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Chapter 24
Will Biotechnology L ead to More Sustainable Agriculture?

Sylvie Bonny*

Introduction

Technologica changes in agriculture over the last few decades have been subject to
criticism:  damage to the environment, pollution, remova of certain ratura resources faster
than they can renew themsdves, soil deterioration, loss of biodiversity and degradation of
landscape, etc. It is often agreed that the modd of agriculturd development should place
more emphass on sudanability which has become the password even if susanability is
subject to widdy differing interpretations and requirements.  But a the same time,
agriculture is developing rapidly as a result of many different factors globdization, trade
liberdization, society's demands, applications of technica and scientific advances, etc.
Will the resulting changes lead to grester sugtainability? This article dedls with the contro-
versd subject of biotech applications and genetic engineering, in particular.

The widdy adopted definition of sustainable development is the one used in the
Brundtland report:  "development that meets the needs of the present generation without
compromising the ability of future generations to meet their own needs’ (WCED 1987).
Although this definition seems to be generdly accepted, it is relaively vague and can be
made to mean a variety of different things, depending on who is usng it. The need to
reconcile ecologicd and economic factors is often emphasized as wel as the necessity of
avoiding irreversible deterioration of the environment. For the purpose of this article, we
will use a broader definition which will aso include socioeconomic factors  Sudtainable
agriculture will therefore be defined as follows (Bonny 1994):

— environmentally sound, preserving resources and maintaining production potentid,
— profitable for farmers and workable on along-term basis,

— providing food quality and sufficiency for al people,

—socidly acceptable,

— socidly equitable, between different countries and within each country.

Is biotechnology heading in this direction? This is the question that we will look at
here. Badcdly, biotechnology is a the center of a controversy and is seen, by some, as a
means for more sustainable development and, by others, as just the opposite.  The purpose
of this article is to examine its potentid and its limits, the way in which biotech could cont
tribute to sustainability and the contrary. We will look a the potentid impact of genetic
enginesring in agriculture on each of the different aspects of sudtainability: effects on the
environment, economic Vviability, sufficiency and food qudity, socid acceptability and
equity.



Will Biotechnology L ead to a Form of Agriculture
That Will Preserve Both The Environment and Resources?

Potential Positive Effects of Biotechnology

- A New Type of Agriculture Relying More on the Potential of Living Matter.
Biotechnology could contribute to the development of a new type of agriculture that
would rely more on biologicd processes and the potentid of living maiter and less on
chemica applications. The agriculturd development model which evolved in the 20th
century and particularly after the 2nd World War relied mainly on three types of technica
innovations. (i) mechanization with tractors and other machines, replacing human and ani-
ma muscle power; (i) use of chemicds and, paticularly, fertilizers and pedticides made
from gynthetic chemicds, (iii) the sdection of new high-yidding breeds and varieties.
Although genetic improvement has been used for a long time, it was mainly mass sdlection
done by farmers on the bads of individuad phenotypic characteridics. In the 20th century,
more scientific methods based on the laws of heredity were developed in State Research
Centers and through private seed breeders, resulting in the marketing of high-yidding
breeds and varieties.

One of the mgor causes of environmenta damage has been the gpplication of these
innovations sometimes without the proper control and with disregard for their secondary
effects because the emphasis was put on increasing production. This has adso led to the re-
placement of essentidly homegrown farm inputs with externd indudtrialy-produced inputs
because of fam specidization. The result is a reduction of complementarity between
different activities, which, in the past, permitted by-products from one activity to be used as
raw materia for others.

Biotechnology is opening numerous posshilities to more fully develop the potentia
locked within living matter (INRA 1998). Indeed, living matter is now better understood,
and man has acquired a much greater intervention cgpacity through knowledge of the
mechanisms which govern and regulate different functions and as a result of the deve-
opment of different methods used to modify the functions in the desred way (Bonny
1998d). Following are severd examples of improving the potentid of living matter while
limiting the use of chemicals

— Use of bacteria or plants, geneticaly modified to produce different pharma-
ceutical or other products instead of obtaining them through chemicd synthesis
(this has dready been put into use and should develop).

— Development of plants resgtant to insects, nematodes, fungi, viruses and bac-
terid disease. Thiscoud make it possible to avoid the use of some pesticides.

— Improvement of plant-microorganism symbioss (present in legumes as well as
in other plants such as filaos or Casuarinaceae in tropica countries) and plant-
mycorhiza associations which could lead to improved plant growth and/or
increased yield without additiona inputs.
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— Underganding of the processes by which plants assmilate nitrates could lead to
more efficient use of nitrogen.

— Modification of the compogtion of certain produce should make it easier to
process and less codly in energy and chemica additives after harvesting. Re-
search is being done to modify the lignin content (or the type of lignin) of
certain trees used to manufacture pulp so that the process will consume less
energy and pollute less.

— Findly, bread, beer and cheese have been made for centuries using traditiond
biotechnology methods, thet is, naturd microorganisms. These methods could
be improved through genetic modification of these microorganisms in order to
fadlitate certain forms of processng, to more efficiently resst bacteriophages
(viruses which destroy bacteria) or even to produce molecules which would
inhibit undesirable germs, grestly reducing losses.

These examples show that better use of the potentid d living maiter could leed to a
new agriculture that would require less chemicd inputs per find produce unit and which
could therefore better preserve the environment and resources provided that the trans-
formation used have obvioudy been tested for safety.

