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INTRODUCTION

Much recent literature on biotechnology has focused on the supply side. Discussions have concentrated either on
technological opportunities and applications, which include genetically engineered crops and drugs, diagnostic kits,

new search methods in R&D or new approaches to waste treatment; or on organisational change in the firms

commercialising biotechnology - merger, demerger, acquisition, divestment, collaborative alliances and the appearance of

new firms (Walsh, Ramirez and Tampubolon 2000; Walsh and Lodorfos 2002).

In the face of the new technology and increased globalisation, the chemical and related products industry' might be
said to have reinvented itself in two stages. First it changed its boundaries and formed two industries: one based on
traditional chemicals and synthetic materials and the other based on life sciences, including agrofood and pharmaceutical
products. The demerger and divestment of life sciences activities from traditional chemical activities was been followed by
a new wave of merger and acquisition within each of the two new groupings, to consolidate market share and move into
new markets. The second stage, still underway, has been a futher separation of the life sciences sector into pharmaceuticals
and agro-food, via a further round of demerger, divestment, merger and acquisition.

Rather less has been written in the social sciences about the demand side of biotechnology innovation, although the
mass media has given considerable attention recently to the opposition of consumers in Europe (though far less so in North
America) to genetically modified food (Gee 2000), and the opposition of farmers in poorer countries to genetically
modified and especially sterile seeds (Vidal 1999), which this paper discusses later. I have accordingly focused more on the
demand side of biotechnology, and in particular on the creation of markets and of demand for agro-biotechnology in the
late 1990s.

In neo-classical or standard economics, markets and market signals play a primary role in the allocation of resources
and in decisions made about technological change. Neo-Schumpeterian or evolutionary economics, in contrast, places more
emphasis on supply-side factors such as entrepreneurship and firm capabilities. It stresses the role of the firm, as an actor
which will take risks, which goes through a learning process, and which develops strategies based not solely on ‘objective’
knowledge, but also influenced by its own culture, ethos and guiding philosophy, rather than one which is able to take
profit-maximising decisions based on knowledge of (future) prices of inputs and outputs.

This paper is certainly in agreement with the latter approach rather than the former, but takes the view, firstly, that
evolutionary economics tends to neglect the demand side, and in particular the environment in which products succeed or
fail. The neo-Schumpeterian tradition (Nelson & Winter 1982) has a name for this - the Selection Environment - but
research within its framework has tended to focus more on the study of supply side factors. In re-focusing on the demand
side this paper does not in any way embrace a neo-classical perspective, but seeks to develop a better understanding of the
concept of the selection environment.

Secondly, the analysis presented here explores a rapprochement between economics and other social science
disciplines, notably sociology and anthropology. In a sense the concept of the selection environment does this already,
since a selection environment includes not only markets but also non-market factors (e.g. government regulation,
government and industry standards, and professional recommendation), which may determine the nature and extent of a
market, or indeed whether or not a market will exist; factors which have been particularly important in biotechnology. Such
an expanded concept of the demand side may be said to incorporate into economics ideas about behaviour and culture (the
province of sociology and anthropology) and motivation (the province of psychology).

My purpose in this paper is to explore the evolutionary economics concept of the selection environment, from a
perspective informed by ideas from the disciplines of sociology and anthropology, as a framework within which to analyse
and understand markets, users and the demand side, and their influence on innovations in biotechnology as they continue to
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unfold and diffuse. I have drawn in what follows on interviews conducted at various times with specialist biotechnology
firms and chemical and agro-food multinationals and discussed at greater length elsewhere’

THE TAKE-OFF OF BIOTECHNOLOGY

The commercialisation of biotechnology by a wave of new firms created to exploit advances in (mainly) public sector
research has been widely reported. So, indeed, has the fact that, despite its revolutionary scientific foundation,
biotechnology has been gradually assimilated by the dominant firms rather than leading to one or several waves of
significant numbers of new entrants growing to large firms as in information technology (Chesnais & Walsh 1998), while
new firms continue to be created to commercialise new waves of discovery in biotechnology.

