valuable trait in an industrial production system as 
well, since it reduces the incidence of viral diseases and hence can improve productivity. In 
other words, virus resistance itself cannot be argued to reflect a non-industrializing approach 
to agriculture as such. However, what makes the trait special in this example is its embedding 
within a wider approach to empower farmers in their own seed multiplication, and the 
combination with diagnostic tests and an improved selection procedure. This leads to the 
conclusion that an alternative strategy for agricultural development may be reflected in 
different breeding strategies and different genetic technologies, but that it is the combination of 
a specific technical material design with its context of application that provides the technology 
with a structuring role on the production system.

As a final note, it is to be expected that – apart from the technical challenges of actually 
producing potatoes with sufficient and appropriate virus resistance – this strategy of 
empowering informal potato seed systems will run up against some serious institutional 
and regulatory challenges. One of the components of agricultural policy in many countries 
is the certified production of high-quality seed. Certification of formal varieties provides a 
mechanism of trust within the seed system, because the quality of the seed is guaranteed. While 
intended as a measure to protect farmers from bad-quality seed, it also strongly prescribes the 
mode of agricultural production, since it basically prevents farmers from exchange of their 
own uncertified seeds.85 As such, it introduces a strong bias for the external, industrialized 
production of a limited number of improved varieties, the quality of which can be easily tested, 
monitored and guaranteed. While this model in potato production has been problematic, the 
transformation from a certified seed system, to a system that grants farmers the possibility 
to produce their own, but uncertified seed, may be difficult. In informal seed systems in the 
Andes, it is a social system that creates trust and so-called ‘neighbourhood certificates’ for 
seed sellers. A similar mechanism to address the ‘trust component’ in seed systems needs 
to be addressed in some way. The development of intermediate certificates of e.g. ‘informal 
seed, but of tested quality’ is suggested by CIP scientists as a way forward, but at this point it 
still remains a future challenge for the institute to implement such intermediate certification 
procedures.

85 See for example recent discussions on the Indian Seed Law (Madhavan and Sanyal 2006). See also 
the special issue of Seedling on seed laws in 2005: (GRAIN 2005)
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Working with cultural connotations – Genetic fingerprints as Kipu 
diagram

The efforts of CIP to reduce the loss of agricultural genetic diversity in the Andes, and to 
reconsider the externalization of seed potato production, reflect a willingness and ability to take 
existing production and innovation systems as starting point for agricultural development, and 
to adopt a predominantly non-industrializing approach to agricultural development. Within 
that approach the appropriateness of technology development is achieved by broadening 
the outputs of breeding programmes, by marketing the diversity and quality of native potato 
varieties, and by empowering farmers in their seed potato production. However, next to 
these examples of making technology development appropriate within a specific approach to 
agricultural development, there is an additional dimension of appropriateness. The previous 
examples – also in the previous chapter on the CIMBAA consortium – have primarily focused 
on the extent to which farmers are involved in the development process, and on the technical 
function of new technologies within a specific production system. However, the success of 
new technologies is also determined by their perception by farmers, and hence by any cultural 
connotations they may have.

In a negative sense, this is illustrated by the reluctance of CIP to release transgenic potato 
varieties, even though they are considered to provide a useful means of addressing insect 
infestation, at least from a technical perspective. Although concerns over outcrossing with 
other varieties are definitely an additional reason to refrain from the use of transgenic potatoes, 
it is the public perception of this technology that makes its use definitely inappropriate.

On the other hand, the perception of new technologies and their connotations can be influenced 
to some extent, embedding the technology in a more favourable context. This approach is 
illustrated by the publication of a catalogue of native potato varieties in the Huancavelica 
region in Peru (CIP and FEDECH 2006). For this catalogue, a number of classification methods 
have been used. Next to phenotypical and taxonomical classification, native potatoes have 
also been ‘fingerprinted’ using a number of SSR markers.86 The use of molecular fingerprints 
provides an additional ‘genetic perspective’ on the population of potatoes that has been 
mapped. Since genetic fingerprints are more precise than the cataloguing of potatoes by their 
visual characteristics, this technology prevents duplications in the catalogue, or in genebanks. 
Moreover, genetic fingerprinting allows for an analysis of taxonomic relations and therefore 
provides an additional perspective on the genetic diversity that has been found, and subsets 
of closely related potato varieties.

86 SSR = single sequence repeats; also known as microsatellites. These are DNA markers that allow the 
tracing and identification of specific individuals by their genetic composition.
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In order to present the fi ngerprinting data in a visually appealing and original way, a system 
has been developed to represent molecular fi ngerprints in Kipu-like diagrams (Figure 5.1). 
Th e Kipu is an ancient, pre-Columbian system of ropes with knots to represent or register 
information regarding harvests, exchanges, taxes, et cetera.87 As such, the Kipu bears strong 
connotations of traditional Andean culture, and admiration for the advanced capabilities of 
pre-Columbian societies. Th e representation of SSR markers in the shape of a Kipu diagram 
is an interesting and creative strategy to present the fi ngerprinting technology as something 
that can be easily incorporated into the vision of native potatoes as indigenous material. While 
it probably does not make the fi ngerprinting data itself accessible or readable by members of 
native communities in Huancavelica, it is a symbolic eff ort to bridge the culturally diff erent 
worlds of scientifi c discovery and analysis, and the indigenous communities in which native 
potato varieties are strongly connected with Quechua identity. As such, this eff ort is a direct 
example of the argument made by Brian Pfaff enberger (as discussed in Chapter 3) that it is 
discourse that privileges and legitimizes a specifi c interpretation of technologies, thereby 
constituting a political eff ect (Pfaff enberger 1992).

Apart from the fact that it is an original and charming initiative, this eff ort to present results 
of molecular biology in tune with Andean traditions signals an additional dimension in which 
‘appropriateness’ of genetic technologies for agricultural development can be considered. As 
mentioned before, native potato varieties are associated with Quechua identity, and for that 
reason their replacement by modern varieties is a painful process that also touches upon 

87 Also spelled as ‘Quipu’, see Jacobsen (1964). See also http://en.wikipedia.org/wiki/Quipu (last accessed 
17 September 2008).

Figure 5.1. A pre-Columbian Kipu (left) and a Kipu-like molecular fi ngerprint diagram (right). 
Reprinted with permission from the “Catálogo de variedades de papa nativa de Huancavelica 
– Perú” (CIP and FEDECH 2006, p. 49).
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questions of cultural erosion, next to genetic erosion. The implicit argument in the Kipu-
diagrams is that the introduction of new technologies need not be a destruction of traditional 
cultures, but that a hybridization of cultures is possible. They reflect a concern from the side 
of CIP to produce outputs that are not only useful in terms of their technical functioning, but 
also acceptable in terms of their social meaning and cultural connotations.

Discussion – Breeding technologies for a non-industrializing development 
strategy

The case study of the International Potato Centre has provided an insight in the ways in which 
the institute aims to provide appropriate technologies and new potato varieties for resource poor 
farmers. Interestingly, this operationalization moves well beyond instrumental considerations 
alone, and explicitly relates to the social relations in agricultural innovation. Concretely, the 
institute acknowledges that it is important to research local priorities for plant breeding and 
to provide new potato varieties that best address the problems that farmers may face. This can 
be described as the instrumental dimension of providing appropriate technologies, primarily 
oriented at the technical functioning of new varieties. However, the different initiatives discussed 
illustrate that the institute is also more profoundly reconsidering the trajectory of agricultural 
development. For example, the discussion of how CIP tries to involve farmers in varietal 
selection, and is experimenting with the release of a wider set of potato varieties rather than 
a single widely best-performing variety, indicates that appropriateness also means: something 
adapted to diverse farming conditions and not harming existing agricultural biodiversity. This 
materializes not so much in a specific new potato variety, but in an approach to breeding and 
repatriation of potato varieties that is aimed at producing a wider output of varieties, rather 
than a very limited number of varieties intended for widespread adoption. This approach was 
complemented by the marketing of native potatoes in the Papa Andina project, valorising the 
diversity and specific characteristics of the highland potatoes.

What remains uncertain at this point is what the impact will be of this approach on the actual 
replacement of traditional varieties by modern varieties. In fact, in spite of the interesting 
efforts to involve farmers in participatory breeding exercises, and to increase the diversity in 
output, the attractiveness of a homogeneous market-oriented production in order to generate 
extra income remains big. Moreover, as breeding at CIP gets better and is increasingly able 
to address traits such as drought and frost tolerance, it is likely that improved varieties will 
increasingly compete with landraces that currently still play an important role in the cultivation 
of potatoes in the highest and riskiest parts of the Andes. This means that efforts like Papa 
Andina for the valorisation of potato diversity, and initiatives for the in situ conservation 
of traditional landraces, will remain very important and relevant, next to more diversified 
breeding approaches.
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However, like in the other case studies presented in this thesis, this research does not (and 
cannot) evaluate these initiatives in terms of their technical functioning at this point. In 
other words, it does not evaluate the discussed initiatives in terms of their effectiveness to 
actually increase the genetic diversity of improved potato varieties, or to make the cultivation 
of traditional landraces more attractive. What cán be concluded is that the institute adopts 
an approach to agricultural development in which the existence of traditional production 
systems and crop genetic diversity is the starting point for improvements. Breeders at CIP are 
considering how to add on to the existing potato diversity, rather than to replace it. That in turn 
reflects an approach to agricultural development that is not relying upon industrialisation, but 
focuses on peasant based production systems. Moreover, even though much of the research 
going on in CIP is not participatory at all, it is clear that CIP is modestly challenging the 
externalization of variety development, by involving farmers in the evaluation and selection 
of new potato varieties.

A similar challenging of externalization is underlying the attempt to develop virus-resistance 
kits. While virus resistance has a clear advantage in terms of reducing the incidence of virus 
infection, this technology also has a specific repercussion in terms of how the potato seed 
system can be organised. The material design and technical functioning of virus resistant 
potatoes within the specific context of current potato seed systems has the potential to 
emancipate farmers in their choice for externally produced seed potatoes, or for their own seed 
potatoes. While this is unlikely to completely eliminate the need for specialized commercial 
seed potato production, it does provide farmers with an additional option, and a more educated 
decision for when to invest in commercial seed potatoes.

The specific example of virus resistance also illustrates that it is difficult and inappropriate to 
make all too definite statements regarding the importance of the materiality of technological 
artefacts, in relation to their social meaning within a specific context. The use of virus resistant 
potatoes in order to empower farmers in their on farm seed potato production is one example 
in which the technical function of virus resistance has a profound social meaning for the 
production system. However, this meaning only comes to life in the context of a combined 
use with virus diagnostic kits and improved selection procedures, and in a socio-economic 
context in which the commercial prices of seed potatoes are a significant hurdle for potato 
farmers to replenish their seed stock. The use of virus resistant potatoes in such a project may 
require no specific technical modification of the potato varieties, but merely an innovative 
use and embedding of an already existing technology.

Similarly, the material basis underlying CIP’s breeding strategies is relevant, but only in a 
specific context. More than breeding entirely different potatoes, it is an innovative breeding 
strategy that most clearly reflects a strategy of agricultural development that aims to build 
on crop genetic diversity rather than to replace it. The material basis of this strategy is not 
captured in the precise characteristics of a single potato variety, but in the fact that the output 
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is a collection of potato varieties rather than a single variety suited for industrial production. 
This different material basis in turn explicitly invites evaluation and further selection of 
varieties by farmers.

In conclusion

All in all, the approach of CIP in aiming to make its breeding outputs and technologies 
appropriate for resource poor farmers is interesting because it does not only reflect an ambition 
to provide useful technologies for resource poor farmers, but also reflects an approach to 
agricultural development that is markedly different from an industrialisation of agriculture. 
In contrast to the externalization of breeding and seed multiplication as described in Chapter 
3, the various initiatives mentioned are characteristic for their attempts to involve farmers in 
the innovation process. Quite clearly, farmers are not only recipients of new potato varieties, 
but are also treated as co-innovators in the development and selection of new potato varieties. 
Moreover, by focusing on the conservation of agricultural biodiversity through a broadening 
of the breeding output, and the marketing of native potato varieties, the institute treats this 
biodiversity as a living resource for peasant-based production systems in the Andes, rather 
than merely as a static input for future breeding programmes.

In conclusion, this case study has illustrated that – within reasonable boundaries – the use 
of advanced breeding technologies does not necessarily require a further externalization of 
breeding approaches or seed multiplication. Instead, breeding technologies can be a meaningful 
element in a non-industrializing approach to agricultural development, provided that not only 
their technical functioning, but also their structuring role on the social relations of innovation 
and production are carefully reconsidered.
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Linking upstream genomics research with downstream 
development objectives – The challenge of the Generation 
Challenge Programme

“The idea of the Green Revolution that we could produce ‘Super-variety X’ is 
gone. […] The idea now is that farmers cultivate certain varieties with a reason, 
because they are adapted to their needs and preferences. But by introducing a 
resistance gene or a QTL88 for drought resistance, we can prevent that every ten 
years their complete harvest fails because of drought.”

(Anonymous project leader Generation Challenge Programme, 
October 2007)

Introduction 89

This chapter shifts the focus from research programmes with clear downstream components 
(as studied in the previous two chapters), to a research programme that is doing a lot of its 
research at a much more upstream level.90 This different position in the innovation process 
raises entirely different questions regarding the strategy for agricultural development that 
is supported, as well as regarding the ways in which technology development can be made 
‘appropriate’ for resource poor farmers. While the previous two chapters focused on the social 
meaning of technological artefacts and breeding strategies in a specific context of application, 

88 QTL = Quantitative Trait Locus. This term is used to identify a stretch of DNA that contains or is 
closely linked with one or multiple genes that are responsible for the expression of a certain trait, in 
interaction with the environment. The term ‘quantitative’ signifies that the genetic element is only partly 
contributing to the expression of the trait, the expression of which also depends on other genetic or 
environmental factors.
89 This chapter is largely based upon material previously presented at the CSG/CESAgen conference 
“Genomics and Society: Setting the agenda”, 17-18 April 2008, Amsterdam, the Netherlands. The 
accompanying paper is published as Vroom(2009): “Linking upstream genomics research with 
downstream development objectives - The challenge of the Generation Challenge Programme”, Tailoring 
Biotechnologies 4(3).
90 The terms ‘upstream’ and ‘downstream’ refer to relative positions in an innovation process, with 
‘upstream’ referring to more basic, curiosity driven research, and ‘downstream’ to applied, problem 
driven research.
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much of the research described in this chapter is too upstream to be analyzed in that way. By 
consequence, while the previous two chapters focused on the potential for a reconstruction 
of gene constructs or breeding strategies in a specific context of application, in this chapter 
the focus shifts to the linkages between upstream research, and downstream applications.

One of the questions that emerges forcefully in this chapter is whether a research programme 
with such strong upstream components can meaningfully contribute to an agricultural 
development that would take existing production systems and the innovative potential of 
farmers as a starting point. As discussed in Chapter 3, concerns over the appropriateness 
of biotechnologies for resource poor farmers have frequently led to arguments for a locally 
contextualized, bottom-up technology development. Similarly, the discussion on external and 
imposed modernisation strategies in Chapter 3 expressed a concern that agro-technology 
development may reflect and impose a homogeneous and industrial model of agricultural 
development that is hardly relevant for many resource poor farmers that are producing 
in marginalized and difficult areas. Hence, the question that arises is whether appropriate 
biotechnology development essentially requires a local and bottom-up innovation process – 
implicitly disqualifying any science-led upstream research programme for the resource poor 
– or that upstream research can in fact provide a meaningful and ‘appropriate’ contribution to 
local innovation processes, without prescribing an externally formulated model of agricultural 
development.

Concretely, this chapter will discuss the efforts of the Generation Challenge Programme 
(GCP) of the Consultative Group on International Agricultural Development (CGIAR).91 
It will do so by specifically looking at the ways in which this programme aims to connect 
upstream genomics research to its downstream development objectives of helping resource 
poor farmers in drought-prone areas. The work of the Generation Challenge Programme is 
focused on comparative genomics research, and the understanding of genetic mechanisms 
for drought tolerance in crops. As such, most activities of the programme are rather upstream 
and relatively far away from the development of concrete new crop varieties. This is in contrast 
with the CIMBAA project (Chapter 4) which involved upstream genetic research, but was 
mainly committed to the downstream development of a concrete cabbage variety. Also the 
projects at CIP discussed in Chapter 5 mostly focused on relatively downstream breeding 
and selection work. The more upstream character of the Generation Challenge Programme, 
in combination with the purely public nature of its funding, leads to a research programme 
with entirely different tensions and dynamics, compared to these other two case studies.

91 A previous version of this chapter has been presented as a paper titled “Linking genomics to development 
objectives – The challenge of the Generation Challenge Programme” at the CSG/CESAgen conference 
“Genomics and Society: Setting the agenda”, 17-18 April 2008, Amsterdam, the Netherlands.
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This chapter will explore the efforts of the GCP to transform its upstream genomics research 
into actual innovations in farmers fields. For this reason, the first half of the chapter will 
introduce and discuss the setup of the programme itself and its research agenda. From this 
discussion, two elements emerge that are crucial in the programme’s ambition to link upstream 
genomics research with downstream agricultural development. The first is the setting of 
priorities by the programme on an upstream level, in order to develop technologies that 
will actually address problems that farmers encounter. The second element is the building 
of an innovation chain that connects upstream genomics research with downstream variety 
development and testing. While that is an interesting challenge in itself, this chapter aims 
to take the discussion beyond the notion that strong institutional linkages are crucial in 
an effective innovation chain. For that reason, the second half of the chapter will adopt an 
innovation systems perspective and will explore the potential for a more dynamic perspective of 
how upstream genomics research and downstream innovation systems can be complementary, 
and what kind of technologies allow for their linkage. As will be shown, this results in an 
interesting novel function of genetic technologies when they are embedded in a service-like 
approach, rather than presented as solutions to agricultural production problems as such. 
Finally, this discussion of the complementarity of different innovation systems relates the case 
study to the concerns of a homogeneous and imposed nature of agricultural modernisation, as 
discussed in Chapter 3. Concretely, the chapter reflects upon the extent to which the priority 
setting by GCP and the innovation system it is constructing, reflect a specific prescriptive 
strategy for agricultural development, or are flexible enough to serve a multitude of models 
for agricultural development.

The Generation Challenge Programme – Upstream genomics research for 
pro-poor agricultural innovation

The Generation Challenge Programme is one of the four ‘Challenge Programmes’ of the 
Consultative Group on International Agricultural Research (CGIAR).92 The CGIAR is a group 
of 15 international agricultural research centres worldwide that focus on the improvement of 
genetic resources for agriculture in developing countries. These research centres are diverse in 
their setup; while some centres focus on a set of the 22 CGIAR mandate crops, others focus on 
specific agro-climatic regions or policy issues.93 According to the CGIAR website: “A CGIAR 
Challenge Program (CP) is a time-bound, independently-governed program of high-impact 
research, that targets the CGIAR goals in relation to complex issues of overwhelming global and/
or regional significance, and requires partnerships among a wide range of institutions in order 

92 See www.generationcp.org for more information about the Generation Challenge Programme and 
its projects (last accessed 17 September 2008).
93 See www.cgiar.org for a list of the various CGIAR institutes, their primary focus, and a list of the 22 
CGIAR mandate crops (last accessed 17 September 2008).
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to deliver its products.”94 The Challenge Programmes are an institutional novelty within the 
CGIAR system, in the sense that they are not restricted to a single research centre, but function 
in between and ‘above’ the various agricultural research centres. The current four Challenge 
Programmes focus on ‘tapping into crop diversity to improve drought tolerance’ (Generation 
CP), nutritional quality (HarvestPlus), managing food production and water scarcity (Water 
& Food), and reviving agriculture in Sub-Saharan Africa (Sub-Saharan Africa CP).