- Less Chemical Treatments as a Result of Pest-resistant Plants. In 1998, the
most common tranggenic plants, including both those dready cultivated and those being
tesed in fidd trids, were varieties tolerant to herbicides and, in particular, glyphosate,
sometimes glufosinate or even oxynils. Does a variety that is made tolerant to an herbicide
that is grown with it require less herbicide treatments than a conventiond variety which is
weeded usng norma methods, in terms of the quantity of herbicide used, the number of
treatments, and the toxicity of the products used? Precise and adequately documented data
for different crops and differing agroclimatic conditions are only partidly avalable a this
time. However, the initid results seem to indicate that, effectively, less herbicide tresat-
ments are necessary for tolerant transgenic plants (James, 1998; Gianess, 1999; and data
from Monsanto). As regards transgenic plants resstant to insects, nematodes and bacteria
or viral diseases, there are two cases. ether the crops were treated beforehand and, in this
case, the specific pesticides are no longer used, or the crops were not trested and the yield
of the transgenic crops should be higher.

We can therefore assume that the overal amount of certain totad weed-killers to
which transgenic plants have become tolerant should increase (glyphosate, in particular).
On the other hand, use of other herbicides should decrease a little; this is dso the case for
certain pedticides as well. However, this implies that the disgppearance of one pest does
not encourage the development of another, and that, in generd, new solutions will prove to
be sufficiently enduring. In addition it is necessary to take into account not only the
amount of pesticides used, but also their degree of toxicity.

- A Potential Protection of Some Natural Resources. It may result from the
improvement of agriculturd yidd and production efficiency as promised by biotech
nology which may lead to saving fragile soils, forests and land for other uses. With the
development of plants resstant to herbicides or to certain crop pests or disease-carying



agents, production losses could be reduced, paticulaly where effective widdy-used
trestments are lacking. This reduction in losses could be very advantageous because they
are condderable at this time (Oerke, Dehne et d. 1994). They could adso be reduced
through better conservation of plants after they are harvested, an area where transgenesis
could provide faster and easer solutions than those resulting from traditiond means of
section. Findly, on a long-term bass, the development of varieties resstant to drought or
to a cetan il inity and which reman sufficiently productive, could dso lead to
increased yidlds. This is dso true if stientists succeed in mastering certain processes which
govern photosynthesis in the future.

The improvement of yidd capacities is percaived as usdess and even harmful by
some consumers during the present period of overproduction in developed countries.
Neverthdess, it is dso posshble to use it to produce the same quantity with less chemicas
or naturd resources (land, water, etc.) and to decrease production costs while limiting
pollution. In addition food increase is needed for the coming years and decades. But the
increase of yields would be more advantageous in countries where production is insuffi-
cient and where part of the population suffers from manutrition, provided tha the addi-
tional foodstuff obtained can reach the manourished, which unfortunately cannot be taken
for granted. Bascaly, present manutrition problems are not the result of insufficient
overdl agricultura production, but stem ingtead from wars or factors of insecurity, on one
hand, and, on the other hand from low income leves of part of the populatiion which cannot
afford to buy avalable food. Ther nutrition leve could only be improved if those among
them who grow food crops could produce more and if the economic sStuation of the others
improves, a complex process that does generdly not depend on only one technicd
innovation...

Increased yidd results in increased production without using new land for planting
crops. This means that deforestation and additionad erosion may be avoided. As a matter
of fact, clearing is generdly done at the expense of forest land, on doping terrain or on
fragile soil, dl of which are subject to eroson. By preserving this land, the biodiversty
found in these uncultivated spaces is dso protected. This could be very advantageous for
regions where the quantity of arable land per person is very limited, like in Asa But yied
increase will il have to effectively discourage the clearing of new land...

- A Contribution to Maintaining Biodiversity. Biodiveraty can be evaluated at
different levels (i) genetic diversty (within a species), (ii) the diversty of the number of
anima and plant species (within a zone), (iii) the diversty of ecosysems present in a
region, (iv) the divergty of landscapes. The potentid contribution of biotechnology can
concern the different levels. For example it enables a better knowledge of genetic diver-
gty, its importance and its scope, using biomolecular methods rather than traditional ones
to take a closer look a the distance which separates species or different varieties of the
same species. Genetic engineering can provide us with the tools to recognize the vaue of
genes present in different species which could be used to confer certain properties through
tranggenesis.  The presarvation of biodiversty has a better chance of being taken into
congderation if its vaue is recognized! In addition a better protection of the specific and
ecologicd diversity is made possible through better yields (see above).



- A Potential to Clean up Pollution. Findly, biotechnology could be used for
bioremediation: processes have been developed to treat polluted soil, water and waste
(OECD 1996). This could be very advantageous both in developed countries and develop-
ing countries where serious contamination problems exig.

Potential Negative Effects of Biotechnology

In contrast to its potentid pogitive effects on the environment and natura resources,
other repercussions of biotechnology could be more negative. We cannot make a definitive
evdudion a this time. We can only ligt the risks (Kahn 1996 ; Ho et a. 1997 ; Snow,
Moran PAdma 1997):

— Over-atificidization of nature with, in particular, the transgresson of species
barriers and the possbility of unexpected effects due to the insertion of new
genes in an organism's genome. Many unknowns exist and it is not yet exactly
known where the transgenes insart themsalves.

— Uncontrolled flow of genes transferred to other nearby crops of the same family
or to wild plants which cross with the transgenic plant (Mikkelsen et d. 1997:
Chevre 1997). It is feared that the volunteer seedlings of transgenic plants
tolerant to an herbicide could be difficult to iminate or to control in certan
crop rotations. Work is being done to evduae these flows but snce this
phenomenon could eventudly concern different types of plants, it could become
difficult to manage.

— Increased use of herbicides such as glyphosate with the development of dif-
ferent crops which are tolerant to it could increase the risk of weeds resistant to
this herbicide whereas none exist at present. This would be regrettable since
this total weed-killer herbicide is consdered to be one of the least toxic which
explains the importance of preserving its effectiveness.