The established chemical firms might, in principle, have been pushed aside by these new entrants commercialising an
entirely new technology in the established firms’ traditional markets and destroying their competencies. But many of the
chemical firms have been around a very long time® and have survived successive waves of innovation as they did in this
case, and indeed have been responsible for some of them. This time, when innovation came from elsewhere, the chemical
firms established alliances with the independent firms, providing the complementary assets and skills needed by the small
firms to exploit their technological knowledge commercially. At the same time the established chemical firms used the
collaborative work as a means to develop their own competencies in the new technology.

For their part, the small firms were willing to enter these alliances for two reasons: (1) they lacked skills and
experience in manufacturing, clinical trials, regulatory compliance, promotion and distribution, and (2) many of the
expected commercial opportunities were a long time in coming to fruition as demand remained only a potential for much
longer than anticipated, and markets had to be created, the main theme of this paper.

The established firms’ investments in the life sciences increased in the 1970s and 1980s. By the late 1980s the firms
which had developed biotechnology competencies in pharmaceuticals, health diagnostics and enzymes, consolidated their
positions with major investments in those areas and began to gain regulatory approval for, and market, the resulting
products. Diagnostics were the first biotechnology products to reach the market, requiring less stringent regulatory
approval, followed by genetically engineered human hormones (such as insulin and human growth hormone) used for
medical purposes. Meanwhile the firms which had pursued agricultural opportunities came to the conclusion that
commercialisation in this area was longer term and more risky. Many of them (e.g. Bayer & Hoechst) reduced their
biotechnology investments to maintaining ‘windows on opportunity’ by alliances with specialist firms, and reinforced their
positions in traditional agrochemicals.

A few agrochemicals firms, however, had diversified downstream into seeds and had acquired a position in the seeds
market, and skills in traditional plant breeding as well as in genetic engineering. The 1980 decision by the US Supreme
Court in Diamond v Chakrabarty that “a live, human made microorganism is patentable subject matter” as long as it meets
the criteria of novelty, utility and non-obviousness, and as long as it is a product not of nature but of human manufacture
(Kloppenburg 1988: 261-2) paved the way for the patenting of genetically engineered plants. This decision was the result
of General Electric’s appeal against the US Patent and Trademark Office’s rejection of an application for a patent on an oil-
degrading micro-organism developed by GE scientist Ananda Chakrabarty.

Ciba, Sandoz (since merged to form Novartis) and ICI (subsequently Zeneca Agrochemicals and then Syngenta®) are
the major firms which strongly invested in this area, although in the early 1990s they were still expressing caution, for
example saying in interviews that they were not planning the commercial launch of any genetically modified crops for the
time being. However, in practice, the first field trials of a GM crop (virus resistant tobacco) had started to be held in 1986,
in the USA and France (Tampubolon 2000). Monsanto is arguably the best known producer of GM crops as a result of its
advertising campaign of the late 1990s and subsequent media coverage (discussed below); however, despite its investment
in a research programme in agrobiotechnology in the 1980s, Monsanto did not follow the path taken by ICI, Sandoz and
Ciba by moving into seeds and plant breeding, either in terms of organic growth of research or acquisition of firms with the
desired competences and markets, until the 1990s. Its patents in agrobiotechnology did not begin to take off until the early-
mid 1990s, and indeed its move out of traditional chemicals into higher value-added products took place initially via a
move into pharmaceuticals, like that of the majority of chemical firms (Walsh & Lodorfos 2002: 279, 281 & 295).

From the late 1980s, events began to move fast, so that all the leading agrochemicals producers, Bayer, Novartis, Du
Pont, Hoechst (now Aventis)’, Monsanto, Rhone-Poulenc (now Aventis) and Zeneca (with 60% of the world market
between them) were producing genetically engineered crops by the mid-1990s (Nottingham 1998), and in three years, the
amount of acreage planted with them went from negligible to an area the size of Britain (New Scientist 1998). The
inflection point in the graph (see Fig 1), or takeoff year, of the number of field trials world-wide occurred in 1992
(Tampubolon 2002). In the same year China planted more than 2 million acres of virus resistant tobacco. In 1994 Calgene
(since bought owned by Monsanto) launched the Flav'Sav' ™ tomato. By 1998 more than 5000 field trials were being held
involving 60 GM crops, more than 60 countries and about 75 million acres (/bid.). The introduction in the USA in 1993
(and elsewhere soon after) of a fast track system for granting release permits for planting GM crops, considerably speeded
up the process of takeoff of innovation in GM crops.
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The main features genetically engineered into crops include resistance to herbicides (often but not always the firms’

own), resistance to insect pests, and enhanced nutritional properties (e.g. high polyunsaturated oil content) or properties

which increase shelf life, automatic handling and value to weight ratio (e.g. low water content). Table 1 lists these in more

detail. Another new market has been created for neutraceuticals: these are foods with beneficial health effects, such as

grapes which help to reduce heart disease, tomatoes that help control prostate problems, broccoli which helps protect
against cancer, and alfafa to resist tooth decay (Radford 1997).