The Generation Challenge Programme is committed to the use of comparative genomics, 
marker assisted breeding, and genotyping technologies to empower plant breeding for resource 
poor farmers. The underlying rationale is that these kinds of modern genetic technologies 
are increasingly being used in plant breeding in developed countries, and provide powerful 
ways of advancing plant breeding, but are difficult to access and use by breeders in developing 
countries (Ribaut et al. 2008). So far, investments in genomic maps of agricultural crops 
have mainly been limited to a few model crops, or crops of commercial interest to developed 
countries, while many crops of significance for developing world agriculture have remained 
‘orphan crops’ in terms of research investments (Naylor et al. 2005). Moreover, intellectual 
property restrictions on newly developed technology and biological material often restricts 
the use of these innovations for agricultural development in ‘the South’ (Atkinson et al. 2003; 
Louwaars 2007). The CGIAR as a whole is committed to use plant breeding technologies for 
crops of relevance to developing world agriculture, however its funds are limited and the focus 
of many CGIAR institutes on specific mandate crops means that potential synergies made 
possible by comparative genomics have not materialized so far. The Generation Challenge 
Programme is specifically intended as a cross-cutting initiative to bring together cutting edge 
genomics research from different institutes, to take advantage of comparative genomics for 
gene discovery, to build an ‘integrated platform of molecular biology and bioinformatics tools’, 
and to facilitate the delivery chain from upstream genomics research to actual innovations in 
farmers fields (Bruskiewich et al. 2006; Generation Challenge Programme 2007).

The GCP is organised in 5 subprogrammes, which focus on different activities, ranging from 
exploring existing genetic diversity and trait discovery, to developing bioinformatics tools 
and capacity building (see Box 6.1). Research in each of these subprogrammes is divided in 
competitive projects which have an innovative character, and commissioned projects which are 
more specifically aimed at addressing bottlenecks in the innovation chain, and in making sure 
that products from earlier research can be validated and taken up into downstream breeding 
programmes. In addition, GCP makes a distinction between horizontal and vertical projects, 
in which the horizontal projects are broad in scope and provide wide platforms of knowledge 
and methodologies. Making genomic maps of CGIAR mandate crops is such a horizontal 
activity. The vertical projects in contrast have a much more narrow focus on a specific crop 
and region, and range from upstream activities down to concrete product development. The 

94 See http://www.cgiar.org/impact/challenge/index.html (last accessed 17 September 2008).
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scope of these projects is limited since they engage with the difficulties and peculiarities of 
individual farming systems, but their impact can be significant if successful. The hope is 
that a number of successful examples of vertical projects will provide a proof of concept, a 
legitimation of the GCP approach, and a starting point for scaling up by other programmes 
or donors.

Delivery plans, products and users

For the Generation Challenge Programme, one of the main challenges is to make sure that 
the upstream genomics research actually leads to improved breeding programmes and crop 
varieties with new traits. This has materialized in a strategy to write a delivery plan for every 
project that is being funded by GCP (above a funding threshold of $200,000), identifying 
the concrete ‘products’ of the research –whether they are genes, markers, germplasm or 
methodologies- and to identify primary and secondary users of these products. The GCP and 
its projects are clearly focused on doing upstream research, and therefore cannot engage in 
the concrete variety development downstream. However, the programme does aim to have an 
oversight role in making sure that its products cán be taken up downstream, are taken up, and 
will actually lead to useful innovations for resource poor farmers. In practice, project leaders 
are required to interact from an early stage onwards with downstream research partners, 
which are commonly scientists working at national research institutes of developing countries. 
By involving these people, the outputs of the project are thought to be better tailored to the 
needs of the downstream partner, increasing chances of a successful innovation process. In 
addition, next to tailoring research projects to the needs of downstream partners, the building 
of capacity of these downstream partners is a focal point, in order to ensure that they can 
actually take up the genetic information or technologies that are being produced by GCP. Both 
the development of delivery plans, and organizing capacity building of downstream partners 
are important objectives of subprogramme 5 (SP5).

This focus on delivery and capacity building at national research partners demonstrates how 
GCP operationalizes its commitment to having an impact. In doing so, the GCP cannot possibly 
control and organise all steps in the innovation process going from upstream gene discovery 
to varietal development in a specific context. In spite of that restriction, the facilitating role 

Box 6.1. Subprogrammes of the Generation Challenge Programme.

1.  Genetic diversity of global genetic resources.
2.  Genomics towards gene discovery.
3.  Trait capture for crop improvement.
4.  Genetic resources, genomics and crop information systems.
5.  Capacity building and enabling delivery.
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of the programme and its oversight role are meant to create favourable conditions for the 
development of actual innovations in terms of new crop varieties for resource poor farmers. 
This output oriented character of the programme and the explicit focus on identifying products 
and different levels of users for every project is an important characteristic of GCP. It is 
typical for contemporary debates on the effectiveness of public sector agricultural research, 
on ‘innovation systems’ for agricultural development, and with ideas to stimulate interaction 
between different institutes and actors in order to bridge the gap between invention and 
innovation. But, next to making sure that bottlenecks in the innovation chain are being 
addressed, the question emerges what kind of farmers GCP actually targets, and with what 
kind of strategy for agricultural development. In other words, we need to shift focus from the 
procedure of delivery, to the target(s) and objectives of delivery.

Targeting the poor – Farming systems, crops and traits

Like any research programme, the GCP is caught in between ambitious goals and a limited 
amount of funding and lifetime. This has led the programme to execute a priority setting 
exercise in order to define a coherent set of principles for the selection of projects to be 
funded by GCP. Since priority setting exercises force a programme to limit its activities and 
potential beneficiaries, they expose how formal priorities are operationalized in practice, in 
the selection of projects. The GCP priority setting exercise and its outcomes are elaborated 
below, and their impact on targeting resource poor farmers are discussed.

In terms of discussing how the outcomes of GCP can reach resource poor farmers specifically, 
the focus of the programme on drought tolerance is a first important element. Drought as 
focus trait has been a leading principle right from the beginning of the programme for a 
variety of reasons. One is the global importance of drought stress on agricultural production 
(Moffat 2002; Ribaut 2006; Tuberosa and Salvi 2006), and hence the potential to have a great 
impact if drought resistance can be successfully managed. Moreover, considering that the GCP 
would not focus on a single crop, or small set of crops, a trait was chosen that is problematic 
across a wide range of crops. Thirdly, drought tolerance is a trait that is very difficult to tackle 
because of it is complexity. In interviews, some scientists jokingly refer to it as the ‘holy grail’ 
of plant breeding for the developing world. The supposed value of comparative genomics 
and high-throughput analyses for pro-poor plant breeding would be best demonstrated by 
addressing a trait that has been notoriously difficult to crack in the past. Drought tolerance 
is just such a trait.

In practice, the focus on drought includes a number of drought related traits such as aluminium 
toxicity, phosphorous uptake and in some cases completely different traits that turn out to 
be main limiting factors for production. For example, in some cases drought is an important 
limiting factor for production, but improved drought resistance only provides added value if 
a certain disease or pest is addressed as well. This can be a reason for specific GCP projects 
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to widen their focus on different traits, especially in the downstream variety development.95 
Moreover, it is important to note that drought as such is a very complex trait, which is manifest 
through very different mechanisms. In practice this means that research is focused on different 
genetic mechanisms which are of relevance in different drought prone environments, for 
example depending on the moment of drought stress early or late in the growing season.

With drought tolerance as priority trait, the priority setting exercise conducted by GCP needed 
to identify areas where the need for improved food production was highest, where drought 
was indeed a serious limiting factor, and where there was a scope for improvement through 
the release of improved seed varieties. Only in that context would the work of GCP have a 
significant added value. A farming systems approach has been taken as starting point for 
identifying what reasonable target areas could be. In 2001, John Dixon et al. (2001) developed a 
list of farming systems related to poverty in six main developing regions.96 Two types of criteria 
were used to identify these farming systems: first the available natural resource base, climate, 
typography, farm size and tenure; secondly, household livelihood patterns, technologies and 
farm management and organisation. These criteria led to a list of 72 distinct farming systems, 
with an average agricultural population of about 40 million (FAO 2001). Together, they form 
a global map of agricultural production in the developing world that cuts across national 
boundaries and provide a novel view on their constraints and potentialities.

GCP has chosen to take these farming systems as heuristic for identifying problem regions, 
and selected for the farming systems in which chronic poverty was apparent, and drought a 
major limiting factor for production (Generation Challenge Programme 2006). As poverty 
indicator, the number of children that are stunted in their growth (poor growth in length for 
age) had been chosen, since this indicates malnourishment over a prolonged period in time. 
A number of 2.5 million stunted children per farming system was set as threshold. In order to 
select for drought stress in a farming system, a failed season drought model was developed, 
indicating what areas would be most prone to drought stress in agricultural cultivation. The 
overlaying of these data on the map of global farming systems led to a selection of priority 
farming systems in which chronic poverty was a major issue and drought a major limiting 
factor for agricultural production. After leaving out a number of farming systems based on 
trees or pastoralism (farmers with livestock) for which different mechanisms of poverty are 
thought to play a role, a set of 15 target farming systems remained. In order to determine 
whether crop research could indeed be an appropriate response to the problems in these target 

95 A concrete example is a project on cassava, in which new genetic variation from Colombia is brought 
to Africa in order to address drought tolerance. However, in validating the material in Nigeria, virus 
infestation appeared to be a major limiting factor, not only to production, but also to the breeding 
programme itself. Although the primary focus of the GCP project is on drought tolerance, the same 
genetic tools and knowledge can be used to start selecting for virus resistance as well.
96 These six regions are: Sub-Saharan Africa, Middle-East and North Africa, Eastern Europe and Central 
Asia, South Asia, East Asia and Pacific, Latin America and Caribbean.
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farming systems, the productivity of the major crops in these systems was assessed in order 
to verify that the chronic malnourishment that was identified indeed corresponded to poor 
agricultural production (Hyman et al. 2008). Since this was the case, it was concluded that 
genetic improvement could potentially help to increase food production and hence alleviate 
poverty. Next to identifying 15 target farming systems, a number of 13 priority crops were 
identified that represent 95% of the cultivated area in those farming systems.97 See Table 6.1 
for an overview of the priority farming systems for the GCP and their main crops.

15 target farming systems, 13 priority crops and one priority trait: that is the main result of 
the priority setting exercise as conducted by the Generation Challenge Programme. The list 
of target farming systems and their major crops provides a concrete narrowing down of the 
research focus for the Generation Challenge Programme. It helps to concentrate the GCP 
funds on a limited number of crops, and prevents a dilution of funds and a loss of impact of the 
research. But what do these priorities mean in terms of research agenda, and the addressing 
of needs of the resource poor?

Challenges for a science-led research programme

The aim of the Generation Challenge Programme is that its upstream genomics research into 
mechanisms of drought tolerance leads to outputs that are ultimately relevant for resource 
poor farmers in drought prone areas. The priority setting exercise as elaborated above has 
provided the programme with a legitimation for focusing on drought, and has indicated in 
what farming systems and crops this research is most likely to have an impact. In fact, this 
priority setting exercise is a very explicit way of technically defining what would constitute 
an appropriate technical output of the GCP. What is remarkable in that respect is that the 
operationalization of appropriateness has taken place in relative isolation of a concrete farming 
system, and the problems that farmers encounter in real life. Clearly, there is a wide legitimacy 
for addressing drought tolerance, but it seems fair to conclude that the research agenda is 
primarily science-led. This raises the question to what extent such a technical and science-led 
operationalization of appropriateness is legitimized in order to produce useful technologies 
for resource poor farmers, and to what extent it represents a specific perspective on how 
agro-technological development should be organised.

In this respect, a first observation that can be made is that the legitimacy of a top-down 
science driven approach to some extent depends on the kind of trait the programme is working 
on. For some traits – or technical solutions in general – a very precise and locally specific 
understanding of the problem is essential for successfully solving it. Disease or pest resistance 
is such a trait, which strongly depends on local climatic conditions, crop ecology and local 

97 These 13 crops are: barley, beans, cassava, groundnut, maize, millet, potato, pulses (specifically cowpea 
and chickpea), rice, sorghum, sweet potato, and wheat (Hyman et al. 2008).
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strains of viruses. The way this applies to drought tolerance as a trait depends much on the 
understanding of this trait. As mentioned before, drought tolerance in general is a trait that 
can be useful for many farmers, regardless of their precise circumstances or cropping system. 
However, taking a closer look at the trait reveals its complexity, its frequent co-occurrence 
with other problems with soil fertility or toxicity, and with the vulnerability of crops to 
pest infestation. This means that in practice, a very local understanding of the production 

Table 6.1. Priority farming systems for the Generation Challenge Programme (Hyman et al. 
2008). Regions are listed in order of highest to lowest absolute number of stunted children per 
farming system. For each farming system, the main crops are given.

Region Farming system Crops in farming system

South Asia Rice-wheat Rice, pulses, (chickpea), millet, wheat, maize, bean
South Asia Rainfed mixed Rice, millet, sorghum, chickpea, bean, groundnut, 

maize, wheat
East-Asia and the 

Pacific
Upland intensive 

mixed
Maize, rice, wheat, sweet potato, potato, bean

East-Asia and the 
Pacific

Lowland rice Rice, maize, wheat, sweet potato, groundnut

South Asia Rice Rice, pulses (chickpea)
Sub-Saharan Africa Cereal-root Sorghum, millet, pulses (cowpea), maize, groundnut, 

cassava
Sub-Saharan Africa Maize mixed Maize, cassava, sorghum, pulses, groundnut, millet, 

bean, sweet potato
South Asia Highland mix Rice, maize, wheat, potato, groundnut, pulses 

(chickpea)
Sub-Saharan Africa Root crop Maize, cassava, rice, sweet potato, cowpea, sorghum, 

groundnut, bean
South Asia Dry rainfed Sorghum, millet, chickpea, groundnut, bean
Sub-Saharan Africa Agropastoral millet/

sorghum
Millet, sorghum, pulses, groundnut, maize

Latin- America and 
the Caribbean

Maize-beans Maize, bean, sorghum

Sub-Saharan Africa Highland temperate 
mix

Maize, wheat, sorghum, barley, millet pulses

East-Asia and the 
Pacific

Temperate mixed Maize, wheat, potato, groundnut, millet

East-Asia and the 
Pacific

Highland extensive 
mixed

Rice, maize, wheat, potato, groundnut, pulses
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constraints will probably be needed to successfully develop new crop varieties that can deal 
with the specific circumstances on a higher level of detail.

Having said that, it is possible that a limited number of genetic mechanisms in fact determines 
drought tolerance across a wide range of crops and circumstances. For example, the ability 
of a crop to perceive drought and to adapt its metabolism accordingly may be regulated by 
a very specific genetic switch, in a wide range of plants. The discovery of such a mechanism 
would mean that basic genetic research can have a great influence on the development of 
drought tolerant crops, in spite of the different manifestations of drought stress/tolerance in 
different environments. In that sense, the success of a generally science driven approach to 
address a trait like drought tolerance will depend on the genetic mechanisms that play a role, 
which in turn means that it is an empirical question which will only become clearer during 
the research of GCP itself.

However, next to the technical variation in what drought stress means, there may be completely 
different factors at play that limit agricultural cultivation, and that remain opaque in a merely 
technical view on what appropriate technology is. For example, while a specific farming system 
may be characterised as ‘drought prone’, that does not mean that providing drought tolerant 
varieties is the most apt way of addressing poor agricultural performance. In fact, actual 
problems in cultivation may have less to do with the poor quality of the varieties being grown, 
than with political decisions on land use within a country. Take for example the ‘maize-beans 
farming system’, which is the only target farming system of the GCP in the Americas. If this 
farming system is diagnosed with sub-average production levels, genetic improvement of 
maize or beans may clearly be one potential solution. However, in many Central American 
countries, an unequal division of fertile lands is a well known and historical problem since 
the colonisation of the continent (Morley 2001). If the most fertile lands are in the hand of a 
small rich elite, and to an important extent dedicated to export crops such as coffee or fruit, 
the reason that many other farmers have sub-optimal yields may as much be related to the 
division of fertile land, as to the quality of their germplasm (Garst and Barry 1990). Clearly, 
such locally diverging, socio-political dimensions of problems in agricultural production are 
not taken on board in the research priorities of the GCP.

The argument that arises is that a priority setting exercise based upon statistics of chronic 
undernutrition and models of drought stress on agriculture may provide a legitimation for 
focusing on drought tolerance in certain crops for certain regions, but that a more localized 
understanding of the problems and potential solutions may be required to really contribute 
something useful for agricultural cultivation. This creates some tension between a general focus 
on upstream genomics research to drought tolerance, and the diversity in local manifestations 
of the problem at hand. How the Generation Challenge Programme addresses this tension 
will be discussed in the upcoming sections.
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A final challenge that arises is related to actually reaching the resource poor farmers that are 
targeted by the research programme. Arguing that specific genetic technologies can have an 
impact in farmers’ fields is not the same as arguing that the impact is especially relevant in the 
context of poverty alleviation. Andy Hall et al. concretely describe a concrete manifestation of 
this problem in a project on the improvement of post-harvest conservation of mangos (Hall 
et al. 2003; Hall et al. 2004a). In this project, technical assistance was intended to benefit 
resource poor mango farmers, but Hall et al. report that in practice the innovation process 
was dominated by large-scale, non poor mango producers who were most actively involved 
in mango export. By failing to investigate stakeholder agendas at an early stage of the project, 
not only innovation itself was impeded because of institutional constraints, but – at least as 
important – the chance that anything coming out of the project would actually benefit resource 
poor mango farmers was very low.

Obviously, the kind of downstream research partners that GCP works with matters enormously 
in order to make sure that products do not only reach farmers’ fields, but to make sure that 
they also actually contribute to poverty alleviation among small scale farmers. Concretely, 
this requires GCP to go further than making sure that downstream partners are able to take 
up the outputs of upstream genomics research and translate them into new crop varieties. 
Instead, it requires the programme to very consciously evaluate who the farmers are that are 
targeted by the downstream research partners, and are therefore most likely to benefit from 
the GCP products.

Note that the appropriateness of technological development here no longer primarily depends 
on the material design of the drought resistance technology. In fact, in spite of the claim 
that drought tolerance as trait is essentially of most relevance for resource poor farmers in 
drought-prone areas, it might as well as unlock new arid areas for industrialized farming that 
would not have been remunerative for cultivation without better drought resistant crops. In 
other words, while in a concrete context of application the precise material design of new crop 
varieties can be expected to be of relevance, on the more upstream level at which GCP works, 
it is of crucial importance to embed the technology in an institutional setting that ensures 
its appropriateness for resource poor farmers, rather than relying on the trait is relevance for 
resource poor farmers alone.

Complementary innovation systems

In discussing the challenges for GCP to contribute to agricultural development for resource 
poor farmers, the issues that emerge are in fact directly related to the tension between bottom-
up versus top-down innovation trajectories. While a bottom-up technology development 
project may be closely in touch with local needs and circumstances, it is unlikely to engage in 
comparative genomics research and to harness its potential to find new genetic mechanisms 
of dealing with drought stress. It takes a significant amount of upstream scientific work to 
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actually be able to unlock this ‘genetic potential’ which is thought to be present in existing 
germplasm collections. On the other hand, a science led activity will always have difficulties 
in dealing with the peculiarities and complexities of different production systems ‘on the 
ground’. It may provide generally applicable solutions, but their adaptation to different local 
situations is quite another challenge, which is generally taken up by local research institutes, 
extension services or development projects. But does that mean that science-led innovation 
in new crop varieties is inherently less appropriate than bottom up innovation processes?

Rather than continuing the top-down versus bottom-up dichotomy with its apparent 
contradictions, it seems more appropriate to explore the complementarities between both 
approaches, like advocated by the Systems of Innovation framework. This conceptual framework 
has recently been adopted by a number of scholars as a new perspective on the question of 
how to organise biotechnology development for resource poor farmers. The framework goes 
back to the conceptualization of ‘National Systems of Innovation’, as originally developed by 
authors like Freeman (1987), Nelson (1993) and Lundvall (1992), somewhat more recently 
reviewed by Charles Edquist (1997), and summarized in relation to development issues by 
Andy Hall (Hall and Yoganand 2004; Hall et al. 2004c; Hall 2005).

According to Hall (2005) the concept of National Systems of Innovation emerged because 
conventional economic models had limited power to explain innovation, which was viewed 
conventionally as a linear process driven by research. In contrast, the innovation systems 
framework sees innovation in a more systemic, interactive and evolutionary way, whereby 
networks of organisations, together with the institutions and policies that affect their innovative 
behaviour and performance, bring new products and processes into economic and social use. 
The framework has become rather popular during the last decade and is frequently used to 
understand and strengthen innovation at national, regional and sectoral levels.