— Increedng large-scade use of Bt proteins with the deveopment of different
transgenic plants resstant to a certain insect could dso increase the risk of the
selection of resstant insects. In these varieties (cotton, corn, potatoes, ec.), the
Bt gene of the Bacillus thuringiensis bacterium is generdly inserted, coding
gpecific endotoxins which are not harmful to man and other animas. Multipli-
caion of the use of Bt could make it eventudly impossible to use these proteins
wheress they are of great vaue and can be used in different forms, particularly
in biologica spray control used in organic farming.

— The effects of insect-resgant transgenic plants on auxiliary fauna need dso
more in-depth andysis.

— Certan forms of biotech such as in vitro vegetative propagation could lead to a
decrease of biodiverdty and to a greater susceptibility to diseese if they are not
managed carefully enough. On the other hand, it is sometimes feared that
genetic engineering greetly reduces the number of species proposed to farmers
as a result of the tendency to concentrate on crops which represent the biggest
markets.  Is enough attention given to improving land varieties which corre-
spond to relatively unprofitable markets?



— The introduction of transgenic plants is sometimes compared to that of a new
gpecies in certain environments.  This has sometimes led to a plague due to the
lack of naturd enemies to the species introduced which can then proliferate
(Peoletti, Pimentel 1996).

These specific environmentd risks can be sudied, case by case, a least in the
beginning. But there are others that are much more difficult to evauate today because they
are rdatively unknown or have not yet manifested themsdves. It is extremdy difficult to
detect an unknown phenomenon precisaly because references and means of detection are
missng...

Last but not least, the increase of knowledge in this area can be used in many ways,
including even the development of biologicd warfare (Biofutur 1998). Extremey deadly
wars could certainly be fought without sophisticated weapons, but the question of the
possibly dangerous gpplications of certain new techniques should be examined in order to
control and prevent them, an extremdy difficult undertaking.

Will Biotechnology Enhance Economic Viability in Agriculture?

A Possible Positive Contribution in this Area...

Biotech may contribute to economic viability in agriculture through a reduction in
production costs due to fewer losses or higher yields. In the United States, transgenic
crops such as soybean and corn rapidly improved between 1996 and 1998, testifying to
ther advantage for farmers and a better gross margin.  But will this continue since the
respective prices of seed and inputs can be changed quickly? Agriculturd development
over the last few decades revedls three interrdlated phenomena affecting price trends in
congtant prices in France: a drop in the price of agricultural products (divided by 2.2
between 1960 and 1997), a much more moderate drop in the cost of inputs and a near
stagnation of consumer prices of food products (related to changes in the type of products
consumed, among other things). Anayses usng the method of surplus accounting show
that agriculturd productivity gains often benefited the customers, particularly the sector of
trade and digribution or those buying exports, rather than the farmers themselves, a least
before 1993 (however productivity gains in 1994-96 mainly benefited farmers) (Decham:
bre 1994 ; INSEE 1998, p. 25-27). It can be hypothesized that the same phenomena that
occurred previoudy for other innovations will be observed in the future for transgenic
plants economic gains for farmers will probably be temporary as a result of the relative
drop in agriculturd  prices, the increased gross margin resulting from innovation will be
eroded little by little. But ther use is just about unavoidable in order to reman in the
profession (Cochrane 1958).

Another advantage of transgenic crops is seen as atractive by farmers. production

divergfication. Biotech could actudly give agriculture the opportunity to produce new
products using transgenic plants, e.g.:
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— pharmaceutical molecules or vaccines,

— nutraceuticas or functiond food or pharmafood (foods containing supplements
or compounds that are thought to ddiver a specific heath benefit),

— different substances used in agricultura or food production such as vanilla,
pyrethrum, dkaoids, very strong sweeteners, €tc.,

— agriculturd produce whose composition has been modified to adapt to certain
chemicd and energy uses such as rapeseed which is enriched with fatty acids,

— tranggenic animds such as pigs might eventudly produce organs for human
transplants (in this case, the purpose of tranggeness is to prevent the
trangplanted organ from being rejected).

But are these new prospects sgnificant? Certan ones such as pharmaceutical
molecules would certainly be limited in quantity; others such as new products for chemistry
or energy could require large volumes. Neverthdess, different conditions would be
required before vegetaochemistry could partialy replace petrochemistry over the next few
years or decades. For example, a substantia rise in the price of oil and/or a decrease in the
cogt of raw agriculturd materids due to more efficient processing would be a prerequiste.
Since energy or chemica raw materids from agriculture would be bought a a low price, it
is not certain that this would contribute to kegping a large number of farms in existence.
Farmers would certainly earn more by gearing themselves towards products or services
with a high added value provided that they would get back a substantia part of the added
vdue. This implies that they themsdves would be respongble for the processng and/or
sales, or that they would maintain some control over the sector. This does not seem to be
the case for GMO produce, at least in the beginning.

...But with the Risk of Greater Dependence of Farmerson Industrial Firms

For severd decades now, farmers have bought more and more inputs from indusiry,
including a large proportion of seeds, but with variations depending on the crops. What
changes would result from the introduction of transgenic plants? GMO seeds are more
expensve in order to pay for the long R&D phase and dl of the work and investments
made by industry before putting them on the market. But indudtrid firms establish seed
prices 0 that the farmer has a better gross margin (with the gain in yied or the dimination
of another input) to incite him to use them. Is technical crop management (control of
weeds or other pests) easier? This must be examined for each case and over a sufficiently
long period of time.