Table 1 Examples of Properties Genetically Engineered into Crops

to 1998 inclusive

Agronomic properties
49 categories including

Altered maturing

Cold tolerant

Drought tolerant

Fiber quality altered

Growth rate altered

Modified growth characteristics
Nicotine levels reduced

Yield increased

Stress tolerant

Bacterial resistance
12 categories

Fungal resistance
42 categories

Herbicide tolerance
11 categories

Insect resistance
21 categories

Marker gene
12 categories

Nematode resistant
5 categories

Product Quality
79 categories including

Altered amino acid composition
Bruising reduced

Antioxidant enzyme increased
Delayed softening

Dry matter content increased
Fiber quality altered

Fruit firmness increased

Fruit ripening altered

Fruit sweetness increased
Fruit solids increased
Nutritional quality altered

Oil quality altered

Prolonged shelf life

Protein quality altered

Seed size increased

Rust resistant

Yield increased

Other
29 categories including

Altered plant hormone levels
Antibiotic produced
Industrial enzyme produced
Novel antigen produced
Novel protein produced
Polymer produced

Source: Gindo Tampubolon, (2002)

A convergence of biotechnology and information technology has produced a raft of new techniques, including
combinatorial chemistry, rapid throughput screening, and computer-aided molecular design, which have automated parts of
the R&D process and enabled the design of molecules for specific end-uses. Initially applied in the pharmaceutical
industry, often as a result of the collaboration between small specialist firms (e.g. Affymax in the USA® and Cambridge
Combinatorial in the UK”) and large drug companies, the new search processes have since been applied to the discovery of
new agrochemicals (see for example AstraZeneca 2000) designed to kill specified pests and new catalysts designed to
generate polymers with specific properties. Genetic engineering for the production of chemicals, building materials,
plastics, fibres and new sources of energy from renewable resources has been forecast for years (e.g. OECD 1989; Rifkin
1998); but since the mid 1990s firms have actively developed, for example, a genetically engineered cotton plant that can
produce polycotton fibres while Monsanto’s Blue Jeans project obtained blue lint from cotton plants (Nottingham 1998).

THE SELECTION ENVIRONMENT FOR BIOTECHNOLOGY DEMAND

In turning now to the selection environment for GM crops, which determines whether or not they will succeed
commercially, I start by considering the nature of demand for this area of innovative activity. In everyday English
innovation is taken to mean a novelty or a new way of doing something. In the social studies of science and technology it is
usually used in the sense given to it by economists Joseph Schumpeter (1912) and Christopher Freeman and Luc Soete
(1997: 6), that is an invention® which has been launched on the market and has been the object of a commercial transaction,
or has been adopted into the social fabric in some other way (e.g. a new medical technique which has been adopted without
a commercial transaction necessarily having taken place). In other words, the idea of an innovation captures two notions,
technological novelty, and commercial transaction (or other adoption into practice) - contributions of both the supply and
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demand sides’. It also allows for the possibility that innovations may be failures as well as successes. (This paper uses the
term ‘innovation’ to mean ‘technological innovation’; other kinds of innovation are qualified, as in ‘organisational
innovation’.)

Early debate in the innovation literature about the relative importance of demand-pull and discovery-push forces in
stimulating innovation (e.g. Walsh 1984) resolved itself around a consensus that innovation is in fact a coupling process
between technical possibilities or opportunities and market demands or opportunities'’, though at different times in the life-
cycle of a technology or industry one or other might be the prime mover. Radical innovation, in particular, is more likely to
be initiated by the supply rather than demand side. But if any innovation is to be a success, radical or otherwise, there must
be customers who are willing and able to do so.