The conceptual framework of systems of innovation consists of a wide, but somewhat diffuse 
body of literature with various approaches. In addition, these approaches have changed over 
the last few decades (Smits and Kuhlman 2004). In Box 6.2, some key points are summarized 
that characterize contemporary thinking about Systems of Innovation.

The Systems of Innovation framework provides a helpful tool to conceptualize the innovation 
process and the role of different institutions and activities as part of the larger innovation 
system. However, it does not provide a single model of how innovation should be organised. 
For example, Andy Hall has concretely explored the importance of agricultural innovation 
systems, and has indicated both their diversity and complementarities. Rather than formulating 
the ideal type agricultural innovation system, he elaborates a genealogy of different types of 
innovation systems in international agricultural development (Hall 2005). This genealogy 
ranges from highly science driven public sector research, via R&D led agribusinesses, to pro-
poor participatory innovation for complex agro-ecologies. More important than the exact 
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typology of agricultural innovation systems, he argues that the recognition of diversity in 
innovation systems is important for a number of reasons:

“Firstly, it allows policy and capacity development activities to recognize and 
support the co-existence of different types of innovation capacity. This helps 
break out of the false dichotomy whereby old practices are vilified at the expense 
of new without recognizing synergy. Secondly, it allows emphasis to be given to 
ways of strengthening the strategic, purpose-oriented interaction of these systems 
at various points of intersection. This shifts attention to complementing and 
integrating different ways of producing and using knowledge rather than arguing 
for homogeny and, for example, insisting that all approaches having to become 
participatory or partnership based or that all approaches have to be science-
led. Clearly neither of these propositions is workable and could undermine well 
intentioned capacity development efforts.”

(Hall 2005, p. 627-628)

Hall stresses the complementarity of different innovation systems and the roles that different 
institutes can play. But at the same time, he acknowledges that a challenge still lies ahead in 
actually linking different types of innovation systems and for example bringing biotechnology 

Box 6.2. Key elements of the Systems of Innovation framework (Hall and Yoganand 
2004).

•	 The Systems of Innovation framework has a focus on innovation processes, rather than 
on mere production of knowledge.

•	 The framework conceptualizes research as part of the wider process of innovation, 
and therefore helps in identifying the scope of the actors involved and the wider set of 
relationships in which research is embedded.

•	 It breaks out of the dichotomy between technology-push and demand-pull theories. 
Instead, it recognizes that both processes are potentially important at different stages 
in the innovation process.

•	 It recognizes that the institutional context of the organisations involved promotes 
dominant interests and shapes the outcomes of the innovation system as a whole. It 
therefore urges to examine and reveal which agendas are being promoted, and highlights 
the arena in which the voice of the poor can be promoted.

•	 It recognizes a system of innovation as a social system, and therefore does not just focus 
on the degree of connectivity between different elements, but on learning and adaptive 
processes.

•	 It is a framework for analysis and planning, and not restricted to a single disciplinary 
convention.
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innovation systems to bear on farmer participatory innovation systems. This is exactly the 
challenge for GCP in linking up with different downstream research partners. A potential 
complementarity may be observed between the upstream research that GCP funds, and 
the engagement with the complexity of farmers on the ground that farmer participatory 
innovation systems are best at, and which is more typical for GCP’s vertical research projects. 
But the question is how this complementarity can be best exploited in practice, and whether 
an innovation chain in which upstream outputs are transformed into a series of downstream 
inputs is the most useful heuristic. Considering the interest in technology development that 
takes local innovation capacity and diversity in production systems as starting point (as 
expressed in Chapter 3), it may be worthwhile to consider how GCP outputs can be valuable 
in a wider range of downstream development trajectories, and what would constitute an 
effective technical interface between upstream genetic resources and downstream applications.

Complementarity in practice: different research partners and technology 
as a service

The first attempt of the Generation Challenge Programme to exploit the complementarity 
in science-driven and bottom-up innovation processes is by strategically investing in the 
aforementioned horizontal and vertical research projects. While horizontal research is more 
upstream and focused on the general understanding of genetic mechanisms behind drought 
tolerance, vertical research projects are committed to the delivery of concrete new crop 
varieties, adapted to the specific problems of farmers in a specific region. These vertical 
research projects are also responding to prioritized needs of farmers, beyond the focus on 
drought tolerance, and hence they are argued to be more demand driven than horizontal 
research projects. Because of their more downstream and focused nature, they do have to take 
into account what the concrete manifestation of drought stress is on a local level, and how 
problems of agricultural production are often a combination of a wider set of factors. Whether 
this is a successful approach in practice depends on the evaluation of the specific vertical 
research projects. However, in terms of linking upstream research with downstream variety 
development, this approach demonstrates the possibility to combine different innovative 
dynamics within the same programme, ideally leading to an optimal integration of perspectives 
and interaction between different levels of innovative activity.

In addition, as becomes clear out of an inventory of its projects, the GCP is capable of linking 
up with a wide range of downstream research partners, with different technical needs and 
objectives. The most obvious downstream research partners for the Generation Challenge 
Programme are the national agricultural research institutes in any developing country. These 
are the kind of institutes that have been beneficiaries of CGIAR related research for decades, 
and which generally play a central role in the agricultural policies and research of developing 
nations. However, in practice, the range of partners appears to be wider than just these 
national research institutes. A nice case in point is the recently started project on common 



Reflexive biotechnology development  155

 Linking upstream genomics research with downstream development objectives

bean (Phaseolus vulgaris L), which is focused on the Maize-Beans target farming system in 
Central America, and focuses on drought stress and diseases that occur under drought and 
low soil fertility conditions. The project is headed by a scientist from INIFAP98, the Mexican 
national agricultural research institute, but has partners in Mexico, Nicaragua, Cuba and 
Haiti. What makes this project special is that the partners from the countries involved, are 
very different in character. While the development of varieties and dissemination of seed 
in Mexico will be carried out with an organisation of bean producers, the partner in Cuba 
is the national research institute that will use the GCP outputs for participatory breeding 
with Cuban farmers. In Haiti, little public investments are made in agricultural research and 
extension, and a national agricultural research centre is lacking. Therefore, contact has been 
made with an NGO (‘ORE’) that will be engaged with the dissemination and evaluation of 
new bean varieties that will be produced as part of the GCP project.

These completely different downstream organisations demonstrate a certain flexibility of the 
GCP in terms of linking up with different research partners. This observation is significant 
against the background of the discussion in Chapter 3 on the prescriptiveness of homogeneous 
modernisation processes. The variety in downstream research partners and their approaches 
to agricultural development demonstrate that the upstream GCP research does not preclude 
a diversity in its operationalization on a downstream level and that it does not put a major 
restriction on the kind of collaborations that are set up. In addition, the diversity in downstream 
research partners illustrates that rather than an innovation chain, an innovation network may 
be a more appropriate heuristic to map and represent the interactions between the upstream 
GCP innovation system and a range of different downstream innovation systems.

Technology as a service – The Genotyping Support Service

The complementarity between horizontal and vertical research projects, and the collaboration 
with different types of downstream research partners may indicate an institutional flexibility. 
However, in practice it does introduce new technical requirements for the outputs of GCP. 
This is for example visible in the differences between the participatory breeding programme in 
Cuba, and the NGO in Haiti that does not have the capacities to get involved in breeding, but 
will focus on dissemination of improved seeds. For the GCP project, this means that outputs 
will have to be attuned to different needs; concretely that a wider breeding population with 
some diversity will have to be provided for the participatory breeding exercise in Cuba, while 
a limited set of finished varieties can be disseminated in Haiti. However, the question of what 
kind of technical interface would support a meaningful complementarity between science-led 
and bottom-up innovation has a wider relevance.

98 INIFAP = Instituto Nacional de Investigaciones Forestales, Agrícolas y Pecuarias.
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The GCP produces a wide range of ‘technical’ outputs, which include knowledge about 
genes, traits, molecular markers to introgress such genes, and potentially parental material 
containing new traits (like drought resistance) to be incorporated in breeding programmes. 
In addition, GCP creates communities of scientists working on the same crop, technology 
platforms and genomic maps of crops that are of wider use and significance. These outputs 
may be useful in wide range of settings, but they do require a certain level of expertise to be 
taken up in further downstream research or variety development. The most straightforward 
way of dealing with this problem is to invest in downstream capacity building, which is the 
main burden of subprogramme 5. The activities of this subprogramme include the setup of 
training courses, exchange programmes of scientists, and other capacity building activities 
that are primarily aimed at increasing the level of up-to-date knowledge about genetics, the 
interpretation of genetic data and the use of molecular markers in breeding programmes.

In addition, a more structural problem has been identified with the use of molecular markers 
and other genetic analyses because of the lack of basic infrastructure with many research 
partners in the south. Access to electricity, clean water, personnel for technical assistance, 
and reagents may be structurally difficult, and not easy to overcome by a couple of capacity 
building exercises, or investments from the GCP.99 For this reason, a Genotyping Support 
Service (GSS) has been set up that allows the outsourcing of genetic analyses to specialized 
institutes in developed countries at competitive prices. The GSS plays an intermediate role in 
helping research partners to develop research proposals, in linking with specialized genotyping 
institutes, and in interpreting the data that come out of the exercise. While the exact genotyping 
activity can be tailored to the needs of the research partner, in general two kinds of major 
categories are distinguished in the proposals for the GSS: (1) determining the genetic diversity 
in breeding material or germplasm bank accessions, and (2) running marker assisted selection 
in a population on a trait for which markers are available.

Although the Genotyping Support Service can be seen as a way to overcome bottlenecks 
in using the other outputs of the GCP (like molecular markers for drought), it also allows 
for completely different uses, and interesting synergies between different projects. Take 
the example of groundnut research at three different partners of GCP in Brazil, Bolivia and 
Senegal. Groundnut (Arachis hypogaea L.) is the most widely cultivated legume in Africa, with 
most of the production originating from drought-prone areas. Drought considerably reduces 
yield and production. Cultivated groundnut has a narrow genetic basis and the first step for 
improving drought tolerance in this crop is by enhancing genetic diversity. GCP is involved in 
a project in Senegal, one of the main groundnut producers in West Africa, aimed at evaluating 
new sources of drought resistance in groundnut. The Brazilian agricultural research institute 

99 See also similar experiences of the Convergence of Sciences project, as reported by Richards et al. 
(2009).



Reflexive biotechnology development  157

 Linking upstream genomics research with downstream development objectives

EMBRAPA100 had earlier been involved in projects aimed at widening the genetic base of 
Brazilian groundnut production, and had been successful in making some distant crosses 
between cultivated varieties and wild varieties of groundnut. Meanwhile, in Bolivia – the 
centre of origin of groundnut and still home to a wide diversity of the crop – PROINPA101 is 
involved in mapping and conserving groundnut diversity. Like in many countries, the diversity 
in traditional landraces has come under pressure with the introduction of improved varieties 
from developed countries. PROINPA has a mandate from the Bolivian government to be a 
curator for certain germplasm collections, and as such is concerned with maintenance of 
existing crop diversity. In addition, the foundation is interested in breeding with traditional 
landraces in order to provide Bolivian groundnut farmers with varieties that both have good 
agricultural characteristics, and fit the needs of Bolivian consumers.

A problem for PROINPA is the collection and categorization of their collection of groundnut 
germplasm, which makes its valorisation for future breeding activities more difficult. 
Conventionally, phenotypical (morphological) characteristics were used to categorize 
accessions of the seed bank. However, since the appearance of groundnuts (and other crops) can 
be strongly influenced by environmental conditions, this is a rather inefficient and unreliable 
way of mapping diversity. In order to get a better idea of the real genetic diversity that is 
present in the Bolivian groundnut collection, a proposal was submitted for the Genotyping 
Support Service in order to fingerprint the collection, and to map the diversity that is present. 
This resulted in a set of genetic information that provided a much more precise image of the 
diversity within the collection, and its position vis-à-vis other groundnut collections. Moreover, 
it became clear that the Bolivian collection contains a number of accessions that are unknown 
to other seed banks of groundnut, and are therefore potentially valuable sources of new traits.

For PROINPA in Bolivia, this exercise was about getting a better idea of the diversity that is 
present, in order to make better use of it in future breeding programmes. However, obvious 
synergies emerge with the work of EMBRAPA in Brazil and the GCP project on groundnut 
in Senegal. While EMBRAPA has experience with actually widening the genetic base of 
groundnut through crosses with wild relatives, the additional genetic diversity that can be 
created this way may be very valuable for the project in Senegal. What this demonstrates is 
that the combination of gene discovery, marker development, marker assisted breeding and 
genotyping technology can be used in very diverse context, with different objectives.

In addition, a fruitful link between the Genotyping Support Service and ‘pro-poor participatory 
innovation for complex agro-ecologies’ can be indicated. Already, research partners are not 
required to be able to extract DNA from their germplasm collection: instead, providing tissue 
material from plants to be screened is sufficient for the specialized genotyping lab to extract 

100 EMBRAPA = Empresa Brasileira de Pesquisa Agropecuária.
101 PROINPA = Promoción y Investigación de Productos Andinos.
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DNA and to perform the analysis. If this kind of service is not only provided by GCP but 
becomes an integrated service of many national research institutes, it is only a small step to 
offer local and small scale participatory breeding programmes to provide marker assisted 
selection, in addition to the participatory selection with farmers. The value of such a service 
would lie in the selection for traits that are difficult to assess by farmers, because they are not 
visible to the eye. Examples include the processing quality of potatoes, which depends on the 
sugar content of potatoes, or horizontal disease resistance which depends on the presence of 
a number of quantitative genetic elements. For farmers it is nearly impossible to assess the 
difference between strong vertical resistance that easily breaks down, and somewhat weaker 
horizontal resistance that is expected to be much more durable.

If selection on such difficult traits by markers is complemented by a participatory breeding 
programme in which farmers themselves can identify what kind of new varieties would suit 
their production best, we can speak of a truly successful linkage between the complementary 
capacities of molecular scientists and farmers. The effects of such an approach would go 
beyond making breeding more efficient. In terms of social relations of innovations, it implies 
that genetic approaches to breeding do not require an externalization of the breeding and 
selection process, but rather that the genetic perspective becomes an integrated part of an 
innovation process that is essentially led by farmers themselves, as part of a participatory 
breeding programme.

Discussion – The potential for a service-like approach to agro-
technological innovation

This thesis is investigating how genetic technologies for agriculture are made appropriate 
for resource poor farmers in three very different projects, and how the operationalization of 
appropriateness relates to a specific strategy for agricultural development. As has become clear 
from this chapter, the analysis of the appropriateness of technologies, and their relationship 
with a specific strategy of agricultural development depends significantly on the relative 
position in an innovation system that is being studied. While the case studies in the previous 
two chapters allowed for a more or less contextualized understanding of the function of 
breeding technologies, and their social meaning within a concrete production system, a similar 
analysis on the level of upstream genomics research makes little sense. The argument is not that 
at an upstream level no assumptions are being embedded in the development of technologies, 
or in the selection of priorities. Clearly, also the Generation Challenge Programme makes 
specific choices regarding the farmers it is targeting and the traits that are of most interest to 
those farmers, as illustrated by the GCP priority setting exercise.102 However, what has become 
clear is that the development of genomic maps, the understanding of genetic mechanisms 

102 In addition, consider the discussion on the assumptions taken on board in the CIMBAA project at 
an early phase in the innovation process; Chapter 4.
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underlying drought tolerance, and especially the setting up of a Genotyping Support Service 
can become instrumental in a great variety of ways and in a great range of downstream 
projects. For that reason, it makes little sense to discuss or define the appropriateness of 
these technologies – or rather scientific results – as such. Instead, the relationship of this 
upstream domain with more applied technology development constituted a more relevant 
locus for investigation.

In discussing this relationship between the upstream research and downstream applications, an 
important argument has been borrowed from Andy Hall (2005) to move beyond a dichotomy 
between top-down and bottom-up innovation dynamics, and to look at the complementarity 
of these approaches instead. In exploring this complementarity in the context of the GCP, 
it becomes apparent that the kind of technologies and knowledge that GCP produces are to 
an important extent enabling technologies, or tools in further research. Rather than creating 
concrete artefacts that farmers can use in their production, the production of genomics maps, 
knowledge about genetic mechanisms, or in a later stage molecular markers allow downstream 
research partners to advance their breeding programmes on a local basis. This means that a 
potentially very important distinction emerges between the technologies and crop varieties 
discussed in the previous two chapters, and the kind of technologies that are the outputs of 
GCP research. Rather than providing solutions for agricultural problems, the GCP provides 
a pool of upstream genomics knowledge, capacity and research tools to allow different types 
of downstream research partners to develop their own solutions. The most convincing and 
extreme example of this approach is the Genotyping Support Service, which very explicitly 
does not provide an agricultural product, but a service that can be plugged into different types 
of research programmes, depending on local needs.

As such, the GSS in particular demonstrates how upstream genomics knowledge can be made 
accessible upon demand, and cannot replace essential parts of bottom up participatory work, 
but can be an important complementary element in developing relevant new crop varieties 
for resource poor farmers. This also creates a situation in which bottom-up and top-down 
innovation systems are not conflicting or contradictory, but potentially complementary. The 
availability of a pool of genomics information and genotyping facilities would then create an 
interface between upstream genomics information and local participatory innovation systems 
that allows its use in a locally defined and tailored way.

It is important to stress that this positioning of the Generation Challenge Programme, or the 
Genotyping Support Service does not in itself solve all dilemmas regarding the local adaptation 
of agro-technological innovation. As mentioned before, the downstream research partners 
that the GCP collaborates with are of extreme importance for the further development and 
application of genetic tools made available by GCP research. The observation has been made 
that GCP is capable of collaborating with a wide variety of downstream research partners, 
both in terms of the institutional linkages it creates, as well as in terms of its technological 
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outputs. This at least illustrates the practical complementarity of upstream genetic research 
with various kinds of local organisations involved in agricultural development. However, as 
mentioned before in this chapter, in order to actually contribute to poverty alleviation, GCP is 
required to go further than making sure that partnerships are made with downstream partners, 
and that they are able to take up the outputs of upstream genomics research and translate 
them into new crop varieties. In addition, it requires the programme to very consciously 
evaluate who the farmers are that are targeted by the downstream research partners, and are 
therefore most likely to benefit from the GCP products.

For example, CGIAR institutes and programmes (like the Challenge Programmes) commonly 
work with the institutes of the national agricultural research systems (NARS) in different 
developing countries. However, these institutes may have different organisational mandates 
or objectives than those of the CGIAR or GCP. For example, while the GCP aims to contribute 
to food security among resource poor farmers in developing countries, national research 
institutes may have a stronger focus on increasing national food productivity or the revenues 
from agricultural exports. In practice, these objectives can lead to research programmes 
for relatively large scale farmers, well connected to modern agricultural inputs, in the most 
favourable regions of a country. In other words, they do not necessarily target the most 
resource poor farmers of their country, but the farmers with highest return on investment for 
their research. While this may be fair enough from a national perspective, if this happens it 
would imply a disconnect from the objectives to focus agricultural development on poverty 
alleviation. Similarly, even if coherence in institutional mandates and objectives is not the 
problem, not all downstream research partners may have the affinity or capacity to set up 
participatory development projects. So, in summary, the institutional objectives and capacities 
of downstream research partners remain crucial for the final adaptation and application of 
new crop varieties or genetic technologies.

In spite of such comments and reservations, the Generation Challenge Programme does 
provide a valuable example of how diversity and multiplicity in innovation trajectories can take 
shape, based upon the combination of explorative horizontal and focused vertical research 
projects, the collaboration with a diverse set of downstream research partners, and by using 
the Genotyping Support Service as technical interface to connect upstream genomics research 
data to a wide range of bottom-up research projects. This approach does not reduce the 
importance of a careful selection of downstream research partners. In addition, it may make 
demonstrating the exact impacts of GCP research more difficult; an aspect that will be further 
discussed in the final chapter of this thesis. However, in terms of linking genomics research 
to development objectives, the networked nature of the Generation Challenge Programme, 
and the service-like character of the Genotyping Support Service may just be the institutional 
arrangements that allow upstream genomics science to meaningfully impact upon a multitude 
of downstream research partners contributing to developing world agriculture.
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Discussing the diversity in approaches to agro-technological 
innovation

”Creative adaptation […] is not simply a matter of adjusting the form or recoding 
the practice to soften the impact of modernity; rather, it points to the manifold 
ways in which a people question the present. It is the site where a people ‘make’ 
themselves modern, as opposed to being ‘made’ modern by alien and impersonal 
forces, and where they give themselves an identity and a destiny.”