By using transgenic seeds, farmers will be more dependent on agro-industry.
So, if a farmer uses a plant that has been made tolerant to a certain herbicide, he has to use
this type of herbicide and the brand sold by the firm which contributed to the development
of the tolerant seed. He has adso to follow the ingtructions to the letter (more carefully than
with nor+transgenic plants) if he wants to avoid legd as well as technicd difficulties If a
farmer grows a transgenic plant with a modified composition (e.g. rapeseed enriched with a
specific fatty acid), he will probably do so under contract with a company that will provide
him with seed, treatment products, specifications to be respected for the crop and that will
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then buy up what he has produced. Even though contracts have existed for a long time in a
large part of the agricultural sector, they are rarely to the advantage of those who work the
land themsdves. Will it be different today when farmers have unions to represent them
and better defend their interests? In any case, agriculture runs the risk of becoming less
and less "peasat” and more and more indudridized, despite the fact that genetic
engineering offers the possbility of a new type of agriculture that could more fully develop
the potentia locked within living matter processes.

Another way that farmers could be dependent on indudry is through the develop-
ment of patents. Because of the high cog of R&D in genetic engineering, firms have
demanded that the products developed be protected by a patent as is the case for other
indugtrid innovations, and not only by Plant Vaiety Rights The largest indudrid firms
therefore may appropriate a large part of germplasm for their own use; this may impede the
development of new varieties by other firms or by public research centers.

Fndly, huge concentration, merger, acquisition and buyout movements in
volving agro-chemica and seed companies particularly active in the fied of biotechnology
have been observed over the last few years. Tomorrow, what will be the consequences of
this concentration of the possession of genetic resources in the hands of only afew?

In addition some consumers are more wary of techniques used in agriculture.
This could lead sometimes to codtly regulations and standards in dl farming sectors.  This
could aso lead people to avoid certain food products, serioudy affecting the concerned
areas of production. The controversy surrounding GMOs is cregting an amosphere of
suspicion which could crystdlize around one or another food product on the occason of an
even relatively innocuous everntt.

Will Biotechnology I ncrease Sufficiency and Improve
the Quality of Food for Everyone?

Biotech Supporters Emphasize their Potential Contributionsin this Domain...
- An Increasein Agricultural Production. It could be obtained:

— by decreasing losses due to certain crop pests, paticularly through the intro-
duction of resstant genes (see above). As for fungus or virus control, in vitro
vegetative propagation has aso made it possible to regenerate a variety con
taning a virus and to obtan virus-free cutivars. Better conservation after
harvest is ds0 a key factor and is presently being looked into: some results have
aready been obtained.

— by increasing tolerance to salt, drought and certain metals. Yidd is fre-
quently limited by a lack of precipitation. Moreover, water resources are more
and more difficult to come by and a source of conflict between different users,
and irrigation can reult in an increase in soil dinity. Better plant tolerance to



these limiting factors would be very advantageous but this work is only in the
experimenta stages.

— by enabling the production of new types of foods or of nutrition supple-
ments, paticulaly proteins.  for example, the deveopment of varieties
enriched in lacking essentid amino acids, the development of aquaculture, the
growth of proteins from unicdlular organisms, etc.

Scientigs fed tha it is possble to influence different factors which affect plant
yied: for example, the increase in the harvest index and the effectiveness of certain phases
of photosynthesis. The reduction in losses which are enormous should, in itsdf, lead to an
increase in production: Oerke and Dehne (1997) estimate that for the period 1991-93,
losses due to rice pests amounted to 51% of the possible production if there had been no
losses, 34% for wheat and 38% for corn. It can therefore be deduced that the introduction
of new pedt-resstant varieties could increase food supply provided that they are enduring
(however, it ssemsimpossble to completely diminate dl the losses).

- An Improvement in Produce Quality. Different characterigtics of quaity can be
or could be modified through transgenes's, particularly composition:

— modification of the fatty acid content of oilseed crops according to ther find
use,

— increasein the content of different vitamins or certain micronutriments,

— improvement of the capacity of products to undergo certain forms of processing
after harvegting,

— decreasein the quantity of nitrates present in edible plant parts,

— reinforcement of organoleptic quality, etc.

Different results have dready been obtained and rapeseed enriched with certan
fatty acids is aready marketed in Canada. For some, and the processng indudtry, in
paticular, biotechnology offers a vaduable improvement in qudity. But, on the contrary,
those opposed to genetic engineering see this as an dteration or even the dissppearance of
quaity as a result of the use of "genetic manipulation® which transgresses the naturd
barriers between species...

...But Others are Skeptical of the Claim that Biotechnology Can I mprove the
Food Situation, particularly for those who need it the most.

- At the Quantitative Level. Research in genetic engineering is generaly done by
big private firms with an eye to financidly solvent markets. Thus, 92% of the field trids of
transgenic plants during the period from 1986-1995 were carried out in developed countries
with only 8% in less developed countries (LDCs) and particularly in Argentina and China
(James, Krattiger, 1996). The percentage of trias carried out in Africa was only 0.7% and
1.7% for less developed countries in Ada (including China), for the same period.
Admittedly, biotech research is done within the framework of the Internationd Agricultura
Research Centers, by research organizations in some less developed countries, and by
research inditutes in developed countries involved in cooperation such as IRD or CIRAD



in France (IRD: scientific Research Indtitute for Development; CIRAD:  Internationd
Center of Agriculturd Research for Devdopment). Different international organizations of
the United Nations devote attention to this as well. Thus a certain amount of research in
this area is directed towards the less developed countries, but it is often confronted with a
lack of resources. Anderson, Pardey and Roseboom (1994) determined that during the
period from 1981-1985, agricultura research expenses per agriculturd worker were $3.10
in 1980 purchasing power parity (PPP) in sub-Saharan Africa (37 countries) as opposed to
$213.50 1980 PPP in the 18 most developed countries in the world. Moreover, resources
dlotted to agriculturd research in the poorest countries have often diminished over these
last few years (Pardey, Alston 1995). Therefore, one of the major risks of biotechnology
isthat it is not sufficiently geared towards the needs of those who need its potential
contribution the most and that they can take only little advantage of it. In addition food
security implies that there is sufficient income to buy food: certain populations could even
lose income sources with the development of biotech in the Northern countries leading to
production which would be in competition with their exports (see below).