A potential innovator might be expected to find out who are likely to be customers of their innovation, and how the
innovation might best be adapted to meet their needs. Some social science research suggests, however, that managers and
innovators often believe they intuitively know what their customers want (e.g. Akrich (1995). In any case, radical
innovations may be so different from potential customers’ experiences that they do not necessarily realise that they have
needs which the innovation might meet (Miles 1993; Miles, Cawson & Haddon 1992).

At the same time innovators may not have a very clear idea about which the most promising markets will turn out to
be. Traditional market research is not very helpful where a new product or process departs substantially from what is
reasonably familiar to potential customers. Marketing becomes ‘existential’ (Littler and Leverick) and innovators take what
anthropologist Lucy Suchman (1987) and others call ‘situated actions’, that is, actions which have to be adapted to the
unforseeable contingencies of particular situations. The innovator is unable to shape or adapt the product or process to the
needs of a target customer. Where innovations are radical, a market in the usual sense may not exist, but may have to be
created. Michel Callon (1987), a sociologist with an engineering background, writes about ‘engineer-sociologists’, that is
engineers acting as sociologists (or economists), who not only make inventions but invent social and economic
environments in which they can be successful, and then continuously seek to mould their (real) environment accordingly,
rather than just introduce new artefacts into a pre-existing environment on which they then have some impact.

In the early days, there was no market for the various applications of biotechnology, though potential demand existed
in the form of a variety of problems in need of solutions that the developers of biotechnology believed they could provide.
The existence of various illnesses and medical conditions, for example, may represent a potential demand for drugs to treat
them - although in practice the solution may not be a drug at all, but the reduction of pollution or provision of clean water.
In any case such a potential demand is not the same as a market signal, though it may be a motivation for key actors.

The gap between the belief that the existence of a medical condition was an indication of a potential demand for
treatment, and the actual demand that materialised when a product or service becomes available, was illustrated by Ken
Green (1992) in the creation of markets for diagnostics by the active intervention of the innovators. World hunger could be
said to represent even less a demand for genetically modified foods, even though Monsanto was quoted in the late 1990s as
saying ‘ask how you’re going to feed the world’ in reply to public opposition to GM foods (Vidal & Milner 1997). It
certainly is not a market signal for them, since poverty is a major factor in lack of adequate food. The entrepreneurs and
investors who first tried to commercialise biotechnology discovered that they had grossly misjudged the time scale within
which returns could be realised and the conditions underwhich demand would be sufficient for commercial viability.

USERS AND CONSUMERS

Having discussed the concept of ‘demand’, let us now turn to the users and consumers of innovations, and especially of
innovations in agro-biotechnology. Von Hippel and colleagues (e.g. von Hippel 1988; von Hippel and Tyre 1995) have
written about users as prime movers in the innovation process, and Lundvall (1988; 1995) has argued the key role of user-
supplier interaction in the success of innovation. Collaboration in the development stage between a producer of an
innovation and its lead users can be very important. Indeed, users may be as innovative as producers of innovations since
they may have to adapt a new product, or adapt their own procedures. Some innovators create markets, customer loyalty
and ‘lock-in> by providing technical services and training to customers of radically new products''. In biotechnology,
collaboration between suppliers and users of the technological knowledge, or of innovative, biotechnology-based tools and
diagnostics, has been important in commercial success of innovations and the survival of new firms. So has interaction
between innovators and experts who test biotechnology-based products and subsequently recommend them to end-users.

Any technology which has or is seen to have moral or ethical implications can generate public concern, and aspects of
the demand side of biotechnology can be highly politicised. Consumer reaction against genetically modified foods, the
lobbying of government bodies by multinationals, and concern about the ethics of aspects of human reproductive
technology, are all examples. Campaigning and pressure groups (such as Greenpeace, Friends of the Earth, consumer
organisations, ‘right to life’ and ‘right to choice’ groups) are in a position to play a significant role, while the media not
only reflect but also influence public opinion, and hence play their part in market shaping.

Monsanto adopted a strategy of first commercially launching GM crops which were bulk commodities and would
blend seamlessly with traditional varieties as they entered the processing and export pipeline (Morse 1996). Multinationals
in general expected that the application of genetic engineering to food would be welcomed by the public for their beneficial
effects for crop production and the environment. US consumers accepted the new technology fairly readily, but firms were
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surprised to learn that many consumers in Europe regarded GM food as contaminated. Firms thought that all that would be
necessary would be to provide the public with facts and logic to convince them otherwise (Nottingham 1998) and
Monsanto, in particular, launched an advertising campaign in the summer of 1998. Advertising is a traditional method of
creating markets, but this particular promotional activity proved to have the opposite effect: it increased resistance to the
new technology as it increased awareness of it.