(Gaonkar 2001b, p. 18)

Introduction

The conceptual discussions in Chapter 3, and especially the case studies in Chapter 4 to 6 have 
provided quite a lot of food for thought regarding possible approaches to agro-technological 
innovation. This final chapter will look back upon the case studies and aims to provide a 
synthesis of the research findings and their conceptual and practical implications. In order to 
do so, it will provide a comparative analysis of the three case studies presented in Chapters 4 to 
6, and will discuss the conceptual and practical implications of their findings for contemporary 
innovation policy in the context of international agricultural development. First, however, 
the main topic of discussion will be reintroduced, as well as the key concepts that have been 
used for the case study analysis.

Recapitulation of the study’s focus and key concepts

The research presented in this thesis was motivated by an interest in the development of 
appropriate genetic technologies for agricultural development for resource poor farmers. 
The introductory chapter elaborated why genetics and genomics may be expected to have 
the technical potential to contribute to the development of new and useful crop varieties for 
farmers around the world. However, at the same time the question was raised to what extent 
technology development not only addresses a specific problem in agricultural production, 
but also reflects a very specific approach to agricultural development, taking important 
assumptions on board regarding the production system in which new crop varieties will have 
to perform and the roles and responsibilities of farmers in that production system. In other 
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words, agricultural development is emphatically studied as not only a technical issue, but as 
a profoundly social and political issue.

This general research focus led to two major research questions that have been guiding in 
the case study analysis in this study. These questions – as more extensively introduced and 
discussed in Chapter 2 – are:
•	 How do contemporary projects of pro-poor agricultural biotechnology development 

operationalize their pro-poor focus, and what criteria are – implicitly and explicitly – 
taken on board in that consideration?

•	 How are farmers conceptualized as end-users in the operationalization of appropriateness, 
and what does that mean for their involvement in the innovation process and for their 
position in the future production process?

These research questions were further operationalized through a set of study questions (see 
Chapter 2), which explicitly focused on the institutional context in which agro-technology 
development was taking place, and the underlying (often implicit) perspectives on the future 
model of agricultural production.

As elaborated in Chapter 3, this questioning of the changing social relations in agricultural 
innovation and production has a background in critical studies of biotechnology and 
agricultural modernisation, that go back to the late 1980s. Studies of Goodman et al. (1987) were 
introduced that highlighted two main organizing principles of agricultural industrialisation: 
appropriationism and substitutionism. These elements refer to the gradual externalization of 
aspects of agricultural production, and to the interchangeability of agricultural products, or 
even their replacement by chemical substitutes. Especially the mechanism of appropriationism 
highlights how the notion of what it is to be a farmer is fundamentally changing in an 
industrializing agricultural system. While farmers traditionally have been responsible for 
experimental breeding, variety management, soil fertility and pest management, many of these 
elements have been externalized and converted into industrial inputs for a farmer. This implies 
important changes in the degree to which farmers have access to their means of production, 
as well to the wider infrastructure that farming becomes a part of, and is dependent upon. 

This notion of externalization was further refined by the end of Chapter 3 and a distinction has 
been made between externalization of elements in the production system, and externalization 
of innovation capacity in an innovation system. While the first refers to the decreasing control 
of the means of production by farmers, the second refers to the degree in which farmers are 
involved in innovation processes. These different approaches to agricultural innovation were 
summarized in the dichotomy between farmers that are treated as ‘recipients of technology’ 
or farmers that are treated as ‘co-innovators’ and are hence more prominently involved in 
the innovation system.
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Against the background of these externalization processes, an interest was expressed in the 
possibility to use genetic technologies for agricultural development, without necessarily 
externalizing agricultural innovation to specialized breeding institutes or companies, or 
without transforming farmers’ means of production into industrial inputs for farming. This 
focus was legitimated by the observation that the externalization of agricultural innovation 
capacity and the means of production was correlated to an increased homogenization in 
farming styles. While this may be perfectly legitimate in some contexts, a tension was perceived 
between a standardized package of agricultural advice and technologies, and farming systems 
in difficult environments which are characterised by a high degree of variability and localized 
adaptation. As mentioned in Chapter 3, and illustrated by the uneven distribution of the 
productivity gains of the Green Revolution (Chapter 1), farmers in such areas are likely to 
require a more open-ended approach to agro-technological innovation in which they play 
an important role themselves in developing and evaluating new crop varieties and other 
agricultural technologies. Involving farmers as co-innovators – rather than as recipients 
of technology – is then expected to create an innovation process that is better capable of 
dealing with the micro-scale diversity in farming systems and conditions, increasing the 
capacity of farmers or other local stakeholders to deal with their problems in cultivation 
themselves. This argument led to the tentative formulation in Chapter 3 of an alternative 
model of agricultural development, that would challenge the two dimensions of externalization 
here described. Concretely, this implied challenging the externalization of seed breeding by a 
consideration of how farmers or grassroots initiatives themselves can be empowered in their 
varietal management and seed breeding experiments. In addition, external development efforts 
can be challenged – and complemented – by initiatives of endogenous development (Van 
der Ploeg and Long 1994) or ‘tailor-made biotechnology development’ (Ruivenkamp 2003b, 
2005), that focus on increasing local innovation capacity, rather than on providing externally 
developed generic technical solutions to problems in agricultural production.

From the study’s rationale to the concrete research focus

The extent to which such underlying trends of externalization in agricultural development 
are actively and explicitly questioned and lead to reconsiderations in terms of technology 
development, has been investigated by studying three illustrative cases of contemporary agro-
technological development for resource poor farmers (Chapters 4 to 6). A number of concepts 
have been leading in the study of these cases. First, a notion of ‘reflexive development’ was 
introduced, which has been defined as a process of reflecting upon and responding to the effects 
of development efforts and the comments and criticisms it invokes (Nederveen Pieterse 1998). 
This concept provided a starting point for a case study analysis that was not only focused on 
the different approaches between different projects, but more emphatically on the dynamics 
of institutional learning and change that are taking place and that allow innovative projects 
from different traditions and backgrounds to reflect upon their own role and position in an 
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agricultural innovation system. So, rather than measuring degrees of reflexivity, the concept 
provided the case studies with a starting point and a general initial orientation.

Secondly, the concept of ‘appropriate technology development’ has been introduced, which 
similarly provided an entry point for the case study analysis. As has been stressed before, this 
notion of ‘appropriate development’ is emphatically not defined in a strict or conclusive way. 
Instead, the ambiguity of the concept is acknowledged and used to tease out the various ways 
in which it is operationalized in different projects. This studying of how different projects 
interpret what ‘appropriate technology’ is, was expected to provide insight in both the explicit 
and implicit objectives of a project, about its priorities, assumptions and intended end users, 
and finally about the perspective of how genetic technologies can create an added value in 
the agricultural production of resource poor farmers in developing countries. Importantly, 
the notion of appropriateness is studied in the context of ‘pro-poor innovation’, which also is 
a concept that is likely to be constructed in different ways in different projects. Therefore, the 
discussion of how appropriateness is interpreted and operationalized in various ways implicitly 
also relates to the question of how the qualification ‘pro-poor’ is put in practice. As mentioned 
at the end of Chapter 3, the concept of a pro-poor orientation of a development project is 
guiding for the notion of ‘appropriateness’, since it defines for whom the project or technology 
should be appropriate. Therefore, both concepts can best be understood in combination, 
rather than in isolation. Hence, to put it more precisely, the case study analysis focuses on the 
interpretation of the notion of appropriate technology development for resource poor farmers.

Finally, one of the conceptual expectations for this research was that the social and political 
nature of agricultural development is not only reflected in approaches, strategies and policies 
for development, but also in the material design of new technologies. This idea is captured in 
the notion of the ‘politics of technological design’ as discussed in Chapter 3. More concretely, 
this notion implies that specific assumptions regarding the future of farming may very literally 
become embedded in and reflected by the material design of technological artefacts. These 
assumptions may be related to the specific conditions in which a new crop variety will have 
to perform, and to local pests and diseases, but also to what kind of farming system is being 
supported, and what the roles of different social actors are in an agricultural innovation and 
production system. As such, this exploration of the relationship between technical design 
and social meaning opens the door to a more profound questioning of technological artefacts 
themselves.

A brief overview of the three case studies

These concepts here reintroduced have been central in the analysis of the three case studies 
presented in Chapters 4 to 6. As discussed in Chapter 2, these cases represented different 
institutional contexts in which pro-poor agro-technological development takes place, both in 
terms of their public or private nature of funding, as well as in terms of their focus on upstream 
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research or downstream product development. They may not necessarily be representative 
for the entire range of contemporary projects in which genetic technologies are being used or 
developed for agricultural development. However, they do provide a rich diversity in contexts, 
rationales, mandates and approaches that fuel the discussion in this chapter over the various 
interpretations and operationalizations of appropriate technology development for resource 
poor farmers. This section provides a very brief reintroduction of the three cases studied and 
their main characteristics.

First, the case of the ‘Collaboration on Insect Management for Brassicas in Asia and Africa’ 
(CIMBAA) has been presented in Chapter 4. This project is a public private partnership 
involving a range of Indian and international public sector research institutes, and Nunhems 
Seed (subsidiary of Bayer CropScience) as a private sector company. The consortium is involved 
in the development of transgenic cabbage varieties that – through the expression of two Bt 
genes – are intended to provide effective resistance against the diamondback moth. This insect 
is currently causing major losses in Indian cabbage cultivation, and leads to the application of 
high doses of insecticides. The development of a transgenic crop variety requires the project 
to be involved in both the upstream development and testing of new gene constructs, as 
well as the downstream development and testing of new crop varieties. Vegetable farmers in 
India are generally small scale farmers, and the consortium is trying to take that context into 
account in the process of technology development. Moreover, the project has an additional 
objective in demonstrating that transgenic technology can be used in an effective, safe and 
socially responsible way, in spite of all the controversy that this technology has raised globally 
in the past 15 years. As discussed in Chapter 4, these considerations in terms of reaching 
small scale farmers and in demonstrating the merits of transgenic crops are reflected in a 
range of considerations and adaptations of the technology that is developed, as well as in the 
commercialization strategy that is adopted by the project.

Secondly, Chapter 5 focused on the work of the Centro Internacional de la Papa (CIP, 
International Potato Centre), a research and breeding institute of the Consultative Group on 
International Agricultural Research (CGIAR). In contrast to the CIMBAA case, the work of 
CIP is entirely publicly funded. The contrast this provides is not so relevant for the source 
of funding, as it is for the ambition of the technology developer to gain a commercially 
interesting position in the future production system that is supported. While this ambition 
is clearly present in the CIMBAA case study, this does not play a role for CIP. A similarity 
between both cases is their strong element of downstream product development, and hence 
their direct interaction with farmers and other stakeholders.

Concretely, the CIP case study focused on the efforts of the institute to develop new potato 
varieties without jeopardizing the existing diversity that exists in the potato’s Andean centre 
of origin. In practice, this materializes in efforts to widen the output of breeding programmes 
by releasing a wider variety of clones to farmers that participate in variety selection, and in 
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efforts to add market value to the cultivation of mixtures of potato landraces in the High 
Andes. In addition, a project on the development of virus resistance kits has been described 
and analysed in terms of its capacity to empower farmers in their own on-farm production of 
seed potatoes. Finally, the representation of genetic fingerprinting data in Kipu-like diagrams 
was discussed as an example of how the institute aims to produce outputs that are not only 
useful in terms of their technical functioning, but also acceptable in terms of their social 
meaning and cultural connotations.

Thirdly and finally, Chapter 6 described and discussed the work of the Generation Challenge 
Programme (GCP), one of the four ‘Challenge Programmes’ of the CGIAR. The Generation 
Challenge Programme is committed to the use of comparative genomics, marker assisted 
breeding, and genotyping technologies to improve plant breeding for resource poor farmers. 
In particular, the programme focuses on genetic mechanisms underpinning drought tolerance 
in a wide range of crops. In similarity with CIP, the work of GCP is entirely publicly funded. In 
contrast, however, the Generation Challenge Programme has a much stronger focus on upstream 
genomics research in order to elucidate genetic mechanisms for drought tolerance. This focus 
on upstream research is not exclusive, considering the programme’s ‘vertical projects’ which 
take a much more focused approach to solving specific problems in agricultural production 
and reach down to concrete variety development in a specific environment. However, in spite 
of these vertical projects, the position of the work of GCP vis-à-vis the wider agricultural 
innovation system is markedly different compared to the work of CIP and CIMBAA.

The study of the GCP has focused on the challenge to link upstream genomics research with 
the objective to contribute to poverty alleviation among resource poor farmers in drought 
prone areas. This had led to a discussion on the way GCP has set its research priorities and to 
what extent these priorities are coherent with the programme’s objectives. This in turn led to 
a reflection upon the strengths and weaknesses of a largely science-led research programme, 
and the potential complementarities between different types of innovative activity in an 
innovation system. Especially the Genotyping Support Service was discussed as an example 
of how technology can be treated as a service, stimulating the interaction between upstream 
research activities and their implementation in a variety of different downstream development 
activities.

These three case studies presented in this thesis represent three rather different approaches 
to technological development for resource poor farmers. The following section will more 
profoundly engage in a comparative analysis of these cases, based upon the conceptual 
framework developed in Chapter 3 and briefly reintroduced in the previous section. Later, 
this chapter will reflect upon the conceptual implications of the case study material, and the 
implications for contemporary development and innovation policy.
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Comparative analysis of the cases – Multiple dimensions of 
appropriateness

Three case studies have been presented in this thesis, and all three were shown to explicitly 
reconsider what it means to develop genetic plant breeding technologies for resource poor 
farmers in developing countries. The comparative analysis in this section will focus on the 
various interpretations of the notion of appropriate technology development that have 
provided the rationale for this reflexive process of learning and adaptation. At this point it 
is important to stress – as has been stressed before – that this thesis does not evaluate the 
projects studied in terms of their technical success or efficiency. It does not discuss whether 
– for example – transgenic Bt resistance is a good way to deal with insect infestation, whether 
participatory breeding approaches can reduce the genetic erosion in the Peruvian Andes, or 
whether upstream genomics research can successfully contribute to agricultural production 
in drought prone areas. Rather than getting engaged in such instrumental evaluations, and in 
spite of their validity, this thesis takes the projects as examples of different ways of engaging 
with technological development. Rather than their exact outcomes, and whether they are 
successful in technical terms, their approach, considerations and implications for the social 
structure of innovation processes are the main objects of analysis for this thesis.

The main research questions of this study question how the studied projects operationalize 
their ‘pro-poor’ focus and interpret what it means to provide ‘appropriate’ technologies for 
agricultural development. The upcoming sections elaborate what – based upon the case studies 
– the contours are of a contemporary and practical understanding of appropriate technology 
development in the context of pro-poor innovation. Concretely, the following dimensions of 
the notion of appropriateness can be distinguished and will be discussed below:
•	 Appropriateness in terms of technical functioning.
•	 Appropriateness with respect to the externalization of the means of production.
•	 Appropriateness with respect to increasing local innovation capacity.
•	 Appropriateness in terms of the public perception and cultural connotations of a technology 

and/or technology developer.

These dimensions are further elaborated in the upcoming sections, and lead to the formulation 
of a contemporary understanding of the concept appropriateness.

Appropriateness in terms of technical functioning

The first dimension in which the appropriateness of technological innovation is commonly 
understood is in terms of the technical functioning of gene designs, new crop varieties or 
genotyping technologies in a concrete setting. Technological adaptation must respond to 
specific local priorities and conditions that may require different technical configurations. 
This is the most instrumental level of understanding appropriateness of technology in a local 
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context of application, and although it appears straightforward, it is crucial and may be very 
challenging indeed.

The case studies provided a number of concrete examples of this level of making their 
technological innovations appropriate. First of all, the concrete technologies or crop varieties 
that are being developed are responding to specific objectives. Examples include the use of 
two Bt genes in order to develop effective and durable resistance against the Diamondback 
Moth infestation (Chapter 4), the development of effective resistance to local virus strains 
(Chapter 5), and the identification of genetic mechanisms that are responsible for drought 
tolerance in crops (Chapter 6). However, in addition to the material design of new technologies 
or crop varieties, the social organisation of innovation processes can play a crucial role in the 
technical functioning of such innovations. The clearest example is the use of participatory 
selection trials by CIP in order to identify potatoes with the best characteristics for local 
production systems (Chapter 4). Although such participatory methodologies can be argued 
to have different functions, at least one of them is to increase – in functional terms – the fit 
between the new crop varieties developed, and the preferences of farmers.

These examples illustrate the work that goes into making technological innovations functionally 
appropriate in a given setting. In a very similar vein, the instrumental appropriateness of 
innovations is measured and considered in socio-economic terms. In other words: is the 
technology affordable and remunerative for resource poor, small scale farmers? Especially the 
CIMBAA case study (Chapter 4) illustrated how socio-economic considerations are reflected 
in both the technical design of the gene construct, as well as the commercialization strategy. 
The use of a dual Bt-gene construct theoretically eliminated the need for sowing non-resistant 
refugia. This in turn means that the technology becomes equally attractive for small scale 
farmers, who no longer have to sacrifice a significant part of their holdings to a non-resistant 
crop. Similarly, the efforts to keep the seed price low by not raising a technology fee and by 
stimulating a diversification within the seed market, are an expression of the objective to reach 
resource poor farmers with this technology. Although these considerations relate to the social 
context in which a new crop variety will be marketed, they primarily reflect technical and 
functional objectives in terms of reaching the intended beneficiaries and in terms of providing 
an effective solution to problems in agricultural production.

At this point it should be stressed that, although in this section an analytical distinction has 
been made between the material adaptation of breeding technologies or crop varieties and the 
social adaptation of innovation systems or commercialization strategies, the case studies have 
emphasised their interrelationship in practice. In fact, it is the combination of such adaptations 
that leads to a functional appropriateness in the three case studies. Similarly, sometimes it 
is the embedding of specific new traits (like virus resistance) within the specific context of 
a wider technological package (like diagnostic kits) that allows technological innovation to 
work for resource poor farmers. This observation stresses the importance of considering new 
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technologies, their function and their meaning within the wider context in which they are 
developed and applied.

The functional adaptation of technological development to a specific context and specific end 
users is the first – and perhaps most visible – dimension in which the notion of appropriateness is 
observed to play a role in practice. However, if this instrumental interpretation of appropriateness 
is used to compare the three case studies, no major differences in their approaches come to the 
fore. Clearly, the three cases respond differently to the respective contexts in which they are 
working, to their intended beneficiaries and to the technical challenges they face. However, 
all three share a general commitment to making their technologies functionally appropriate 
for resource poor farmers, which is reflected by their reconsiderations of their technical 
outputs, commercialization strategies and participatory methodologies. This interpretation 
of appropriateness of technological innovation is therefore important to evaluate the degree 
to which a project succeeds in providing a functionally suitable and effective solution to a 
given agricultural problem, but it is not very helpful in distinguishing between the various 
approaches to agro-technological development that underlie the three case studies – as will 
become evident from the upcoming sections.

Appropriateness with respect to the externalization of the means of production

As discussed before in Chapter 1 and 3 of this thesis, the understanding of the appropriateness 
of processes of technological development needs to go beyond a mere evaluation of the 
technical functioning of new technologies and the infrastructures in which they are 
introduced. Therefore, questions were raised regarding the externalization of seed breeding 
and multiplication, and hence regarding the structuring role of specific new crop varieties in 
production systems. The illustrative example of hybrid maize was mentioned as a classic case 
in which the material design of a new crop variety fundamentally changed the agricultural 
production system.

It is at this level that some important differences do become visible between the projects 
studied. The CIMBAA project was argued to have a strong commitment to reaching small 
scale vegetable farmers in India; an aim that was reflected by its strategic use of a dual Bt-
gene construct. However, while the discussion on the release of open-pollinated varieties did 
represent a far going willingness to rethink its role as technology developer, the project does 
implicitly aim at re-establishing the legitimacy and crucial importance of a seed company 
as provider of high quality cabbage seed, and as provider of solutions for pest management. 
In fact, the specific trend that the project supports is one in which a precise control over 
the seed becomes important because of biosafety regulations, as is reflected by the planned 
release of cytoplasmic male sterile hybrids. As discussed in Chapter 4, this implies that seed 
companies with the most advanced genetic facilities will have a competitive advantage over 
seed companies without such facilities. Hence, the technical solution provided by the CIMBAA 
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project may be very useful and effective, but only within the rather industrialized model of 
vegetable production that already exists in India. This model of agricultural production itself 
remains unchallenged.