- At the Qualitative Level. Does genetic engineering areste toxic, food and hedlth
risks? Some consumers — a large proportion in some countries— fear that there are risks of
toxicity related to the nature of products whose synthesis is controlled by the new gene, to
the modification of plant metabolism due to the transgene or even to the modified
metabolism of herbicides to which the plant has been made tolerant. One must dso look at
the potential food risks related to new compounds which are possbly present in the
tranggenic plant and at the risk of dlergy due to products synthesized by the transferred
gene.  Others mention the risk of developing resstance to antibiotics from marker genes
which code this characteristic and are present in some transgenic plants. These toxic and
food risks, of which Wesern consumers are very aware, have undergone and are
undergoing numerous tests before they can be approved for marketing (Kahn 1996; CNRS
1997; OCL 1997). Thus it should be possible to control these risks. But what about other
risks, particularly those of an economic nature?

Will Biotechnology L ead to a Socially Acceptable Form of Agriculture?

In some western countries, particularly in Europe, the present indudtriaized agricul-
turd modd is subject to criticisms as a result of environmental damage, recent food safety
problems, food qudity sometimes deemed inadequate, insufficient control over quantities
produced, etc. (see Bonny 1998c, for example). In this context, what could be the effect of
introducing GMOs? May this not make Western consumers more wary of food and agri-
culturd production techniques? In fact, certain consumers express doubts about modern
farming techniques deemed to be too artificid and to pollute too much, and towards food
products considered to be "tasteless, pumped up with water and full of pesticides,
antibiotics and hormones'. In 1996, the mad cow criss crystdlized these questions and
doubts. In this climate, consumers are not very enthusiastic about the prospects of foods
made from GMOs. A poll taken by SOFRES (a French polling inditute) in February 1998
at the request of UIPP (professond Union of the Crop Protection Industry), on a sample of
1003 people, representative of the French population, indicated that:



- 69% are agang growing transgenic plants (32% totaly againgt, 37% somewhat
agans),

- 26% arein favor (4% totdly in favor, 2% somewheat in favor),

- 5% didn't know.

The last Eurobarometer poll of the European Commission taken at the end of 1996
and concerning opinions about biotechnology, led to a more in-depth andyss of variaions
of opinions as a result of different factors (Eurobarométre 1997).  Although certain medica
applications of genetic engineering, particularly disease diagnogtic tests and the production
of medicines or vaccines, are consdered ussful and moraly acceptable, applications in the
area of food production are less wel viewed. The use of genetic engineering may cort
tribute to the growing suspicions of many consumers. On the contrary, it contributes to the
revivd of interes in other forms of agricultura production such as organic faming. One
of the indirect effects of the development of GMOs in agriculture could be its contribution
to the development of the organic food market, a least on a short-term basis. But this area
will probably remain limited because a high proportion of consumers seek out chegp and
eadly prepared foods. Genetic engineering is often perceived by some consumers as an
over-exaggerated atificidization of agriculturd production. Thus, over hdf of the French
respondents (54%) in the Eurobarometer poll said they pretty much agreed with the
gatement, " One should only use traditional growing methods' (16% chose not to give their
opinion). The people polled fdt, however, that certain developments n genetic engineer-
ing were manifestly podtive in contrast to others which were qudified as negdive or
anbivdent. Moreover, the probability of actudly developing "postive’ gpplications is
consdered more likely than that of applications that were poorly viewed. Opinion could
therefore be influenced by actuad developments and consequences of genetic engineering.
This is what has come out of the poll taken by the ACNiesen Inditute in late June - early
July 1998, of 1000 pandlists from ther Homescan-consumer pane (the sample was
certainly dightly biased) (Le Corroller 1998). It seems that 75% of the participants said
they would probably buy transgenic food products if they could be assured that there were
no hedth risks and 72% if they were informed that the nutritiond vaue would be
increased (Table 1).

TABLE 1 Likelihood of Consumers to Buy Transgenic Foods According to Certan
Advantages Presented (ACNielsen poll, 1998) (in % of answers for each proposa)

yes no no
for yes probably | surely
Will buy transgenic foods sure | probably | maybe not not
- if they are guaranteed that there is no
health risk 1 2 43 15 9
- if they are informed that the nutritional
value isincreased 10 21 M1 17 11
- if they are informed that they taste better | 7 20 a1 20 12
- if they are informed that they are less
expensive 9 19 35 24 13




The reserved attitude of European consumers towards genetic engineering applica
tions can be explained by many reasons other than culturd factors that we will not go into
here. Firg of dl, the advantage of geneticaly modified foods, compared to those dready
exiding, often seems to them very smdl and even negdive due to fears concerning the
different risks. Secondly, biotechnology is part of the trend to indudtridize agiculture and
even reinforces it, wheress this trend is seen as being rather negative by a proportion of the
consumers.  Findly, the controversy surrounding this subject and the hestations and even
reversds of authorization decisons have contributed to confirming these doubts. More-
over, refusng GMOs often seems to gem from the cryddlization of concern over the
overdl socio-economic evolution: concentration and increasing power of firms, growing
socid inequdities, furtherance of the marketability of al sectors — now the genes, etc.
Genetic engineering seems sometimes playing the role of a scapegodt. ..

Biotechnology and Equity.
Will Biotechnology Strengthen or Weaken Disparities?

Wide disparities between development leves throughout the world are a factor
which make the present system unsustainable. Biotech is presented by its promoters as
being indispensable to feed humankind in the 21t century while preserving the environ:
ment and resources and, therefore, an essentid tool to development.  An open letter sSigned
by fifty scientific and politica leaders from thirty LDCs and former communist countries
was published in October 1998 under the aegis of the Monsanto Company to cal for
biotech development. They write:

"As we stand on the edge of a new millennium, we dream of a tomorrow
without hunger. To achieve that dream, we must overcome many hurdles,
including poverty, distribution, water supply, soil eroson and crop disease.