Promotional material claimed that the new technologies were environmentally friendly, and would lead to health
benefits, an end to world hunger and reduced use of pesticides. Monsanto’s advertising campaign, for example, said that
GM foods meant higher yields and lower chemical treatments. They found, however, that ‘people’s concerns are not based
on scielr;ce or economics. They’re based on a gut feeling that there’s something dodgy about these foods.” (Greenberg
1998a) ~.

Monsanto commissioned a survey of public opinion in Britain and Germany before and after their advertising
campaign, focusing on several different groups: the general public, social classes A and B, the press, retailers, and MPs and
Civil Servants. In Britain, the public were found to be skeptical of science (ibid). They were generally without confidence
in the food chain, in scientists, in government, and in British or European regulatory authorities, primarily as a result of
‘mad cow disease’ (‘stating that seed had been approved by British food safety agencies reduced support for our products’
[ibid, emphasis added]). The media were sceptical or even hostile. And the name Monsanto was well known to the public
and explicitly associated with the unwanted products (‘those dreadful people with that f---ing long name, whatever it’s
called, Monsanto’ and ‘they used bullying tactics, really. Used their might to bulldoze it through.”) (ibid).

Customers for innovative foods are not only the end consumers who eat it, but also the retailers who decide what to
stock and what to promote to the public, and consequently make a crucial contribution to market demand. The retail
sector’s stance was not so much about safety as about consumer demand (Wrong 1999a). They were particularly critical of
Monsanto whom they saw as having ‘foisted [GM foods] upon us’, having left retailers to reassure the public, and having
removed the possibility of giving consumers a choice. ‘They didn’t care, didn’t want to help’ (ibid). In 1986, both
European food retailers and Greenpeace began to campaign against non-labelled imports, and consumer organisations were
advising caution towards GM foods, fearing that scientific, ethical and social concerns were being swept aside. They were
all critical of the fact that decisions were being made on behalf of consumers with minimal public debate. EuroCommerce,
which represents the wholesalers and retailers, urged US grain companies to segregate GM from non-GM products. At that
time Monsanto claimed this to be physically and economically impossible (Maitland 1996), and in general it continued to
shrug off protests at this time.

Whereas in the USA the more highly educated and upper socio-economic groups ‘helped forge the way for
biotechnology’, in the UK they were found to be even more hostile than the general public. Seventy percent of Members of
Parliament and civil servants, while themselves reacting positively to GM foods, showed a strong negative reaction to the
way in which Monsanto introduced them (‘absolutely appalling’ and ‘arrogant’ were among the comments quoted by Stan
Greenberg [1998a]). In summary, the Monsanto advertising campaign, which had cost the firm £1 million, ‘was
overwhelmed by the society-wide collapse of support for genetic engineering in foods’ in 1998 (ibid). That year saw a
major upsurge of hostile public opinion in Europe to genetically modified products in food.

Firms we interviewed in the USA in the same year were not yet faced with similar concerns from the American
public, and commented that Europe’s move towards requiring the labelling of genetically modified foods ‘could really
disrupt trade’ or indeed that firms in European biotechnology markets could be facing ‘a major trading disaster’. The
reports to Monsanto discussed above were leaked onto the internet by Greenpeace in November 1998, revealing the
‘extreme hostility’ and ‘collapse of public support for biotechnology and genetically modified foods’ (Greenberg 1998 a &
b), in both Britain and Germany. The hostility towards GM foods was even greater in Germany than in Britain.

Meanwhile other firms in the business, such as Zeneca and Novartis, were busy distancing themselves from
Monsanto’s strategies, both in GM food promotion (to which they attributed the consumer backlash (Coughlan 1998)) and
in limiting the sales of Roundup Ready™ crops to users of their herbicide Roundup™, although these crops are also
resistant to other herbicides. There was also opposition to Ciba’s corn-borer resistant maize, but tomato paste using Zeneca
GM tomatoes had been sold for a few years in UK supermarkets, clearly labelled and apparently without opposition
(Maitland 1996)". UK supermarkets Sainsbury and Safeway labelled tomato pastes made with Zeneca tomatoes, so
shoppers knew what they were buying and could choose something else (though tomato paste containing GM tomatoes
appears to have since been withdrawn). Monsanto’s advertising campaign, however, alerted the public to the fact that they
in fact had no choice - and possibly no knowledge - about the inclusion of GM soya and other products in all manner of
unlabelled foods, and to add insult to injury the firm was telling them it was a good thing.