The CIP case study provided some contrasting elements, and most clearly with the example 
of the development of virus resistance kits. This project relies on the combined use of virus 
resistant potato varieties, cheap diagnostic tests and improved selection processes to allow 
the on-farm production of seed potatoes with low levels of virus infection. This may not 
only allow for an improved management of viruses during cultivation, but importantly has 
the potential to empower farmers in their own on-farm production of seed potatoes, and 
reduces their dependence upon externally available commercial virus free seed potatoes. The 
innovative potential of virus resistance traits here is not restricted to the technical functioning 
of a potato variety, but is – at least partly – capable of challenging the externalization of seed 
management in potato production.

These examples illustrate that plant breeding technologies do not only have a technical function 
within a given production system, but can indeed have an important social or political meaning 
in challenging or reconfirming a specific production system. In fact, while both the CIMBAA 
and CIP case studies aim to make their technological outputs functionally appropriate for 
resource poor farmers, important differences emerge in their approaches to developing seed 
systems. Rather than arguing that one approach is necessarily better than the other, it is 
important to acknowledge the completely different settings in which these approaches are 
chosen. In these settings the preferences of farmers are of relevance, as well as the economics 
of the existing production systems, and the biology of the different crops that are cultivated. 
For example, if the on-farm seed production of vegetables (like cabbages) is economically 
not remunerative or practically impossible in specific agro-climatic conditions, the use of 
hybrids and the externalization of seed production may be a logical and appropriate choice. In 
contrast, the clonal propagation of potatoes makes the on-farm production of seed potatoes 
an interesting alternative, inviting a different approach to seed system development. Finally, 
the different commercial interests of the publicly funded International Potato Centre and 
the Nunhems Seed company that is part of the CIMBAA consortium should be considered 
as an important factor in the kind of production system that is supported. While CIP has no 
interest in becoming a part of the future potato production system, this may be the single most 
important motivation for Nunhems to participate in the CIMBAA project. This suggests that 
the consolidation of an industrial production system is typical for an institutional setting in 
which a private sector seed company is playing a central role, whereas the more emancipatory 
approach followed by CIP is typical for an institutional setting in which such commercial 
considerations do not play a significant role.

In conclusion, next to a technical instrumental interpretation of appropriateness, the concept 
can be evaluated with respect to the degree in which farmers are gaining or loosing control over 
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(or access to) the means of production, as part of a process of agricultural development. This 
insight does not directly lead to an argument for which trajectory of agricultural development 
is most appropriate in general. Instead, the argument is that appropriateness in these terms 
strongly depends on the context in which a technology is developed, and who its intended 
end users are. However, this more profound understanding of the notion of appropriateness 
does allow us to bring certain differences between approaches to technological development 
to the surface, and to actively question what kind of approach would be most appropriate for 
agricultural development in a given context.

Appropriateness with respect to increasing local innovation capacity

So far, the discussion on the structuring role of plant breeding technologies has exclusively 
focused on the CIMBAA and CIP case studies, leaving the Generation Challenge Programme 
unmentioned. The only reason for this is that such an analysis requires a specific technological 
artefact within a context of application in order to make sense. As argued in the introduction 
to Chapter 6, the more upstream work of the Generation Challenge Programme prevents 
such an analysis, and shifts focus to the linkage between upstream genomics research and 
downstream development objectives. However, the GCP is highly relevant in a comparison 
of the case studies on a third level of analysis, related to changing roles in the agricultural 
innovation system.

Whereas the previous section focused on the externalization of seed management in the 
production system, the discussion here relates to externalization in the innovation system, 
determined by the degree to which downstream research partners, or end users can play a 
more – or less – significant role in determining the exact technical functioning and social 
meaning of the technology. In this context a dichotomy between treating farmers as ‘recipients 
of technology’ or as ‘co-innovators’ was introduced as a heuristic for the different social roles 
in an innovation process (Chapter 3). Both terms refer to different approaches to engaging 
with agricultural and technical development, and with the conceptualization of farmers (or 
other local stakeholders) in that process. This distinction between different approaches to the 
process of innovation itself provides a third dimension to questioning the appropriateness of 
contemporary technology development projects. Although the degree of externalization of 
innovation processes may be a rather unusual criterion to distinguish between technology 
development projects, it does provide a new perspective on the case studies presented in this 
thesis and brings important differences between them sharply in focus. Roughly speaking, 
whereas the CIMBAA consortium attempted to provide a very concrete solution to a given 
problem based upon a specific conviction and understanding of the problem and the best 
solution, the work of CIP and especially of GCP allows for more initiative of farmers and 
other potential research partners.
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The CIMBAA consortium clearly aims to address all concerns that are voiced regarding 
transgenic technology, and to make the product suitable for small-scale resource poor Indian 
vegetable farmers. However, the definition of what constitutes an appropriate solution and 
how it can be developed is primarily formulated by the technology developer. End users and 
other stakeholders have relatively little influence on the interpretation of the problem, potential 
solutions, and the concrete technological design that CIMBAA works on. Moreover, the choice 
for a transgenic insect resistance makes openness in the innovation process rather difficult, for 
two reasons. The first is that the development of transgenic crops is still highly controversial, 
making a technology developer vulnerable to attacks from critics of the technology. From 
the perspective of the technology developer, and notably the private seed company in the 
consortium, this is perceived as a risk in terms of reputation damage. For that reason, a 
more defensive approach is being followed in which a product is almost entirely developed 
and tested, before a wider discussion on its merits is started. Secondly, the use of transgenic 
technology implies that a project has to meet a lot of regulatory requirements in order to 
guarantee biosafety within the project. The resulting strict formalization of the innovation 
process also precludes a more open innovation process in which farmers are involved at an 
early stage to contribute to experimentation and selection of new cabbage varieties. It is for 
these reasons that the innovation process is rather closed in nature, and that the project 
prescribes and supports a specific and arguably narrow understanding of, and solution to the 
pest infestation problem in cabbages.

In contrast, CIP provides concrete new potato varieties, but also methodologies and practices 
to allow farmers themselves to keep selecting and cultivating a wide range of potato varieties. 
The use of participatory variety selection trials in which a wider range of potato varieties is 
being tested and released illustrates that farmers are consciously involved in the innovation 
process because of their specific capacities to select the potatoes that are most appropriate 
within their production systems. This makes the role of CIP in providing a set of potato 
varieties to be tested still very important, but it means that the innovation process remains 
somewhat open-ended, and explicitly aimed at local adaptation and selection. This approach 
is most clearly reflected in the organisation of CIP’s breeding programmes, but has a material 
basis as well, in the sense that the output of the innovation process is no longer a single, 
widely performing potato variety, but a collection of varieties that can be used differently in 
different regions.

The Generation Challenge Programme, and especially the Genotyping Support Service goes 
a step further in creating an open-ended innovation process with a crucial role for local 
stakeholders. The GCP in general produces an upstream pool of genomics information, 
methodologies and services, which in some vertical projects are fully developed into concrete 
innovations. However, specifically the Genotyping Support Service inspires a radical 
reinterpretation of what it means to provide ‘appropriate technology’ for local agricultural 
development. If the service is indeed proving to be capable of making a genetic perspective 
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on breeding problems available for local breeding programmes, it would strongly empower 
their local innovation capacity. The assumption underlying such a service is no longer that a 
scientific institute can map priorities, translate those into a research programme, and provide 
a technical solution to a given problem in production. Instead, it would allow local research 
programmes to approach agricultural problems in a highly contextualized way, and merely 
provide the technical infrastructure to make use of a genetic perspective in breeding. The focus 
of technological programmes for agricultural development would then shift from providing 
a technical product, to providing a technical service. The accessibility of such a service for 
resource poor farmers communities and the accessibility of the research information feeding 
into it then become the crucial institutional and regulatory challenges in order to make such 
an approach work in practice.

These differences in the approaches of the three case studies demonstrate that appropriateness 
of technological innovation can be interpreted in yet another dimension. This dimension – 
related to the degree of externalization of the innovation process – is especially relevant against 
a discussion held in Chapter 3 on the potential for a kind of agricultural development that 
would allow (and require) farmers to play a significant role in experimentation and evaluation. 
The comparison of the case studies illustrates that in practice already different approaches are 
being tried in which farmers play a more significant role in the innovation process, but also 
that – in other projects – the notion of stakeholder involvement is much less self-evident.

Again, it is important to stress that this analysis does not necessarily provide a clear cut 
argument for what approach to innovation would be most appropriate in general. Moreover, 
in order to do the case studies justice, it is important to stress the potential complementarities 
between different kinds of innovation processes and the different dynamics that have been 
found within the case studies with respect to the open-endedness of their innovation processes. 
Especially the Generation Challenge Programme capitalizes upon the complementarity 
between upstream ‘horizontal’ research projects and downstream ‘vertical’ research projects 
that exhibit different degrees of stakeholder involvement, and interaction with different types 
of stakeholders. Finally, the degree to which a process of technological innovation may be 
open-ended and may allow the involvement of various stakeholders depends to a large extent 
on the nature and objectives of the project. The development of a new crop variety can hardly 
be as open-ended as the provision of a genotyping methodology, which is not aimed at the 
development of a concrete technological artefact. However, in spite of such considerations, the 
idea that a process of innovation is not only about the production of a concrete product, but 
may in fact be about the creation of innovation capacity for local farming communities, does 
open the door to a new way of questioning the appropriateness of technological development 
for resource poor farmers.
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Appropriateness in terms of public perception and cultural connotations

The previous sections have discussed the notion of appropriateness of technological innovation 
in terms of technical functioning, in terms of the externalization in production systems, and 
in terms of the externalization of innovation processes. This section adds a fourth and final 
dimension to the notion of appropriateness that has emerged from the CIP case study in 
particular, and to some extent from the CIMBAA case study as well. This fourth dimension is 
related to the public perception or cultural connotations of a new technology and the degree 
to which a technology developer can influence that perception or can respond to it.

This dimension of considering the appropriateness of technology development was most 
prominently discussed in Chapter 5, with reference to the initiative of CIP to publish genotyping 
data of native potato varieties in a Kipu-like diagram, which bears strong cultural connotations 
to pre-Columbian society. While the functional understanding of the genotyping data does 
not change, and most probably neither does the accessibility of the data by non-scientists, 
the representation of the data in a Kipu-like diagram was interpreted as an attempt to visually 
hybridize the world of genetic data with the cultural heritage of indigenous communities in 
Peru. More important than the question to what extent this attempt is effective, or anything 
more than a creative attempt to market the scientific outputs of CIP research, its significance 
lies in the implicit acknowledgement that research outputs not only have a technical function, 
but also a social and cultural interpretation that may influence their appropriateness for 
specific communities.

A similar observation has influenced CIP’s decision to refrain from working with transgenic 
material in Peru. Although other arguments against the development of transgenic potatoes 
existed as well, the understanding that this technology might seriously jeopardize public 
support and legitimacy of the research institute has been a important factor in the decision 
to not invest in such research. Interestingly, although similar arguments exist in the context 
of transgenics development in India, the CIMBAA consortium has consciously decided 
to work with transgenic cabbages. However, also in this project, the public perception of 
transgenics plays a crucial role in the decisions the consortium makes. While the consortium 
willingly confronts public concerns with respect to the development of transgenics, it very 
consciously tries to address those concerns and allows them to influence the project even if 
they are not significantly backed up by technical arguments. For example, the safety testing 
of the transgenic cabbages is explicitly outsourced to public sector research partners in order 
to avoid the suspicion that the private sector seed company may influence the outcomes of 
such research because of their commercial interests. This motivation for this decision was 
the building of trust and credibility for the safety testing, rather than different technical 
capacities of the institutes that could perform these tests. Similarly, the consideration to 
release open-pollinated varieties of the transgenic cabbage was primarily a reaction to general 
public complaints about the power of seed companies to demand new seed purchase every 
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year. The fact that seed production by farmers in India is not remunerative (according to the 
seed company) and highly uncommon argued against investing in open-pollinated varieties, 
but the consortium was – in principle – willing to go along with these public concerns, until 
the point that biosafety regulations effectively prohibited the release of such open-pollinated 
transgenic varieties.

This dimension of the appropriateness of technology development does not bring new 
significant differences between the case studies to the surface, even though some projects 
have to deal with these public perceptions a lot more than others. In general, all three projects 
studied were perceptive and responsive to this dimension of their work, and acknowledged the 
importance of avoiding public controversy related to their outputs. A longitudinal study might 
reveal that this has changed over the 15 years, and that this aspect of making technological 
development appropriate did not play such a crucial role before the widespread controversy 
over biotechnology in the late 1990s. However, this study can only observe that the three 
projects shared a general sensitivity to the public perception of biotechnology and plant 
breeding, which was reflected in their work.

In conclusion – A contemporary understanding of appropriateness

The previous sections provided a parallel discussion of the various dimensions of 
appropriateness, as well as a comparative analysis of the three case studies. With respect to 
the latter, a picture emerged of how the three cases operationalized their objective to contribute 
to pro-poor agricultural development, in which the most significant differences are related 
to (1) the kind of seed system that was developed and the degree of farmers’ access to their 
means of production, and (2) the degree to which the innovation process was open-ended and 
capable to involve farmers as co-innovators in the process. In other words, depending on the 
context, the three projects followed different approaches when it comes to helping farmers 
produce their own seed, or in providing good quality seed by a specialized seed producer, 
and when it comes to providing a ‘technological solution’ to a given problem, or providing the 
methodologies and infrastructure to allow farmers to increase their own innovation capacity.

Importantly, the case studies show that both types of externalization processes are not 
necessarily the same, and that the challenging of one does not necessarily lead to a challenging 
of the other as well. For example, empowering farmers in their on-farm potato seed production 
by the provision of virus resistance kits does not necessarily mean that farmers are in fact 
increasing their innovative capacity to deal with different types of virus infections in the 
future. On the other hand, increasing the innovative capacity of local breeding programmes 
does not automatically mean that farmers will also choose to produce their own seed, rather 
than obtaining it commercially. This thesis does not provide an argument to consider one of 
these mechanisms more important than the other. Instead, it suggests that both autonomy in 
production and development, and increasing local innovation capacity are crucial dimensions 



176  Reflexive biotechnology development

Chapter 7.

for rethinking agricultural development and challenging a homogeneous approach to 
agricultural industrialisation and modernisation.

Next to providing a comparison of the different approaches to agro-technological development 
in the three cases, these differences allowed for a deconstruction of the notion of appropriateness 
itself, and its interpretations in these three projects. Making agro-technological development 
appropriate for resource poor farmers turns out to be a lot more complicated than technically 
adapting crop varieties to environmental conditions, or than making sure that seed is affordable. 
Instead, important questions have come to the surface, regarding the social roles of technology 
developers and farmers in production and innovation systems. This has several implications 
for the formulation of a contemporary understanding of appropriateness.

First, as becomes clear from the analysis of the case studies, the degree of appropriateness is 
not only a characteristic of a specific technological artefact or methodology, but equally relates 
to the characteristics of the innovation process itself. This shifts attention from the outputs 
of innovation processes, to the dynamics and social relations in an innovation system itself. 
Secondly, if technological innovation is not only about the provision of technical artefacts, 
but may be about the provision of a technical service or methodology, this suggests a highly 
dynamic and interactive relationship with farmers (or other end users of the technology) 
and technology developers, in which local capacity building continuously leads to new 
technological requirements. This suggests that the appropriateness of this relationship is a 
highly dynamic characteristic, rather than a static description of the relationship between a 
new technology and its intended context of application. Thirdly, the multi-dimensionality of 
the notion of appropriateness implies that the merits and risks of technological innovation are 
so dependent upon the perspective on agricultural development that the setup and shaping of 
a technology development project can never be left to a technology developer alone (or to any 
other stakeholder for that matter). In fact, this suggests that appropriateness is not achieved 
by a perfect adaptation and tailoring of any technological artefact to any given situation, but 
instead requires a continuous reflexivity and interaction between technology developers and 
end-users; between breeders and farmers.

In summary, appropriateness is probably best understood and treated as a dynamic and 
continuously changing process characteristic, rather than as a static description of any 
technological artefact vis-à-vis a fixed context of application. Upcoming sections will further 
reflect upon this understanding of the notion of appropriateness, its implications for different 
social roles in agricultural innovation systems, and its relationship with the notion of reflexive 
(bio)technology development. As a start, the following section will further reflect upon the 
notion of the ‘openness’ of innovation, which was identified as an important dimension to 
consider the appropriateness of technological innovation in.
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Additional reflections on the openness of innovation

The elaboration of the various dimensions of appropriateness in the previous sections led to 
the conclusion that the two major dimensions in which the case studies exhibit differences in 
their approaches are in terms of the seed systems they support (and the autonomy of farmers 
in those seed systems), and the degree to which innovation is externalized, or to which farmers 
can be involved as co-innovators. The first observation builds on the analysis of industrial 
production systems as has been introduced and elaborated in Chapter 3. Interestingly, the 
case studies presented in this thesis illustrate that – implicitly – different perspectives on 
this process of agricultural industrialisation and externalization of the means of production 
underlie contemporary projects of technology development for resource poor farmers. While 
those different approaches may be entirely legitimate in different contexts, it is important to 
bring these differences to the surface in order to be able to discuss and evaluate them.

On a more conceptual level, it is worthwhile to elaborate a bit more on the second observation, 
regarding the externalization of innovation processes. Even more so since the notion of 
involving farmers as co-innovators was mentioned as a crucial element in an agricultural 
innovation system that would be especially suited for farmers in marginal and high risk farming 
conditions (as discussed in Chapter 3). The comparison of the case studies demonstrated how 
projects can be distinguished with respect to the degree they treat innovation as an external 
process (with farmers as recipients of technology) or as an open-ended process (with farmers as 
co-innovators). In this section and further, the terms ‘open innovation’ and ‘closed innovation’ 
will be used to indicate these different innovation dynamics. An open innovation process is 
then defined as one that treats and involves farmers as co-innovators and has an open-ended 
outcome which allows for considerable diversity in local contextualization. A contrasting closed 
innovation process is defined as a process that produces – in its extreme – a black box which 
can be used and applied by various end-users, but has little room for local adaptation. Both 
concepts are considered the extreme ends on a continuum of different innovation styles. They 
are intended to indicate general trends in the approach to innovation, rather than to represent 
mutually exclusive ideal types of how innovation is taking place in practice.

This understanding of different innovation dynamics with a varying degree of ‘openness’ of 
innovation resonates with other conceptualizations of innovation processes and technological 
change. For a clear understanding of the concept, it may be helpful to briefly position it vis-à-
vis these other ideas. First of all, the term relates to the field of innovation studies in which the 
term ‘open innovation’ signifies a strategy in which collaboration, networking and sharing of 
knowledge is more important for a company, than operating in isolation (Chesbrough 2003). 
An important aspect in this strategy is the integration of externally initiated and developed 
competences and creativity within the company itself, in order to use it in the company’s 
innovation processes. This explicitly includes the use of competences and creativity by end-
users (such as farmers); a mechanism that has been elaborated by Von Hippel (2005). At the 
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same time, the notion of ‘openness’ engages with the constructivist notion of ‘closure’, which 
leads to a stabilization in technological design. In a constructivist account of technological 
development, different social groups may have different interpretations of what a technological 
artefact is for, and hence what the most appropriate technical design is. This flexibility and 
diversity in technological trajectories ends in a process of stabilization in which a dominant 
technical design emerges, which then becomes an ‘exemplar’ for further development in its field 
(Pinch and Bijker 1984; Van den Belt and Rip 1990). Importantly, such closure or stabilization 
creates a ‘black-box’ of the technology, the design of which is no longer called into question but 
is taken for granted (Feenberg 1999). By implication, in order to meaningfully incorporate the 
creativity and competences of end-users in an innovation process, their involvement ideally 
needs to take place before ‘closure’ of the technical design has taken place.103

The observation that different approaches to technological innovation can be described in 
terms of their ‘openness’ both incorporates the notion of active end user involvement (a key 
element of ‘open innovation’ as described by Von Hippel (2005)), as well as the notion that 
‘closure’ of technical design is postponed or challenged (in the constructivist understanding 
of technological development). The question now is what the implications of a more open 
approach to innovation would be for the role of technology developers in an innovation process.