Biotechnology done cannot address dl of these hurdles, but it is an
important tool in our hands today. We know advances in biotechnology
must be tested and safe, but they should not be unduly delayed. In the next
century, we need food that is more plentiful and more affordable than it is
today. With more productivity needed from less tillable land, we need new
ways to yield more from what is left. To drengthen our economies, we
need to grow our own food as independently as we can. Agriculturd
biotechnology can help play a mgor role in redizing the hope we dl share.
This science can hdp make a dramétic difference in millions of lives. (...)

Let the harvest begin.”

The technicad potentid of biotechnology is certainly notable but its economic
repercussions in the LDCs or for deprived populations could be a nixed blessng, at least
on a short-term bag's, asthe following risks illudrate:

- At the present time, biotechnology, developed largely through private invest-

ments, is particularly geared towards the markets of rich countries. Its firs impact
would be the increase of production for the big internationd agro-exporters. In 1998,
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virtudly al of the 30 million hectares of transgenic plants were grown in three mgor agro-
exporting countries: the USA, Argentina and Canada (James 1998). Agriculturd exports
from agro-exporting countries would probably increase, particularly if they produce more
a alower cost. This could lead to a drop in world agricultura prices, or a least prevent
their increase if market dtrains arise. Urban populations and particularly retallers, middle-
men and wholesders would be a an advantage in the LDCs. But what about locd
producers and smdl farmers? Competition of imported products, often & a low price,
could discourage locd production which would not redly contribute to food security.
Admittedly farmers could find work in the cities but not al of them, which could creste
difficult dtuations. Even if emerging countries can afford large agriculturd imports, strong
dependence on these (especidly on food products) is generaly considered undesirable.
Security in this area requires a certain degree of sdlf-sufficiency in addition to severd types
of exchanges. It would be important that biotechnology increase production first in
areas where food is lacking ingead of increasng competition due to agriculturad imports
from developed countries and, therefore, discouraging loca production in some LDCs.

- Loss of markets and income sources if Northern countries produce different
subgtances through biotechnicad means that are presently extracted from produce bought
from LDCs. For example, the production of different types of faity acids by transgenic
rgpeseed could create giff competition for pam and coconut oil exports from different
countries.  Thaumdine (an intense sweetener) or naura vanilla flavorings obtained
through genetic engineering could possbly put an end to the harvest or production of these
crops in certain Southern countries (Leisnger 1995, Gahardi 1996). The impact of
biotechnology in this area depends on different factors and particularly on the possbilities
of diversfying production in the Southern countries and on their Stuation: are they net
importers or exporters of agriculturd products? Do they have a high or low technologica
potentia? Are they capable or not of exporting other types of products?

- Difficulty of access to technologica advances which are aggravated by the fact

that high R&D costs has opened the way for legd protection through patents, possibly
hindering their use in the poorest countries.

- The piracy of genetic resources in Southern countries. Specific and genetic
biodiversty are much grester in Southern countries.  Using traditional medicina  plants
from locd pharmacopoeia, indudrid firms can extract vauable active ingredients that they
protect with a patent and then market in the form of medicine. In the same way, vauable
locd plants could be geneticdly transformed in developed countries and protected by a
patent. This could prevent other research using the same germplasm and deprive Southern
farmers who produce these same products for export of their markets. Different members
of LDCs and NGOs (non-governmenta organizations) denounce the fact that the Southern
countries that discovered the vaue of certan plants (diminaing the need for pharma-
ceutical and agro-chemicad companies to screen thousands of molecules) and who
geneticaly improved them using traditiond methods over thousands of years in the case of
plants which benefited from selection by loca populations, are the ones who regp the least
benefits from them. Admittedly, Article 19 of the Rio Convention on Biologica Diversty
in 1992 dipulates that LDCs should receive payment for their genetic resources, but its



actua acceptance and application have met with some obstacles (Sauvain, 1997). How-
ever, catan people fed that the Southern countries should not be under too many illusons
about the source of wealth represented by genetic resources (Macilwain, 1998). In the area
of pharmaceuticss, modern recombinant chemistry techniques reduce the need for
bioprospection; and so does the development of gene banks to find genes that could be
transferred to plants.

- Dependency of farmers on big firms. The big agro-chemicd, processng and
digribution firms play an increesngly important role in agriculturd production. This could
develop according to their economic interets more than to those of smdl farmers,
especidly in countries where these famers have little political power and ae poorly
represented.

- Indifference to other essential improvement factors. Since biotechnology
provides an extraordinary tool for underganding the intimate workings of living maiter and
much hope has been placed in it, it could eat up a mgor part of investments and resources.
This could result in the neglect of other essentid factors involved in food security such as
the use of other types of knowledge or techniques and particularly those deding with the
operation of locad socid and agro-systems, integrated production techniques, etc. The
crucid role of other essentid development factors such as security, the absence of war, the
presence of infrastructures for research, training, information, transportation, etc., should
not be underestimated nor should the importance of socid, cultura and economic factors
(Griffon, Weber 1996).

Would it, therefore, really be possble for the most deprived populations to
take advantage from the potential contributions of genetic engineering even though
they arethe oneswho need them the most?

Conclusion

Biotechnology or, more exactly, genetic engineering, is presently at the center of a
controversy. It is presented by some as being indispensable to feed humankind in the 21t
century while preserving the environment and resources and, therefore, is considered to be
an essentid factor for sudtainable development.  This is often used as a decisve argument
to legitimize it in the face of sugpicions. On the other hand, its opponents point out the
different risks and don't trust it. They go as far as chdlenging it or demanding a
moratorium until more is known about its effects. This aticle atempts to examine the
contributions of biotechnology to the different aspects of sustainable agriculture.