Europe’s early opposition - compared with the USA - to GM foods has been attributed to the public’s inability to trust
what politicians, scientists or representatives of the food industry said about food safety, in the light of misleading
statements during a succession of food safety scares, such as those about salmonella in eggs and chickens, listeria in cook-
chill meals, and above all BSE in beef (Nottingham 1998; Gee 2000). Environmental concern, for example about ‘gene
hopping’ has also been expressed and this, too, seems to be more an issue in Europe than the USA. Smaller farms, smaller
fields, closer to each other, and high population density in Europe may have contributed to this. Opposition to ‘meddling
with the processes of life” has also been present, though no more so in Europe than in the USA. The latter concern seems to



38 International Journal of Sociology of Agriculture and Food

have been overcome in relation to the development of drugs for saving life or alleviating serious chronic medical conditions
(Maitland 1996), although other medical treatments where ethical issues are more to the fore, such as those concerning
human reproductive technology, are still the subject of widespread public unease, and this is at least as much the case in the
USA as in Europe.

This section has considered the role of consumers and users as actors in the demand for agro-biotechnology products
and services, arguing that there are a number of different actors along the value chain, and that these actors not only send
(or do not send) market signals in the conventionally accepted way, but also contribute to the creation and shaping of
markets in various ways. As discussed earlier, evolutionary economics has expanded the concept of the market into that of
the selection environment, which includes the system which regulates what may or may not be marketed, and
intermediaries who prescribe and recommend products on the market. These will now be explored in the next section.

THE REGULATORY ENVIRONMENT AND INTERMEDIARIES

The non-market parts of the selection environment are particularly relevant in understanding the success and failure of
biotechnology-based products and services. Regulations covering drug and food safety and environmental protection affect
the market for biotechnology, while professional experts in the field of medicine, nutrition, agriculture and ecology carry
out trials and prescribe or recommend products. Firms consider it necessary - and worthwhile - to lobby law and policy-
makers and to direct promotional material at the professionals and experts.

In the early 1990s, for example, the Council of the Chemical Industries in Europe (CEFIC'*) had a Senior Advisory
Group on Biotechnology (SAGB), made up of representatives of all the large firms in the industry with biotechnology
interests. This group had the task of producing information and lobbying the European Parliament and other decision
makers to encourage them to take decisions that were as close to the interests of the industry as possible, especially
concerning environmental, product safety, intellectual property and other regulations governing biotechnology based
products, processes and services (e.g. SAGB 1990). The ‘fast track’ for notification of releases of GMOs in field trials and
commercial planting, a consequence of public policy in this area, has also affected the rate of growth of the market for the
products.

We have reported elsewhere (Walsh, Ramirez & Tampubolon 2000) that the building of international inter-firm /
inter-organisational alliances, in relation to pharmaceuticals, has been motivated by firms’ need to tap into and embed
themselves in the different national systems of innovation, not only for supply-side reasons (e..g. best utilisation of the
science and technology infrastructure, tax breaks and other favourable government policies), but also for demand-side
reasons. By becoming recognised as an established part (and ‘good citizens’) of the countries in which they sell their
products, firms may shape and influence their selection environment, notably by influencing the policies of governments
that affect markets, prices and regulatory régimes, as well as carrying out the more traditional activities of establishing links
with lead users and complying with regulatory requirements that necessitated local trials. The drive to commercialise
genetically engineered foodstuffs, in particular, has involved heavy lobbying of trade organisations, regulatory bodies, law
makers, the media and consumers (Vidal & Milner 1997).

The intense lobbying and advertising by the agrofood industry has, however, rebounded on it, as discussed above, and
although governments in Europe have generally been more willing than their citizens to accept GM foods - the EU
approved US imports of soyabeans containing GM varieties in April 1996, for example - public pressure has had its effect.
EU policy in the late 1990s was influenced by two main conce