Providing a technical solution, or a technical service

Different approaches to technological development are expected to require or lead to different 
roles of technology developers and end users. This section explores that mechanism by 
analysing a shared ambition of the three projects to be perceived and acknowledged as a 
service provider. Moreover, this discussion will further illustrate the usefulness of the notion 
of the ‘openness of innovation’ as entry point to discuss differences between approaches to 
agro-technological development.

The notion of being a service provider implies that the legitimacy of the technology developer 
does not depend on the production of a single technology, but on the capacity to bring together 
technologies and actors to address a wide range of agricultural problems. While this approach 
is very clear in the case of the Generation Challenge Programme, and to some extent in the 
plant breeding activities of CIP, it may be less immediately clear how the CIMBAA consortium 

103 At the same time, another process may be identified in which – after closure – technologies are 
adapted by users and given new meanings or functions. This means that closure may never be final, but 
always susceptible to modifications in the hands of users. However, returning to the character of the 
innovation process, this would not exactly be an expression of ‘openness in innovation’. In summary, even 
an externalized and ‘closed’ innovation process may allow the modification and redesign of technologies 
in the hands of users, but the interest here goes out to an innovation process that itself is capable of 
involving users or other stakeholders before closure takes place.
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is also presenting itself as primarily a service provider, or rather, a solution provider. However, 
this ambition becomes quite clear from the following interview excerpt:

“We have committed ourselves to stopping this project if in a couple of years 
it turns out that we are not providing the best possible solution. In that case, 
the best solution [to the problem of insect infestation] should prevail. And as 
Nunhems [seed company] we then hope to at least have built a reputation as 
solution provider. Even if we won’t have a product, we will have contributed to 
making the solution visible. And if the solution is one that does not use transgenic 
technology, but relies on integrated or biological pest control, that is fine as well, 
as long as we can keep on selling our varieties.” 

(anonymous Nunhems representative, interview May 2006)

What this quote demonstrates is the relative detachment of the technical production that 
CIMBAA is developing, but a strong association with the role of solution provider, which 
legitimates the role of the consortium, and by extension the role of the seed company in the 
future agricultural production system.

This positioning of the technology developer as a solution provider may be symptomatic 
for a wider trend in economic development. For example, in their book ‘Empire’, Hardt and 
Negri (2000) argue that in the contemporary service-based economy, ‘immaterial labour’ is of 
increasing importance, which they define as “labor that produces an immaterial good, such as 
a service, a cultural product, knowledge, or communication” (Hardt and Negri 2000, p. 290). 
A common element in the different projects then is that in addition to the material labour 
of producing a specific product, the immaterial labour of producing knowledge, a service, 
and a beneficial image as solution provider is of a crucial importance. At the same time, on a 
more practical level, the positioning as a service/solution provider can also be interpreted as 
a response to criticisms of an overly prescriptive and homogeneous development approach 
which in the past leaned heavily on the transfer of technology from developed to less-developed 
countries. Presenting oneself as a solution or service provider can be interpreted as a response 
to that criticism and as a commitment to making technology development problem-oriented, 
instead of technology-driven, and flexible to local needs and circumstances.

However, while the service-like nature of the innovation process on the one hand indicates 
a common element in the different projects, there is clearly a difference between being a 
‘service provider’ or a ‘solution provider’. In fact, the shift to a more service-like approach 
to innovation and production can imply both an externalization of innovation, as well as a 
contextualization of innovation. This difference is reflected in the approaches adopted by 
CIMBAA (solution provider) and – for example – the Generation Challenge Programme 
(service provider), as discussed in the section before. While the ambition to provide a solution 
in the case of CIMBAA turned out to lead to a rather externalized innovation process, the 
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desire to provide a service implies that the shape of agricultural development is determined 
by the user of that service, and hence by local breeding projects. In other words, a remarkable 
analogy between these different approaches lies in their attempts to legitimize the role of 
the technology developer, beyond the technical product alone, and by their positioning as 
a resource base which can be helpful in addressing a wide range of problems. However, the 
way the innovation process is shaped in practice reveals important differences between these 
approaches, as expressed in terms of the ‘openness’ of the innovation process.

Flexibility in the relationship between technological design and social 
meaning

There is a conceptual question that has not been addressed yet in this chapter. The research- 
and study questions for this study not only inquired into the operationalization of the notions 
of ‘pro-poor development’ and ‘appropriate technology’, but also questioned how different 
approaches to agricultural development would be reflected by – or embedded in – the concrete 
technological artefacts that are developed and applied in these projects. This interest in the 
material basis of technological development was further elaborated in Chapter 3. The point was 
raised that technologies may embed social norms and configurations in their material design, 
which gives them a coercive force in prescribing or structuring social organisation. Based upon 
a conceptual review, a preliminary assumption was made that technological design matters 
in terms of the social relations of production systems, but that the ‘politics of technological 
design’ only come to life within a specific context. The question now is whether the different 
approaches described in the previous section are also reflected in different material designs 
of technology. In other words: to what extent did the different approaches to technological 
development also require different technologies?

The case studies presented in previous chapters show a diverse picture in this respect. While 
many differences in approaches definitely did have their material basis, in some cases this 
is much harder to argue. The examples in which a strong relation was visible between the 
material design of the technology and their social meaning within a production system 
included the dual Bt gene design (Chapter 4), and the virus resistance kits (Chapter 5). In 
summary, the dual Bt design explicitly included small-scale farmers as potential end users 
of the technology, and the virus resistant potato varieties supported farmers as producers of 
seed potatoes. At the same time, it is difficult to argue that – for example – virus resistance 
itself has such a profound innate social meaning. As already mentioned in the discussion to 
Chapter 5, the use of virus resistant potatoes in order to empower farmers in their on farm 
seed potato production is an example in which this meaning only comes to life in the context 
of a combined use with virus diagnostic kits and improved selection procedures, and in a 
socio-economic context in which the commercial prices of seed potatoes are a significant 
hurdle for potato farmers to replenish their seed stock. The use of virus resistant potatoes 
in such a project may require no specific technical modification of the potato varieties, but 
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depends on an innovative use and embedding of an already existing technology. Similarly, 
the material basis underlying CIP’s breeding strategies is relevant, but only in a specific 
context. More than breeding entirely different potatoes, it is an innovative breeding strategy 
that most clearly reflects a strategy of agricultural development that aims to build on crop 
genetic diversity rather than to replace it. The material basis of this strategy is not captured 
in the precise characteristics of a single potato variety, but in the fact that the output is no 
longer a single variety suited for industrial production, but a collection of potato varieties, 
which leaves their evaluation and further selection up to farmers. Thirdly, the Generation 
Challenge Programme and especially the Genotyping Support Service completely fall beyond 
the scope of such questions regarding the materiality of technologies, at least considering their 
non-material outputs such as methodologies, knowledge and a service. The focus on drought 
tolerance as a specific trait was argued (by GCP) to introduce a specific bias for farming 
systems of resource poor farmers. However, the point was raised that in practice this could not 
guarantee that resource poor farmers are in fact the main beneficiaries of this new technology, 
considering that the trait may theoretically also open up arid areas for industrial production 
systems. Finally, consider the example of molecular fingerprinting data that are represented 
as a Kipu diagram as described in Chapter 5. In that case, rather than a material redesign of 
the technology, it is merely a specific symbolic embedding of a genotyping technology that is 
harnessed to influence the public perception of the technology in the context of indigenous 
communities in Peru.

It is these examples that stress the importance of a contextualized understanding of technologies 
and their social meaning in production and innovation systems. This is largely in line with the 
conceptual starting points as sketched in the section on the politics of technological design 
in Chapter 3, stressing that technologies can be profoundly political, but that their political 
meaning depends upon the social and historical context they are part of, and the rituals 
and discourses they are surrounded by. The practical consequence for agro-technological 
development is that technologies developed in and for an entirely different context of 
application cannot be simply adopted uncritically, but also that technological principles 
that have proven to be successful in an industrial setting may in fact be appropriated in a 
useful way to become instrumental in quite different models of agricultural production. In 
summary, this thesis provides additional evidence against an essentialist understanding of 
the relationship between technical design and social meaning within a production system. 
The conclusion that can be drawn is that next to focusing on the potential for reconstruction 
of technologies on a variety of levels, additional attention should go out to acts of ‘creative 
appropriation’, which essentially refers to the act of reinventing existing technologies through 
innovative applications (Feenberg 1999).
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Implications of a genetic perspective for stakeholder involvement

Still, in spite of this relativist conclusion regarding the relationship between technical design 
and social meaning, some concerns may be raised in terms of the use of genetic technologies 
and the implications for the involvement of farmers or other stakeholders. The question 
that arises is whether in general an increasing importance of a genetic perspective in plant 
breeding may lead to a devaluation of the expertise and capabilities of farmers to engage in 
breeding and selection, and therefore to a further externalization of the breeding process? A 
more general reflection upon the role of a genetic perspective in breeding may be helpful to 
address that question.

Clearly, the use of advanced genetic technologies in breeding programmes requires scientific 
expertise and infrastructure, increasing the importance of geneticists and potentially 
decreasing the influence and importance of ‘genetically unskilled’ actors such as farmers or 
breeders without a specific education in modern genetic technologies and research methods. 
At the same time, participatory breeding methodologies are a known and proven way of 
involving farmers in plant breeding, in spite of a more scientist-led upstream research phase 
(Almekinders and Hardon 2006). But the notion of participatory breeding is not entirely self-
evident, nor is its implication in practice. As discussed in Chapter 5, there are different modes 
of participatory breeding, varying from completely participatory, in which both scientists 
and farmers are involved in all stages of the breeding process, to mere participatory varietal 
selection in which farmers are only involved in the downstream evaluation and selection of new 
varieties. In between both models, an ‘efficient participatory breeding’ model was proposed 
which involved farmers in the selection of interesting parental material for crosses, and in the 
selection of new varieties, but which left the pre-breeding and cultivar development phases 
up to the scientific breeder (Morris and Bellon 2004). The precise involvement of farmers in 
these different stages depends on the crop at hand, and especially the extent to which farmers 
can practically get involved in making crosses. However, in general, the selection of interesting 
parental material and the selection of best performing varieties are phases in which farmers 
are expected to bring specific expertise and tacit knowledge to the table, which can improve 
the breeding programme (ibid.).

In that respect, it is important to note that the use of genetic tools in breeding runs a risk of 
restricting and devaluating these interactions between scientific breeders and farmers. First, 
marker assisted selection allows for the selection on traits that are invisible to the eye, like 
durable horizontal resistance, or quality traits related to the biochemical composition of a 
crop (e.g. the sugar content of potatoes). This means that it can make breeding programmes 
more efficient and may allow for the breeding of traits that were previously very difficult to 
select for. However, at the same time it means that – for these traits at least – there is little 
point in involving farmers in the selection, since they cannot possibly select for such traits. 
Secondly, on the level of selecting interesting parents for crosses, a genetic perspective is 
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of increasing importance. New genomics technologies allow for the screening of genetic 
variation in a specific population, which may not be visible to the eye.104 This means that 
rather than phenotypical variation in which farmers are arguably experts, genotypic variation 
is becoming of increasing importance for future breeding programmes, in determining what 
are interesting parents for crosses.

The implications of these trends on the level of selecting interesting parents for breeding, and 
selecting the best varieties, are not entirely clear. While on the one hand the privileged and 
specific knowledge of farmers of traditional varieties may be increasingly replaced by scientific 
knowledge of the genetic diversity of this germplasm, both perspectives need not be so 
competing. While marker assisted selection on some traits may be crucial in trait development 
and pre-breeding, farmer based variety selection may focus on an entirely different set of 
traits that is harder to quantify, and are more prone to variations because of environmental 
conditions. In fact, some research suggests that genetic diversity (as mapped by molecular 
markers) is in fact a rather bad indicator of the phenotypic quality as experienced by farmers 
(Polycarpe Kayode et al. 2006). This argues for a complementarity of marker assisted selection, 
and farmer mediated selection practices, rather than their competition.

The conclusion must be that a genetic perspective on breeding does not necessarily lead to an 
externalization of varietal selection. Rather than making farmers’ knowledge and experience 
in parent- and variety selection redundant, both this perspective and the scientific genetic 
perspective can be highly complementary in breeding programmes. Hence, the challenge 
lies in finding the institutional and technological configurations in which an increasingly 
refined genetic perspective can become integrated in bottom-up and pro-poor plant breeding 
initiatives in order to exploit the complementarity between marker assisted selection on the 
one hand and farmer based selection on the other. In that respect, fingerprinting technologies 
for mapping existing biodiversity, and to facilitate marker assisted breeding in a wide range 
of projects, are examples of what may be considered as ‘bridging technologies’ that can bring 
both perspectives on plant breeding together and can make the ‘Gene Revolution’ interesting 
for resource poor farmers.

Implications for innovation policy and questions for future research

The discussion of the case studies and the concepts used to analyze them has led to a reflection 
upon different approaches to technological innovation. This reflection has shifted the attention 

104 An example of this is the recently developed technique of ‘tilling’ (Targeting Induced Local Lesions 
IN Genomes), a ‘reverse genetics’ technology designed to detect mutations in plants treated with a 
mutagen. An extension of ‘tilling’ is ‘ecotilling’, in which germplasm collections are screened for genetic 
variations in a specific gene of interest, without the prior use of a mutagen. This allows the rapid discovery 
of naturally occurring genetic variation, which may provide interesting leads in the discovery of new 
gene variations (alleles) of interest (Comai et al. 2004; Jackson 2004).
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from appropriate technology development in terms of instrumental technical adaptations, 
to questions regarding the different roles and relationships in a production- and innovation 
system. While this is to a large extent a conceptual discussion on what it means to develop 
appropriate technology, it does have some practical implications for agricultural innovation 
policy. This section discusses those policy implications and in addition introduces some new 
questions for future research

Conceptual contributions to the debate on alternative agricultural development

The formal aim of this thesis – as formulated in Chapter 2 – is to deepen debates on 
agricultural development by reflecting upon the relationship between contemporary 
technology development projects, and a wider context of agricultural modernisation and 
industrialisation. In fact, this is an ambition to contribute to the contemporary debate on 
agricultural development on the conceptual level, allowing for a more refined formulation 
of what is at stake in this process. With respect to this aim, the conceptual discussions in the 
previous sections have provided a much richer understanding of what it might mean to develop 
technologies or crop varieties that are ‘appropriate’ for resource poor farmers. Moreover, the 
discussion has provided a number of criteria (externalization in production- and innovation 
systems) that allow for a more articulated and nuanced discussion on the differences between 
contemporary approaches to agro-technological development and plant breeding.

In addition, a more programmatic aim has been implicit in this thesis, especially in the 
discussion in Chapter 3 on a potential ‘positive alternative’ to mainstream agricultural 
industrialisation and modernisation. An interest was expressed in notions such as ‘food 
sovereignty’ (Rosset 2003; Rosset 2006), ‘tailormade biotechnologies’ (Ruivenkamp 2003b, 
2005), ‘endogenous development’ (Van der Ploeg and Long 1994), and farmer seed systems as 
‘unsupervised learning networks’ (Richards et al. 2009). Although different in their language 
and precise objectives, these concepts share a general concern regarding the appropriateness 
of mainstream agricultural development for resource poor farmers, especially in marginalized 
and high-risk farming environments. They question not only the technical adaptation of new 
technologies to a given context, but also the process and nature of innovation itself. Or, in other 
words, they not only addresses how agriculture can be improved as quickly and efficiently as 
possible, but emphatically question the kind of agricultural modernity that is being created 
and the technologies that play a role in that modernity. A common ground between these 
critical ideas on agricultural development was found in their concern over externalization 
processes, and their interest in maintaining (or increasing) farmer autonomy, and local (farmer) 
innovation capacity. Notably in the case of Richards et al. (2009), this led to a direct interest 
in how novel genetic technologies could contribute to the capacity of farming communities 
to be directly involved in breeding and selection work.
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This thesis has been able to put some flesh on the bones of the idea that technological innovation 
may be oriented at increasing local innovation capacity and autonomy in production, rather 
than on providing generic technical solutions. Specifically, it has provided some concrete 
examples of how genetic fingerprinting technologies or new crop varieties may in practice 
play an important role in empowering farmers in their on-farm seed production or in their 
experimentation in local breeding programmes. Moreover, it has demonstrated and discussed 
that a genetic perspective in plant breeding does not necessarily lead to an externalization of 
agricultural innovation, but that genetic selection technologies and farmer-based selection 
can be highly complementary. This concretely contributes to the ongoing work of rethinking 
the potential role of genetic technologies in agricultural innovation for resource poor farmers.

Maximising and measuring the impact of research

Next to the conceptual and programmatic contributions of this thesis, it also raises some new 
questions for which it cannot provide a complete answer. For example, much of the ongoing 
debate on international agricultural research deals with the question of how to increase 
and measure the impacts of research. The need of having a clear and measurable impact 
is not only important for companies with commercial interests, but also for public sector 
agricultural research institution – like those from the CGIAR – that have to legitimize the 
funding they receive from an international donor committee. That this hasn’t exactly been 
easy for the CGIAR is illustrated by repeated discussions over its impact and its institutional 
structure (Hall et al. 2004b; Alston et al. 2006; CGIAR Secretariat 2008). The resulting reform 
processes in the CGIAR have focused on linking with a wider range of partners, becoming 
more demand driven, and on institutional efficiency. Recently, this has resulted in a lot of 
attention for institutional learning and change within the CGIAR (Watts et al. 2003; Hall et 
al. 2005; CGIAR 2008).

This thesis has not been directly aimed at discussing how impacts in agricultural research can 
be maximized. However, it does have some implications for this discussion on maximizing and 
measuring the impacts of agricultural research. While improving the efficiency of research 
investments is considered a highly valid objective, the diversity in innovation approaches and 
dynamics described in this thesis argue for a better alignment of approaches and objectives, 
rather than for a stronger focus on increasing research impacts per se. In fact, a rather 
profound contradiction may arise between an innovation policy that is aimed at having (and 
demonstrating) a maximal impact – as may be required by any research funding body – and an 
approach to innovation that explicitly leaves open how end users are taking new technologies, 
methodologies or services on board. While the first requires clear outputs and preferably a 
wide adoption of those outputs, the second aims to increase local innovation capacity. The 
latter does not necessarily depend on the provision of a concrete technical artefact, but 
may in fact depend on the availability of a new technical service or on assistance in local 
capacity building. So, this thesis does not argue against increasing the impact of agricultural 
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research, but the notion of organizing innovation in an open-ended way – aimed at providing 
technological ‘services’, rather that ‘solutions’ – does raise some important questions regarding 
the measurement and quantification of those research impacts.

The question that arises is whether a focus on institutional learning and change – as has been 
dominant in recent reforms in the CGIAR – can also redefine how impacts are measured and 
what aspects are treated as indicators for success. From an innovation systems perspective 
the building of linkages between various research partners and end users is emphasised, and 
treated as both a very important outcome as well as a precondition for innovation processes 
(Hall et al. 2004c, 2005). This argues for measuring impact in terms of institutional learning and 
change, and in terms of institutional relationships that have been created. A similar approach 
to measuring impact would be required to evaluate research investments if technologies are 
treated as a service. Impacts would then have to be measured in terms of research partners or 
local initiatives that have made use of a given service, or have participated in the development 
or evaluation of new crop varieties, rather than in the adoption patterns of a limited set 
of varieties or in terms of productivity gains. This challenge for measuring the impact of 
investments in research and development indicates a first area in which future research may 
provide important contributions. New ways of measuring and quantifying the outcomes of 
research programmes need to be developed in order to legitimize and to evaluate innovation 
trajectories that are more open ended in nature. This is in no way intended as a way of avoiding 
accountability of open innovation approaches, but rather as a reconsideration of what useful 
indicators are to evaluate the success of contemporary development projects.