As areault of the present state of its advancement, available knowledge and data, it
is not possible of course to give a definitive point of view. We have atempted to lay out
the anticipated benefits and the possble risks in reation to sustainable agriculture.  This
leads to give an outline of further more detailed studies needed. It is indisputable that
biotechnology offers congderable potentia, foremost as a tool to understanding the
functioning of living métter, greatly increesng the possbilities of intervention and, thus,
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opening up important gpplication prospects (Bonny 1998a, 1998b). It can dso provide
interesting technica solutions to problems that are difficult to solve without it. But it can
involve certain risks, including indirect ones, aswell.

The potentid of biotechnology seems substantid but it is double-edged as well.
Everything depends on how it is used and, especidly, on the objectives st for biotech
nology and for its gpplications, and the way in which they are and will be used and
regulated. So this is not a case of technologicd determinism but, on the contrary, the
possihility for those involved to play an important role, even if the magtery of man over
nature is far from being complete and if some of those involved carry more weight than
others. On one hand, scientific and technicd uncertainties exis.  Since it is in its beginning
stages, biotechnology requires a great ded of research and could give rise to unexpected
developments and consequences. On the other hand, the trends and the type of agpplications
developed depend, in large part, on the srategies of those involved and particularly on the
indudtrid firms that occupy an important pogition in relation to research into thisfied.

Some of the mgor risks are indirect, for example, that of over-privileging this trend.
Since the contribution of molecular biology to the knowledge of how living meatter func-
tions is consderable, this type of gpproach tends to become highly dominant in agricultura
research, particularly hecause so much is expected of it. It therefore runs the risk of esting
up a large pat of the resources and invesments, diverting them from other approaches
which are necessary aswdll.

There is dso the risk of making people believe that the solution 1o food problems is
amply technical and that it is only necessary to produce more and increase yidds. As of
now, given the technica context and the knowledge acquired in the 1990s it seems
technically posshble to feed the eight billion people expected for 2025 (Bender, Smith
1997; Bonny 1997). The food problem, a least for now, is not the lack of world-wide
agricultural production, but mainly loca shortages and insufficient income to buy avalable
products. Food insecurity is generdly the result o wars, of the unequa didtribution of land
and wedth and of the disorganization of certan economic and inditutiona Structures.
However, certain basic problems should not be overlooked by avoiding them just because a
technology is considered or presented as being miraculous and working wonders.

So perhaps the concern about different forms of technicad progress that we find in
developed countries indirectly expresses the fear of certain excesses resulting from rampant
liberdism. If certain people greatly benefit from it, wouldn't it be possible that the Stuation
of others will worsen? Moreover, food is an area that is highly charged with symbols in
evay culture. The idea that "we are what we eat” is an important principle in the relation
to food, explaining the mistrust of certain foods when they become the object of concern or
anxiety (Giachetti 1996).

Genetic engineering represents high economic and financid issues in agriculture
and even more 0 because of the highly competitive economic dimate today: competition
among firms that have invested in this sector, compstition between agro-exporting
countries on international markets, competition within each country between agricultura



producers and, finaly, competition of end consumer product markets between downstream
agro-food firms as well as between mgor distributors to increase their share of the market.
This gtuation of extremdy diff competition drongly influences trends in biotechnology
and genetic engineering and, as a result, its mtentid impact. This can actudly become a
risk factor by leading to a course of action without careful condderation, even if these
firms, which ae paticulaly caeful about their public image, take the necessary
precautions to enhance it or at least to avoid damageto it.

At this time, the mgority of invesments in the area of transgenic plants come from
private firms. These companies will probably favor developments concerning financidly
solvent demands as a result of the need for return on investment. Thus, one of the mgor
risks of biotech is that it is not sufficiently suited to the demands of those who need it the
most. Generally spesking, it would be preferable to use technology so that it would reduce
the excluson of certain populaions ingead of making ther Stuaion worse. It actudly
often increases the gap between those who possess it or have access to it and those who
dont. Wouldnt the red chalenge and advantage of biotechnology in agriculture be not
only that it doexn't involve any particular environmental risks, but, above dl, that is better
oriented towards the needs of the poorest and most undernourished populations, and
particularly that it leads to an increase in production first where it is the most needed?
If biotechnology could lead to an improvement of the nutrition level of everyone in the
XXlgt century while preserving natural resources, this would be an essentia contribution to
a modd for sustainable devdopment. But will this ever go beyond the stage of wishful
thinking and is the mobilization necessary to achieve this god in action? This brings us
back to the debate surrounding objectives and guiddines set for research and its gpplica
tions, and aso reminds us of a danger of certain trends that are often extolled today: the
increasing privatization of research and its growing submission to the solvent demand.

Thus the potentid of biotechnology to contribute to sustainable agriculture seems
ggnificant if its risks can be managed. But this will depend on the objectives set for its
applications and on the regulations for biotech product authorization and marketing.
How can this done so that it is not uniquely a function of the economic war tha is often
prevaent today?

Endnote

Sylvie Bonny is a researcher a INRA (French Nationd Ingtitute of Agricultural
Research), in the department of Agriculturd Economics and Rurd Sociology a Grignon
(located a the West of Parisand Versailles) in France.

References
Anderson, J R., P. G. Pardey, and J. Roseboom. 1994. Sudtaining growth in agriculture;

a quanttitative review of agriculturd research invetments.  Agricultural Eco-
nomics (10): 107-123.

451



Bender, W. and M. Smith. 1997. Population, Food and Nutrition. Population Bulletin
(51), 4, Feb 1997, 48 p.

Biofutur. 1998. Dosser: l'avenir radieux des armes biologiques. Biofutur (178), mai
1998: 13-26.