Partnering policy

In addition to the measurement of impact, this research provides some thoughts on the 
partnering policy of research institutes like those of the CGIAR, especially regarding public 
private partnerships. The merits and risks involved in public private partnerships have been 
an important subject for debate over the recent years (Rausser et al. 2000; Hall 2006; Spielman 
et al. 2007). Important advantages of public private partnerships have been mentioned, 
like increasing the relevance and practical applicability of research, and exploiting the 
complementarities in research and commercialization capacities (Byerlee and Fisher 2002; 
Hall et al. 2004b). One of the case studies in this thesis (Chapter 4) has specifically dealt with 
a public private consortium, and its analysis provides an additional criterion to reflect upon 
the appropriateness of such public private partnerships in agro-technological development.

The analysis of the work of the CIMBAA consortium may have been critical at points, but the 
thesis definitely does not argue against such public private partnerships. In line with recent 
research and literature in the area of innovation studies, such partnerships are conceived as a 
potentially powerful way to access proprietary technologies, to bundle research capacities and 
to ensure the application of new research findings in actual production systems. However, as 
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stressed in the comparative analysis of the three cases, the structure of the research consortium 
and the expectations of the research partners regarding their role in the future production 
system is correlated to a specific approach to agricultural development that legitimizes those 
roles. Therefore, if the interest of a seed company in joining a public private partnership lies 
in the potential of future seed sales, the question should be raised what kind of seed system 
is thought to be most appropriate for the targeted farming communities in the first place. In 
the case of vegetable cultivation (like in the CIMBAA case), the commercial provision of high 
quality hybrid seed may definitely be a useful way forward for farmers; however depending 
on the crop and prevailing mode of production, this is not always self evident. Making the 
notion of the externalization of seed production an explicit point of discussion allows for a 
more balanced and nuanced view on the contexts in which public private partnerships may 
be a useful model of doing research, and when it seems less appropriate.

It should be noted that this analysis is primarily based upon the CIMBAA case study, and 
therefore on a situation in which a seed company was the private partner in a public private 
consortium. Things might be different in public private partnerships in which private partners 
have different commercial interests, for example in the context of post-harvest technologies. 
Future research is required in order to investigate examples of such partnerships and to reflect 
upon the correlation with a specific agricultural production system and the repercussions for 
the position and autonomy of farmers in that production system.

Reflexive biotechnology development and stakeholder involvement

A final practical implication of this study can be indicated, which is related to the importance 
of reflexivity in agricultural innovation and to the implications for stakeholder involvement at 
different levels in the innovation process. The comparative case study analysis in this chapter 
provided a diverse and multi-dimensional picture of how appropriateness took shape in practice 
in the three projects studied. This led to the conclusion – as discussed earlier in this chapter – 
that appropriateness is probably best understood and treated as a dynamic and continuously 
changing process characteristic, rather than as a static description of any technological artefact 
vis-à-vis a fixed context of application. Moreover, if innovation is not only about the provision 
of an ‘appropriate’ technical artefact, but is in fact about local capacity building and institutional 
learning, this calls for an interactive and dynamic relationship between end users and developers 
of technology. This understanding of appropriateness does not only refine the debate of what 
agricultural innovation is all about, but also argues for the encouragement of reflexive (bio)
technology development as a model for agro-technological innovation.

This concept of ‘reflexive biotechnology development’ is a variation on the notion of ‘reflexive 
technology design’ which was introduced at the end of Chapter 3 and defined as “a specific 
form of deliberative or participatory technology assessment oriented towards the definition of 
both the problem and the solution in a reciprocal argumentative exchange between the actors 
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involved in the problem” (Bos 2008, p. 36). This perspective on organizing technological 
innovation in a deliberative and interactive way nicely fits a notion of ‘reflexive development’, 
which was introduced at the very beginning of this thesis. This notion served as a starting 
point to study contemporary projects of agro-technological development, focusing on the 
institutional learning dynamics that take place in such projects. Reflexivity was defined as 
a process of reflecting upon and responding to the effects of development efforts and the 
comments and criticisms it invokes (Nederveen Pieterse 1998). Moreover, it highlights how 
development policy increasingly becomes concerned with the management of development 
interventions itself (ibid.).

These elements – the deliberative nature of innovation, and its reflexivity allowing for a 
continuous realignment of innovation processes and the context of application – are essential 
in order to contribute to ‘appropriate agro-technology development for resource poor farmers’ 
as described in this thesis. In practice, such a reflexive approach implies a focus on a careful 
alignment of the needs of farmer communities and innovation approaches in terms of the 
social relations in production and innovation systems. In addition, it calls for a stronger focus 
on institutional learning and the building of research relationships in order to maximize 
and measure impacts of research investments. However, although this reflexive approach 
to agro-biotechnology development does imply a focus on interaction between users and 
technology developers, it is not simply a general reaffirmation or extension of the plea for 
stakeholder involvement in all research activities. In fact, as discussed in the context of the 
Generation Challenge Programme case study, there may be little room for the practical 
involvement of farmers on the level of upstream genomics research. Rather than finding ways 
to involve or represent farmers at this upstream stage in research, it was considered to be 
more fruitful to acknowledge and exploit the complementarities between upstream science-
led research programmes and downstream bottom-up initiatives. This shifted attention from 
direct stakeholder involvement on all levels, to the institutional configurations and technical 
outputs that would support such complementarity. This in turn led to an interest in the 
potential of technology as a service – focused on the increase of local innovation capacity 
– as a complementary model for innovation, next to the development of concrete technical 
artefacts. In other words, rather than finding ways to meaningfully involve farmers in upstream 
genomics research, the goal should be to increase the accessibility of research outputs and 
to stimulate the flexibility in their downstream application by local development initiatives.

In summary – Some practical recommendations for research managers

From the case study analysis and the conceptual discussions in Chapter 3, some practical 
implications can be distilled for the debate on agricultural development and agro-technological 
innovation. These can be summarized in the following brief recommendations for policy 
makers or research managers in the field of agro-technology development:
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•	 Encourage reflection upon the alignment between research approaches and the model 
of agricultural development that may be most appropriate for the intended beneficiaries, 
especially in terms of the production system and innovation system that is created or 
supported.

•	 Encourage the experimentation with breeding strategies that focus on the release of 
a wider set of new varieties and that aim to complement the cultivation of traditional 
varieties, rather than replace it. Moreover, encourage the experimentation with crop 
varieties that allow farmers to be involved in their on farm seed production and hence 
may be instrumental in the strengthening of the informal seed sector. These strategies may 
not be appropriate for all farmers in all regions, but they provide a potentially valuable 
alternative to the trends of an externalization of the means of production and the decrease 
of local innovation capacity, and may as such be highly appropriate for farmers in regions 
that have so far been left behind in attempts of agricultural development.

•	 Encourage the exploitation of complementarities between a genetic perspective on plant 
breeding and the capacities of farmers in variety selection, in order to maximize the 
relevance of new crop varieties.

•	 Invest in institutional learning processes and develop methods to measure research impacts 
along those lines.

•	 Encourage public private partnerships for the potential complementarity in capacities and 
the access to proprietary IP, but be careful in the kind of production system that is supported 
and the interests of the private partners to play a future role as technology provider. The 
model of agricultural modernisation that is interesting for the private partner may not 
always be the most appropriate model for resource poor farmers.

•	 Encourage stakeholder involvement and interactive research processes, but don’t blindly 
extend this effort to upstream genomics research. In that domain, it makes much more 
sense to reflect on the way in which complementarities with different downstream partners 
can be exploited, and how new technologies and methodologies can be made available as 
a service, rather than as a concrete artefact.

In conclusion – Reflexive biotechnology development

Contemporary debates over international agricultural development not only deal with 
questions over how to achieve agricultural and economic development as fast and efficiently 
as possible. In addition, the kind of agricultural modernity that is created with the introduction 
of new farming practices, technologies and institutes is being questioned. The questioning of 
modernity and the search for alternatives of, or alternatives to modernity is a wider theme in 
development debates. Interestingly, one of the crucial elements shared by the critical writings 
on agricultural development referred to in this thesis, is that they do not aim to create a 
singular alternative modernity, but essentially treat (agricultural) modernity as something 
plural, something that is firmly grounded in local culture, economy, and natural environment. 
This plurality in modernities is elegantly incorporated in a concept used by Dilip Parameshwar 
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Goankar. He claims that in contrast to a number of clearly visible trends (in terms of global 
institutional arrangements and financial networks), our contemporary globalizing world is not 
simply converging to one single global culture, economy, market or science (Gaonkar 2001b). 
His edited volume ‘Alternative Modernities’ provides a range of cases that prove his argument 
by drawing attention to ‘creative adaptations’ of modernisation processes on a local scale 
(Gaonkar 2001a). In the words of Gaonkar, already quoted at the beginning of this chapter:

”Creative adaptation […] is not simply a matter of adjusting the form or recoding 
the practice to soften the impact of modernity; rather, it points to the manifold 
ways in which a people question the present. It is the site where a people ‘make’ 
themselves modern, as opposed to being ‘made’ modern by alien and impersonal 
forces, and where they give themselves an identity and a destiny.” 

(Gaonkar 2001b, p. 18)

This ‘making oneself modern’ is a direct parallel to the evaluation of agro-technological 
development in terms of autonomy in production and self-determination in terms of innovation. 
In addition, the notion of creative adaptation provides a counter perspective to the notion 
of ‘creative destruction’ that was mentioned in Chapter 3 as an essential characteristic of an 
expanding capitalist system of production. While creative destruction essentially represents 
the replacement of one production system by another, a process in which farmers are passive 
objects of change, creative adaptation emphasises the possibility for farmers or other local 
stakeholders to be the subjects of their own development process and to take existing situations 
and production systems as starting point for development.

As Gaonkar implies with his notion of ‘creative adaptation’, it is ultimately local stakeholders – 
whether they are breeders, farmers or consumers – that are in charge of taking development 
into their own hands, and in shaping modernity to their own views, needs and desires. 
Notwithstanding this crucial role of local stakeholders in appropriating (technology) 
development, this thesis has focused on the role of technology developers in prescribing 
technological solutions, or in empowering local stakeholders to come up with their 
own solutions. It has done so by questioning how different technology developers have 
operationalized the notion of ‘appropriateness’ in their projects and how that changed the 
social roles of both technology developers and farmers. The notion of appropriateness served 
as a vehicle to explore and discuss the relationship between the concrete decisions that any 
technological project makes in terms of technical design and institutional organisation, and its 
wider perspective on the ‘future of farming’ and the role of different stakeholders in that future.

What emerged was a diverse and multi-dimensional picture of how appropriateness took shape 
in practice in the three projects studied. This contemporary understanding of appropriateness 
was taken as an argument for reflexive biotechnology development as an approach to agro-
technological innovation. This reflexive approach crucially implies an interactive and dynamic 
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relationship between farmers and technology developers, and a more profound reflection 
upon the social roles of these stakeholders in future production and innovation systems. This 
outline of reflexive biotechnology development is not intended as a coherent alternative to 
contemporary mainstream agro-technological development, nor does it necessarily provide 
a better approach to innovation for all farmers. However, it ís expected to provide some 
valuable starting points for rethinking and improving agricultural innovation for resource 
poor farmers in marginal and high risk areas that have been largely left behind by previous 
efforts to agricultural modernisation. By encouraging a more profound reflection upon and 
reconsideration of the effects on production and innovation systems, this research may inspire 
technology developers or policy makers to question their own role in innovation processes. 
This research will have achieved its objectives if that leads to more technology trajectories 
which allow for a meaningful integration of farmers, and farmer-led innovation processes 
into scientific technological development, allowing for the creative adaptation of agricultural 
technologies in a plural and diverse way, for an infinite range of local agri-cultures.
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Summary

Agriculture and food production are of ongoing high priority in international development 
debates, focused on the alleviation of extreme poverty and the eradication of hunger. One 
of the many ways of contributing to agricultural development for the resource poor is the 
development of new crop varieties that are more resistant to disease and pests, and that produce 
more in unfavourable circumstances such as drought or on poor soils. The contemporary 
revolutionary pace of innovation in genomics, marker assisted breeding and biotechnology 
creates a background in which there is a lot of scope for improving existing crop varieties, 
and addressing some of the most pressing problems that farmers are coping with. However, 
while the technical potential to improve crop varieties may be increasing, that does not 
automatically mean that we are actually able to solve problems in agricultural production. 
New technologies may never reach farmers, may be prohibitively expensive, or may solve 
only a very limited part of the problem that farmers are facing in practice. These observations 
have led to an interesting debate on how to make sure that the potential of modern genetic 
technologies can actually contribute to solving the problems of resource poor farmers in 
agricultural production.

In this debate it is commonly recognized that not any technology that is successful in a 
western production system, can simply be parachuted into a farming system in a developing 
country, and be expected to work. Instead, a notion of ‘appropriate technology development’ 
has become crucial in international development debates, drawing attention to the fact that 
technologies and development projects need to be adapted to the specific problems at hand, 
and the circumstances in which a technology has to work. However, this notion of ‘appropriate 
technology’ is far from being self-evident or straightforward, and no concrete recipe exists 
for defining what constitutes appropriate technology in a given set of circumstances. For that 
reason, the question emerges how this notion of ‘appropriateness’ is being operationalized 
by different project in practice.

This thesis engages with the debate on appropriate technology development by moving 
beyond a technical perspective on what constitutes ‘appropriate technology’ and by focusing 
on how different approaches to agro-technological development create different social roles 
for technology developers and farmers in innovation processes and production systems. This 
leads to a genealogy of strategies for agro-technological development in which farmers may 
be treated as ‘recipients of technology’, or may be involved as ‘co-innovators’, and in which 
technology developers may present themselves as ‘solution providers’ or ‘service providers’. 
Insight in those different approaches can contribute to a clearer debate on the potential role 
of biotechnology in agricultural development and the reduction of poverty.
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The first chapter of the thesis introduces the field of international agricultural development, and 
the role that genetic technologies can play in that context. The Green Revolution is introduced 
and discussed as an important previous experience in the large scale, planned modernisation of 
agriculture in the developing world. The question whether the Green Revolution was a success 
is still being answered in very different ways. This illustrates that the success of a technology 
can only be measured with respect to a specific perspective on agricultural development, and 
the question what exactly a new technology is for: an increase in productivity or the alleviation 
of poverty. The chapter also introduces the notion of reflexive development, which focuses on 
the learning dynamic in development projects, and the capacity to take comments, criticisms 
and concerns regarding agricultural development on board in innovation processes. Such 
reflexivity seems essential in order to answer the question what new technologies are for, 
and how it relates to a specific perspective on agricultural development. However, the way 
in which such reflexivity takes shape in practice will strongly depend on institutional and 
political factors. This is illustrated by a comparison of the historical backgrounds of the Green 
Revolution and the more recent ‘Gene Revolution’, which demonstrates that both processes are 
determined by entirely different dynamics, ideologies and (commercial) interests. This provides 
a starting point for this study, which investigates how contemporary projects use genetics 
and biotechnology for agricultural development, and tries to understand how technologies 
are made appropriate for resource poor farmers in developing countries.

Chapter 2 describes the research design of this study. It introduces the aim of the study, its main 
research questions, the three case studies and the methodology for data collection. In addition 
it reflects upon the suitability of the methodology to answer the research questions posed, 
and discusses the validity of the conclusions that are drawn based upon this explorative study.

Chapter 3 provides a more extensive conceptual background, deepening the discussion 
started in the first introductory chapter. Agricultural development is discussed in terms 
of modernisation and industrialisation processes which are argued to both contribute to a 
relatively homogeneous approach to agricultural development, and to the externalization of 
many aspects of farming practice like breeding and seed management. While this may have 
been a highly successful model of agricultural development in some parts of the world, its 
appropriateness for resource poor farmers is challenged. Agriculture in developing countries 
is often small-scale and characterised by a high degree of variability and localized adaptation. 
The question is whether an alternative model of agricultural development is possible in which 
genetic breeding technologies are used, but without necessarily externalizing agricultural 
innovation to specialized breeding institutes or companies. The expectation is that farmers 
in some areas are likely to require a more open-ended approach to agro-technological 
development in which they are empowered in their own on-farm experimentation with 
new crop varieties. The questions is what such an approach to innovation would look like, 
and whether elements of such an approach can be witnessed in the case studies. Finally, the 
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question is raised what such an approach would mean in practice for the material design of 
new technologies or crop varieties.

Chapter 4, 5 and 6 present three case studies of projects in which plant breeding and genetic 
technologies are used to develop new crop varieties with interesting traits for resource poor 
farmers in developing countries.

Chapter 4 presents the case of the Collaboration on Insect Management for Brassicas in Asia 
and Africa (CIMBAA); a public private consortium in India which aims to develop a cabbage 
variety which is resistant against the diamondback moth. This insect is currently causing big 
losses in cabbage cultivation in India, and the CIMBAA consortium hopes to address this 
problem by engineering Bt insect resistance into a cabbage variety. The case study touches 
upon several dimension and aspects of making genetic technology appropriate for resource 
poor farmers, including the technical design of the gene construct that is used, the structuring 
role of intellectual property in the consortium, and the scope of stakeholder involvement in 
this project. The case is taken as a main illustration of how extensive efforts to reach resource 
poor farmers remain within the limits of an already existing industrial production system, in 
which the role of an external seed supplier is legitimized and consolidated. The innovation 
process in this case is characterised by its treatment of farmers as recipients of technology, 
and by their indirect representation in the project, rather than by their direct involvement.

Chapter 5 presents a set of initiatives of the International Potato Centre in Peru (CIP). The 
Peruvian Andes are the centre of origin of potato, and local traditional potato production is 
characterised by the use of a wide diversity of landraces. The use of modern improved potato 
varieties may boost productivity for farmers, but is feared to lead to the replacement of these 
native potato varieties, which are an important resource of genetic diversity for future plant 
breeding, as well as an important culinary and cultural resource for Andean potato farmers. 
For this reason, CIP is experimenting with participatory breeding programmes, the repatriation 
of native potato varieties, and the marketing of traditional potato varieties. These initiatives 
are argued to challenge the common bias in agricultural modernisation towards a narrowing 
genetic base, and the specialization on the cultivation of a very limited number of crop varieties. 
In addition, the centre is experimenting with virus resistance kits, which may significantly slow 
down the degradation of potatoes because of virus infestation. The combination of improved 
virus resistance of potatoes, diagnostic techniques and improved virus management practices 
may allow farmers to sustainably produce their own seed potatoes, providing them with a 
reasonable alternative to commercially available seed potatoes. The case study discusses the 
extent to which the technological interventions by CIP are capable of challenging ongoing 
trends towards an industrialisation of potato production, and capable of empowering farmers 
in their own on-farm seed potato production. Finally, the case represents an example of how 
farmers can be involved in agricultural development as co-innovators with specific valuable 
and complementary knowledge and expertise.
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Chapter 6 presents the work of the Generation Challenge Programme (GCP), which is 
committed to the use of upstream comparative genomics research for the development of 
drought resistance traits in crops of interest to resource poor farmers. The chapter evaluates 
the priority setting exercise conducted by GCP and the way in which the programme tries to 
make sure that its research outputs are actually taken up by downstream research partners. The 
chapter discusses some of the potential difficulties in this process and explores the potential 
of ‘complementary innovation systems’ in order to meaningfully link upstream science-led 
genomics research and downstream bottom-up breeding programmes. The Genotyping 
Support Service (GSS) is expected to play an important role in that respect. The GSS is a very 
accessible service which allows the outsourcing of molecular analyses to specialized institutes 
for a variety of projects. This initiative is taken as a potentially very interesting approach 
to agro-technological development that shifts focus from the development of a technical 
solution, to the provision of a technical service. The GSS may as such constitute a technical 
interface between upstream genomics research and downstream variety development. The 
case also is a clear example of treating local research partners and farmers as co-innovators 
in agricultural development.

Chapter 7 brings together the analyses of the three case studies and evaluates how the different 
projects have practically operationalized the objective to develop ‘appropriate technology’ for 
the agricultural development of resource poor farmers. This leads to an extensive discussion on 
the different dimensions in which appropriateness of technological innovation is interpreted and 
reconsidered, and to the formulation of a contemporary understanding of what appropriateness 
means in practice. The multi-dimensional understanding of appropriateness that emerges 
from this analysis is taken as an argument for ‘reflexive biotechnology development’ as an 
approach to agro-technological innovation. The chapter further reflects upon the extent to 
which the material design of the various genetic technologies in the case studies is related to 
specific structures of production or innovation systems, and the extent to which the use of 
genetic technologies in plant breeding necessarily leads to an externalization of the innovation 
process. Some practical implications of the study for contemporary innovation policy are 
discussed and new questions for future research are formulated. This leads to the formulation 
of the following practical recommendations for policy makers or research managers in the 
field of agro-technology development:
•	 Encourage reflection upon the alignment between research approaches and the model 

of agricultural development that may be most appropriate for the intended beneficiaries, 
especially in terms of the production system and innovation system that is created or 
supported.

•	 Encourage the experimentation with breeding strategies that focus on the release of a wider 
set of new varieties and that aim to complement the cultivation of traditional varieties, 
rather than replace it. In addition, encourage the experimentation with crop varieties 
that allow farmers to be involved in their on farm seed production and hence may be 
instrumental in the strengthening of the informal seed sector. These strategies may not be 
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appropriate for all farmers in all regions, but they provide a potentially valuable alternative 
to the trends of an externalization of the means of production and the decrease of local 
innovation capacity, and may as such be highly appropriate for farmers in regions that 
have so far been left behind in attempts of agricultural development.

•	 Make optimal use of the complementarities between a genetic perspective on plant breeding 
and the capacities of farmers in variety selection, in order to maximize the relevance of 
new crop varieties.

•	 Invest in institutional learning processes and develop methods to measure research impacts 
along those lines.

•	 Encourage public private partnerships for the potential complementarity in capacities and 
the access to proprietary IP, but be careful in the kind of production system that is supported 
and the interests of the private partners to play a future role as technology provider. The 
model of agricultural modernisation that is interesting for the private partner may not 
always be the most appropriate model for resource poor farmers.

•	 Encourage stakeholder involvement and interactive research processes, but don’t blindly 
extend this effort to upstream genomics research. In that domain, it makes much more 
sense to reflect on the way in which complementarities with different downstream partners 
can be exploited, and how new technologies and methodologies can be made available as 
a service, rather than as a concrete artefact.
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Reflexieve biotechnologie ontwikkeling. Een studie van plantenveredeling 
en genomica voor de landbouw in ontwikkelingslanden

Landbouw en voedselproductie zijn van een cruciaal belang in het debat over internationale 
economische ontwikkeling en het oplossen van extreme armoede en honger. Een van de vele 
manieren om bij te dragen aan de verbetering van de landbouw in ontwikkelingslanden is 
het ontwikkelen van nieuwe gewassen die minder last hebben van ziekten en insecten, en 
die meer opbrengen in slechte omstandigheden zoals droogte of op slechte bodems. Nieuwe 
ontwikkelingen op het gebied van genomics, marker assisted breeding en biotechnologie 
vormen een context waarbinnen er veel mogelijkheden lijken te zijn om nieuwe gewassen te 
ontwikkelen en problemen in de voedselproductie aan te pakken. Echter, hoewel het technische 
potentieel om gewassen te verbeteren toe lijkt te nemen, wil dat nog niet zeggen dat we ook 
daadwerkelijk in staat zijn om problemen in de landbouw op te lossen. Nieuwe technologieën 
bereiken niet altijd de boeren waarvoor ze bedoeld zijn, zijn soms te duur, of lossen slechts een 
klein deel van het probleem op waar boeren in de praktijk mee kampen. Dit soort problemen 
zijn de inzet van een debat over de manier waarop we ervoor kunnen zorgen dat de nieuwe 
mogelijkheden van moderne genetica en biotechnologie ook daadwerkelijk iets bijdragen aan 
het verbeteren van de landbouw voor arme boeren in ontwikkelingslanden.

Het wordt algemeen erkend dat je niet zomaar elke technologie die werkt in een westers 
productiesysteem succesvol kan toepassen in een landbouwsysteem in een ontwikkelingsland. 
Om die reden is het begrip ‘toepasselijke technologie ontwikkeling’ (appropriate technology 
development) een cruciaal element geworden in zulke debatten over landbouwontwikkeling. 
Dit begrip benadrukt de noodzaak om technologie en ontwikkelingsprojecten aan te passen 
aan de specifieke problemen die boeren hebben, en de omstandigheden waarin nieuwe 
technologie haar werk moet doen. Echter, dit concept van ‘toepasselijke technologie’ is niet 
bepaald eenduidig, en een concrete methode ontbreekt om te bepalen wat ‘toepasselijk’ 
is in een specifiek geval. Daarom wordt in dit proefschrift de vraag gesteld hoe dit begrip 
‘toepasselijkheid’ wordt geïnterpreteerd in verschillende ontwikkelingsprojecten, en hoe het 
in de praktijk wordt gebracht.

Dit proefschrift gaat het debat aan over ‘toepasselijke technologie ontwikkeling’ en gaat daarbij 
uitdrukkelijk verder dan een technisch perspectief op ‘toepasselijkheid’. Het bestudeert hoe 
verschillende benaderingen van landbouwontwikkeling gevolgen hebben voor de sociale 
rolverdeling voor technologen en boeren in innovatie processen en in productiesystemen. 
Dit leidt tot een overzicht van verschillende strategieën van landbouwtechnologie 
ontwikkeling waarin boeren als ‘ontvangers van technologie’ of juist als ‘mede-innovatoren’ 
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worden beschouwd, en waarin technologie ontwikkelaars zich presenteren als verschaffers 
van ‘technische oplossingen’ of van ‘technische services’. Dit overzicht kan bijdragen tot 
een helderder debat over hoe we genetica en biotechnologie kunnen gebruiken voor 
landbouwontwikkeling, en hoe we ervoor zorgen dat nieuwe technologie ook daadwerkelijk 
bijdraagt aan het verminderen van armoede.

Het eerste hoofdstuk van het proefschrift introduceert het veld van internationale 
landbouwontwikkeling, en de rol die genetica en plantenveredeling daarin spelen. De Groene 
Revolutie wordt besproken als een belangrijke ervaring uit het verleden in de grootschalige, 
geplande modernisering van landbouw in de derde wereld. De vraag of de Groene Revolutie 
een succes of mislukking was, is nog steeds aanleiding tot controverse. Blijkbaar staat het succes 
van een bepaalde technologie niet op zich, maar is de evaluatie van haar succes sterk afhankelijk 
van het perspectief op landbouwontwikkeling en de vraag waar die technologie nou precies 
voor is: productieverhoging of armoedebestrijding? Het eerste hoofdstuk introduceert ook het 
begrip ‘reflexieve ontwikkeling’, dat nadruk legt op de leerprocessen in ontwikkelingsprojecten, 
en de mate waarin commentaar en kritiek van andere partijen mee worden genomen in het 
continu verbeteren van landbouwontwikkeling. Deze reflexiviteit lijkt essentieel om de vraag te 
kunnen beantwoorden waar nieuwe technologie nou precies voor dient, en in welk perspectief 
op landbouwontwikkeling het past. Tegelijkertijd zal de manier waarop projecten reflexief zijn, 
en dergelijke vragen beantwoorden sterk afhangen van institutionele en politieke factoren. Dit 
wordt geïllustreerd aan de hand van een vergelijking tussen de Groene Revolutie en de meer 
recente Genen Revolutie (Gene Revolution). Die vergelijking laat zien dat beide processen zijn 
bepaald door verschillende benaderingen, ideologieën en (commerciële) belangen. Hiermee 
is een uitgangspunt voor dit onderzoek ontstaan, dat bestudeert hoe hedendaagse projecten 
genetica en biotechnologie gebruiken voor landbouwontwikkeling en dat probeert te begrijpen 
hoe ze er daarbij voor zorgen dat die technologie ook echt een zinnige bijdrage is voor arme 
boeren in ontwikkelingslanden.

Hoofdstuk 2 beschrijft de praktische aanpak van het onderzoek. Het introduceert de doelstelling 
van het onderzoek, de belangrijkste onderzoeksvragen, de verschillende case studies en de 
methodologie voor data verzameling. Ook reflecteert het op de geschiktheid van de gevolgde 
methodologie voor het beantwoorden van de onderzoeksvragen, en bespreekt het de validiteit 
van de conclusies die kunnen worden getrokken aan de hand van deze verkennende studie.

Hoofdstuk 3 bouwt verder op de conceptuele vragen die zijn opgeroepen in Hoofdstuk 1 
en bespreekt het conceptuele kader van de studie in meer detail. Landbouwontwikkeling is 
onderdeel van modernisering en industrialisatie processen, waarvan door anderen gezegd 
is dat ze een vrij homogene ontwikkeling in de hand werken. Dergelijke ontwikkelingen 
hebben tevens geleid tot de uitbesteding van vele elementen van het landbouwbedrijf, 
zoals veredeling en de productie van zaaizaad. Hoewel dit een zeer succesvol model van 
landbouwontwikkeling is geweest in sommige delen van de wereld, wordt haar geschiktheid 



Reflexive biotechnology development  217

 Samenvatting

voor boeren in bepaalde sociaal geografische omstandigheden in ontwikkelinglanden ter 
discussie gesteld. Landbouwproductie in ontwikkelingslanden is vaak kleinschalig en wordt 
gekarakteriseerd door een grote mate van lokale aanpassing en variatie. De vraag is of er geen 
alternatieve ontwikkeling mogelijk is waarbij moderne genetica en plantenveredeling worden 
gebruikt, maar zonder het proces van innovatie per se uit te besteden aan gespecialiseerde 
instituten of bedrijven. De verwachting is dat boeren in sommige gebieden meer hebben aan 
een innovatieproces dat hun mogelijkheden tot lokale aanpassing versterkt, in plaats van kant-
en-klare technologische oplossingen aan te bieden. De vraag is hoe zo’n innovatieproces eruit 
zou zien, en of elementen van een dergelijke aanpak kunnen worden herkend in de projecten 
die voor deze studie zijn bestudeerd. Ook is de vraag wat zo’n ontwikkelingstraject concreet 
zou betekenen voor het materiële ontwerp van nieuwe technologieën of gewasvariëteiten.

Hoofdstuk 4, 5 en 6 presenteren drie case studies van projecten waarin plantenveredeling en 
genetica worden gebruikt om nieuwe landbouwgewassen te ontwikkelen met interessante 
eigenschappen voor arme boeren in ontwikkelingslanden.

Hoofdstuk 4 bespreekt de studie van de Collaboration on Insect Management for Brassicas 
in Asia and Africa (CIMBAA). Dit is een publiek-privaat consortium in India dat werkt aan 
de ontwikkeling van een koolsoort die resistent is tegen vraat door de koolmot (diamondback 
moth). Dit insect veroorzaakt grote verliezen in de productie van kool in India, en het CIMBAA 
consortium hoopt dat probleem op te lossen door een transgene insectenresistentie in een 
koolsoort te plaatsen. De case studie bespreekt de pogingen van het consortium om de 
technologie geschikt te maken voor kleinschalige boeren in India, waarbij het technische 
ontwerp van het gebruikte genconstruct wordt besproken, evenals de cruciale rol van 
intellectueel eigendom in dit project, en de mate waarin verschillende belanghebbenden 
worden betrokken in het project. De case studie laat zien hoe moeite wordt gedaan om arme, 
kleinschalige boeren te bereiken met deze nieuwe technologie, maar uitsluitend binnen de 
kaders van een reeds bestaand industrieel productiesysteem waarin een externe, commerciële 
zaadleverancier een cruciale rol heeft en houdt. In het innovatieproces worden boeren vooral 
als ‘ontvangers van technologie’ beschouwd.

Hoofdstuk 5 bespreekt een reeks initiatieven van het Internationale Aardappel Centrum in 
Peru (Centro Internacional de la Papa; CIP). De Andes in Peru is de plaats van herkomst van 
de aardappel, en de lokale traditionele productie van aardappels kent een enorme diversiteit 
aan oorspronkelijke variëteiten. Het gebruik van moderne verbeterde aardappelvariëteiten 
kan de productiviteit verhogen, maar er wordt gevreesd dat ze de traditionele variëteiten 
verdringen die een belangrijke bron van genetische diversiteit zijn voor toekomstige 
veredelingsprogramma’s, en een belangrijke culinaire en culturele rijkdom vormen voor 
lokale boerengemeenschappen. Om die reden experimenteert CIP met participatieve 
veredelingsprogramma’s, het terug uitzetten van traditionele variëteiten, en de marketing 
van traditionele variëteiten. Deze initiatieven worden gezien als een mogelijk alternatief voor 



218  Reflexive biotechnology development

Samenvatting

de gebruikelijke trend naar een steeds nauwere genetische basis in landbouw modernisering, 
en de specialisering in de productie van een zeer beperkt aantal commerciële variëteiten. 
Daarnaast experimenteert het instituut met virus resistentie technologie die de degradatie van 
aardappelen door virusinfectie sterk kunnen vertragen. De combinatie van aardappelen met 
verbeterde virusresistentie, eenvoudige testkits voor virussen en verbeterde selectiemethoden 
van pootgoed, kan boeren in staat stellen om hun eigen pootaardappelen te produceren. Dit 
betekent een interessant alternatief voor commercieel verkrijgbare pootaardappelen. De 
case studie bespreekt in hoeverre de technologische ontwikkelingen bij CIP in staat zijn om 
huidige trends van industrialisatie van aardappelproductie te keren, en boeren te helpen in de 
productie van hun eigen pootgoed. Daarnaast laat de case studie zien hoe boeren wel degelijk 
als mede-innovatoren betrokken kunnen zijn bij landbouwontwikkeling, en een belangrijke 
bijdrage kunnen leveren aan veredeling met hun specifieke kennis en expertise.

Hoofdstuk 6 bespreekt het werk van het Generation Challenge Programme (GCP) dat als 
doel heeft om fundamenteel genomics onderzoek te gebruiken voor de ontwikkeling van 
droogtetolerantie in gewassen die van belang zijn voor boeren in ontwikkelingslanden. 
Het hoofdstuk bespreekt en evalueert de manier waarop het GCP een concreet 
onderzoeksprogramma heeft opgesteld en de manier waarop het ervoor zorgt dat haar 
onderzoeksproducten ook daadwerkelijk worden gebruikt voor de ontwikkeling van nieuwe 
gewassen. Het hoofdstuk bespreekt de valkuilen in dat proces en verkent de mogelijkheden 
van het concept van ‘complementaire innovatie systemen’ om fundamenteel genomics 
onderzoek succesvol te verbinden met praktische veredelingsprogramma’s. Er wordt een 
belangrijke rol gezien voor de ‘Genotyping Support Service’ (GSS): een zeer toegankelijke 
service die het mogelijk maakt om genetische of moleculaire analyses uit te besteden aan 
gespecialiseerde instituten. Dit initiatief wordt besproken als een mogelijk zeer interessant 
model van technologische ontwikkeling waarbij de aandacht verschuift van het aanbieden van 
een concrete technische oplossing, naar het aanbieden van een technische service. De GSS 
maakt zodoende een technische verbinding tussen het fundamentele genomics onderzoek en 
praktische gewasontwikkeling. Met een dergelijke aanpak is deze case studie ook een duidelijk 
voorbeeld van de mogelijkheid om locale onderzoekspartners of boeren als mede-innovatoren 
te betrekken in het innovatieproces.

Hoofdstuk 7 brengt de drie case studies bij elkaar en evalueert de verschillende manieren 
waarop deze projecten hun doelstelling om ‘toepasselijke technologie voor arme boeren’ te 
ontwikkelen in de praktijk hebben gebracht. Dit leidt tot een uitgebreide discussie over de 
verschillende manieren waarop de projecten zich hebben aangepast aan deze doelstelling, 
en tot de formulering van een hedendaagse interpretatie van het begrip ‘toepasselijkheid’ 
(appropriateness) in de context van landbouwontwikkeling. Deze complexe interpretatie van 
wat technologie ‘toepasselijk’ maakt wordt gezien als een argument voor het stimuleren van 
‘reflexieve biotechnologie ontwikkeling’ als een model voor technologische innovatie. Het 
hoofdstuk reflecteert verder op de mate waarin het materiële ontwerp van de verschillende 
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genetische technologieën is gerelateerd aan specifieke productie- of innovatiesystemen, en 
de mate waarin een genetisch perspectief op landbouwontwikkeling noodzakelijkerwijs 
leidt tot de uitsluiting van boeren uit innovatieprocessen. Tot slot worden enkele praktische 
implicaties van het onderzoek voor huidig innovatiebeleid besproken, en enkele nieuwe vragen 
voor toekomstig onderzoek geformuleerd. De volgende praktische aanbevelingen worden 
geformuleerd voor beleidsmakers of onderzoeksmanagers in het veld van landbouwtechnologie 
ontwikkeling:
•	 Stimuleer reflectie op het model van landbouwontwikkeling dat het meest geschikt is voor 

de beoogde eindgebruikers, en de aanpak van technologische innovatie die daarbij past. 
Reflecteer uitdrukkelijk op het productie- en innovatiesysteem dat wordt gestimuleerd of 
gecreëerd als onderdeel van technologische innovatie.

•	 Stimuleer experimenten met veredelingsstrategieën die zich richten op de productie van 
een brede reeks aan nieuwe variëteiten, met als doelstelling om de productie van traditionele 
variëteiten aan te vullen, in plaats van te vervangen. Stimuleer daarnaast experimenten met 
variëteiten die boeren in staat stellen om hun eigen zaaizaad of pootgoed te produceren, 
en zodoende de informele zaaizaad sector kunnen versterken. Dergelijke strategieën 
zullen wellicht niet geschikt zijn voor alle boeren ter wereld, maar ze bieden een mogelijk 
waardevol alternatief voor trends zoals het verlies aan autonomie in landbouwproductie 
en de vermindering van locale innovatie capaciteit. Zodoende kunnen ze zeer geschikt 
zijn voor boeren aan wie eerdere pogingen tot landbouw ontwikkeling grotendeels voorbij 
zijn gegaan.

•	 Maak maximaal gebruik van de complementariteit van een genetisch perspectief in 
plantenveredeling en de capaciteiten van boeren in de selectie van variëteiten, om de 
relevantie van nieuwe gewasvariëteiten te optimaliseren.

•	 Investeer in leerprocessen binnen en tussen instituten en ontwikkel methoden om de 
impact van onderzoeksinvesteringen te meten op die leerprocessen.

•	 Stimuleer publiek-private samenwerking vanwege de mogelijke complementariteit in 
capaciteiten en de toegang tot privaat intellectueel eigendom. Echter, wees voorzichtig 
met het soort productiesysteem dat wordt gestimuleerd en de belangen van een private 
onderzoekspartner om een toekomstige rol te spelen als technologie- of zaadleverancier. 
Het model van landbouw modernisering dat interessant is voor een bedrijf hoeft niet altijd 
het meest geschikte model te zijn voor boeren in ontwikkelingslanden.

•	 Stimuleer het betrekken van belanghebbenden in onderzoek en interactiviteit in innovatie, 
maar trek dit advies niet zonder meer door naar fundamenteel genomics onderzoek. 
In dat domein is het zinniger om te bekijken op welke manier complementariteit met 
andere onderzoekspartners op een praktischer niveau kan worden versterkt en benut, en 
hoe nieuwe technologieën en methodologieën beschikbaar kunnen worden gemaakt als 
service, in plaats van als object.
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Agriculture plays a crucial role in the alleviation of extreme poverty and hunger. 
Development of new crop varieties that are more resistant to disease and pests, and 
that produce more in dry conditions or on poor soils, can contribute to agricultural 
development. However, while the technical potential to improve crop varieties is 
increasing rapidly, such technologies do not always successfully contribute to the 
economic development of resource poor farmers. New technologies may never reach 
farmers, may be prohibitively expensive, or may solve only a very limited part of the 
problem that farmers are facing in practice.

This book engages with the debate on how modern genetic technologies are used in 
plant breeding, and questions what it is that makes a new technology appropriate for pro-
poor agricultural development. It does so by moving beyond a technical perspective on 
what constitutes ‘appropriate technology’ and by analyzing how different approaches to 
agro-technological development create different social roles for technology developers 
and farmers in innovation processes and production systems. Case studies of projects 
and international research centres in India, Peru and Mexico provide an insight in the 
different approaches to agro-technological development in which farmers are treated 
as ‘recipients of technology’, or are involved as ‘co-innovators’, and in which technology 
developers present themselves as ‘solution providers’ or as ‘service providers’. Insight 
in those different approaches contributes to a clearer debate on the potential role of 
biotechnology in agricultural development and the reduction of poverty.
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