Bonny, S. 1994. Possihilities for a model of sustainable development in agriculture: the
French example. Communication a the Internationa Symposum "Models of
sustainable development”. Paris, March 1994, 16-18. Universté Panthéon
Sorbonne C3E, AFCET. Proceedings. 427-438.

Bonny, S. 1997. Les nouveles technologies sont-dles une menace pour |'environnement
ou le moyen de nourrir I'numanité au 2le secle? Ingénieries Eau-Agriculture-
Territoires, specid issue "Praspective pour I'environnement”: 51-70.

Bonny, S. 1998a. L'emploi dOGM en agriculture  que intéré et queles limites au
niveau économique? Le Courrier de I'Environnement de I'INRA (34), 1998: 75-
86.

Bonny, S. 1998b. Les biotechnologies, source de sécurité aimentaire pour deman?
Cahiers Agriculture, nov-déc. 1998, specid issue "Biotechnologies, amédioration
des plantes, risques et sratégies dimentaires': 440-446.

Bonny, S. 1998c. Les nouvelles demandes adressées a I'agriculture: consensus et
divergences, datut et recevabilité. Oléagineux, Corps gras, Lipides, (5)6: 451-
459.

Bonny, S. 1998d. Biotechnology and the new information technologies in agriculture
developments, prospects, impact and issues. MEDIT Mediterranean Perspectives
and Proposals. Journal of Economics, Agriculture and Environment. 1/98: 3-13.

Chevre, A. M. et d. 1997. Gene flow from transgenic crops. Nature (389), 30 October
1997: 924.

CNRS. 1997. Les plantes transgéniques. Enjeux et risques. Bio La Lettre des Sciences
delaViedu CNRS. (70), 44 p.

Cochrane, W. 1958. Farm Prices. Myth and Reality. Minnesota, Universty of Minne-
sota Press.

Dechambre, B. 1994. La répatition des gains de productivité dans la filiere agro-
dimentare. Economie Rurale (220-221), mars-juin 1994: 40-45.

Eurobarometre.  1997. Les Européens et |a biotechnologie moderne. Eurobarométre
46.1. Luxembourg, Office des Publications Officidles des Communautés
Européennes. Commission Européenne, DG XII, 89 p. + ann.

Gdhadi, R. 1996. Trade implications of biotechnology in developing countries a
quantitetive assessment. Technology in Society (18), 1: 17-40.

Giachetti, 1., (ed.). 1996. Identités des mangeurs, images des aliments. Paris, éditions
Polytechnica, 215 p.

Gianess, L. 1999. The Impact of Biotechnology on U.S Crop Protection. Washington,
DC, NCFAP (Nationa Center for Food and Agricultural Policy).

Griffon, M. and J. Weber. 1996. La “ Révolution doublement verte”: économie et
inditutions. Cahiers Agricultures (5): 239-242.

Ho, M. W. et a. 1997. Geénie génétique. Des chercheurs citoyens sexpriment. Paris,
Editions Sang de laterre, 162 p.

INRA. 1998. Les Organismes Génétiqguement Modifiés a I'INRA. Environnement,
agriculture et alimentation. INRA, Paris, mai 1998, 150 p.

452



INSEE. 1998. Lesrevenusdactivité non sdariés. INSEE Synthese, janvier 1998.

James, C. 1998. Globd review of commercidized transgenic crops. 1998. [ISAAA
Briefs, No. 8. Ithaca, New York, ISAAA (International Service for the
Acquistion of Agri-Biotech Applications).

James, C. and A. F. Kratiger. 1996. Globd review of the fidd testing and
commercidization of tranggenic plants, 1986 to 1995: the first decade of crop
biotechnology. 1SAAA Briefs, No. 1, ISAAA, Ithaca, New York, 31 p.

Kahn, A., (ed). 1996. Les plantes transgéniques en agriculture. Dix ans d'expérience
de la Commission du Génie Biomoléculaire. Paris, John Libbey Eurotext, 165 p.

Le Corroller, P. 1998. OGM: le consommateur n'a pas tranché. Libre Service
Actualités (1602), 15/10/98: 82-85

Lesinger, K. M. 1995, Sociopolitical effects of new biotechnologies in developing
countries. Washington, IFPRI, Food, Agriculture & the Environment Discussion
Paper, 14 p.

Mecilwain, C. 1998. When rhetoric hits redlity in debate on bioprospecting. Nature
(392), 9/04/1998: 535-540.

Mikkdsen, T. R, T. P. Hauser, and R. Bagger-Jorgensen. 1997. Les genes prennent la
clé des champs. La Recherche (295), février 1997: 37-39.

OECD. 1996. Specid issue on hiotechnology - Science Technology Industry Review
(29).

OCL. 1997. Dosser: génie génétique et oléagineux. Oléagineux, Corps gras, Lipides
(42, 1997: 100-134.

Oerke, E. C. and H. W. Dehne. 1997. Globa crop production and the efficacy of crop
protection - current dtuation and future trends. European Journal of Plant
Pathology (103): 203-215.

Oerke, E. C., H. W. Dehne., F. Schonbeck, and A. Weber. 1994. Crop production and
crop protection - Estimated losses in major food and cash crops. Elsavier
Science, Amsterdam, 789 p.

Peoletti, M. and D. Pmentd. 1996. Genetic Engineering in Agriculture and the
Environnment. BioScience 46 (9), Oct. 1996: 665-673.

Pardey, P. G. and J. Alston. 1995. Rewamping agricultura R&D. 2020 Brief (IFPRI)
(24), juin 1995.

Sauvain, M. 1997. L'accésalabiodiversité. Biofutur (168), juin 1997: 21-24.

Snow, A. A. and P. Moran Pdma.  1997. Commercidization of transgenic plants
potential ecologica risks. BioScience (47)2: 68-96.

WCED (World Commisson on Environment and Development). 1987. Our Common
Future. Oxford Univerdty Press.



