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INTRODUCTION

Hhat would eventually become known as the "“Green Revolution* began
in the 1960s vlth>the release from the Centro Internacional del Mejor-
amiento de Maiz y Trigo (CIMMYT) of improved wheat varieties and from the
International Rice Research Institute (IRRI) of improved rice varieties.
The course of the Green Revolution--both its accomplishments and contro-
versies--{s now fairly well known (Dahlberg; Griffing llayami and Ruttan;
IRRI; Johnston and Kilby; Pearse; Pineiro and Trigoy; Wortman and
Cumnings;). While the Green Revolution controversy appeara to us to have
subsided {n its polarization and intensity, most economists and other
social scientists probably still tend to see the future of international
agricultural research and low-{ncome-country agricultural development in
terms of the basic theoretical (and often ideological) parameters that were
set forth over a decade ago In the Green Revolution debate.

Many of the issues raised and premises advanced in the Green Revolu-
tion debate are still relevant to the future of international agricultural
research. But we would argue that several emerging agricultural technol-
ogies, most notably biotechnology, are substantially deflecting the policy
issues that were assoctated with Green-Revolution-era agricultural research
strategies. In this paper we will focus on what we feel are some of the
more important policy lssues for the future course of international agri-
cultural research and agrlculturalidevelopment strategy. We begin by
making some observations about the legacy of the Green Revolutlon era and
the fwplications of that legacy for the future. Next we discuss some of
the major developments, mainly in the 19708, that have decisively changed
the milieu of international agricultural research. We then describe some
likely blotechnology applications in Third World agriculture and their

possible socioeconomic impacts., Finally, we discuss the implications focr

the international agricultural research system.
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‘T LKGACY OF THR GREKN REVOLUTION KRA FOR ‘PHIS PUTUIKG
OF AGRICULTURAL RESKARCH AND DRVELOPHENY
Un one aspect of the Green Revolution expeclence there is little
debatesr  The Green Revolutlon was spatlally uneven {u fta applicability and
diftfuslon. Up t(; the present time the vast bulk .of acreaye devoted to
tmproved vacletion has heen accounted for by two crops; rice and wheat,
Morceover, only a traction aof the developing world's cercal grain acreage
hays been glven over to modern varleties; this has oceurted mainly in the
more favorable agroecologlical zones and where the Intrasteucture, such as
‘ .

frcigatton facilities or transportation, was sultable. Viewed at an agyre=
gat:u> level by continent, the Green Revolution has advanced the Carthest in
Asla, conulderably luss so In Latin America, and very little fa Afclca.
Neverthelesy, after 20 years of the Green Revolution uxperience, the penc-
tratlon of wodern varleties of food crops remains spatially uneven and
lwited [n scope. There have emerged slzeable groups of highly-commercial
wheat and clce producers,! but outside of these two crops (with a few
localized exceptions involving millet, malze, sorghum, and potatoes) the
Green Revolutfon has left much of developlny-country agclculiure and many

of fts agrloultural ists relatively untouched.

.

) One ot the mandates of the International Agricultucal Research Centers
(IARCB) waus to asalst in the establishment and strengthening of national
agrlcultural research programg  in the less developed countries (LICs) .
Like the penctration of modacn varleties, the improvement of national agri-
cultural research prograns has been highly uneven. Some national progransg
have technlcal capacltles vicrtually equivalent to those in the advanced
industelal countries. But other countrles--unfortunately, the majority of
ThCs-~have u.ntlonu.l Programs that are far too undeveloped to do more than a

modent level of  Wighly-routine cesearch, This  sltuation obviously

complicates the task of technology transfer from the TARCH to Lthe LICs,




v“
since a single form or medium of Information will only be aultable for nome
countries.

U.S. institutiona--in particular, lts phllanthropic foundations, land-
grant unlveraltlen and sclentlsts, and development agenclen--had an
enormoua Influernce on the IARCs at the tlme of thelr eatablinlment. In the
eatly years, the majority of IARC snenlor sclentlsts were Amecicans, and
Amer tcan technology and ideas about the development process wete strongly
dominant. There {a a substantial restdual Amerlcan influence on the IARCs,
egpecially in tevms of Eunding, but this influence has declined In relative
terms as more countcies and organizationa have come to share the responal-
bility of funding the IARCs. Unfortunately, however, as U.S.-IARC tien are
no longer as predominant as they once wete, land-grant unlverslties now
lack the coheslveneas of a misslon ocrlentation In terms of the ways In

which they can contrlbute to {nternational agrlcultural rcenearch. With

most land-grant unlvernitles reluctant to make long-term flnancial commit-

ments to  International agricultural renearch and to state speciflcally
their Internatlonal agelcultural research pciorities, land-grant reaearch
€or LDC needs has become more fragmented., Thls, as we will argue below,
may present nome crucial problems in the trannfer of the new blotech-
nologles to LDC contexta.

The IARCs were eatablished with a mandate to do research on fool crops
(cather than agrolndustrial-export crops or Llivestock [wlth the exception
of ILCA and ILRAD in Africa and the pasture Improvement program at CIAT In
Colombial). The logic behind this strategy was an attractive oney concen=
trating limlted research resources on Improvement of food «ccopn would
enable peasants to not only produce more food for their own consumprbion,
but also enable them to produce a marketable surplus £or growlng wiban
populations. What. ultimately led to much controversy about the Gieen

Revolution wan that the almultaneoun accompllalment: of bath goala-={mproved

nutcition Erom self-provisioning and production of marketable surpluses--
often did not occur. Although there were significant variations by crop
and by countcry, the typical adoption pattern was that larger, more com-
merclally-ocriented farmers were the first to adopt the Improved varieties
(even in areas where adoption was rapid and became essentially universal).
In some LDCs (e.g., rice production in Colombia) the use of modern vari-
eties would remain largely confined to large farmers. As noted earlier,
criticism of the IARCs erupted shocrtly after the nature of these early
adoption patterns had been discovered. The IARCs over time responded to
this criticism, mainly by lncreasing their commitment to concentrate their
research efforts on the needs of peasant smallholders. This reorientation
is laudable, but it is also a challenging mission to live up to in the
agricultural development mi’lleu of the mid-1980s. Many of the agricultural
gsystems of the world, especially in Latin America, have become more sharply
polarized into large landowner/smallholder systenms, with large landowners
becoming more attentive to technological innovations and with smallholders
decreasingly able to make the necessary investments to be able to utilize
many new technologies.z The research strategles necessary to meet the
needs of peasant smallholders--in particular, production systems involving
the fewest possible purchased inputs--are more time-consuming than those of
the early "high-payoff" period in the IARCs and are less likely to result
in the spectacular improvements that historically stimulated continuirn
fntecest on the part of CGIAR donors.

INSTITUTIONAL ASPECTS OF THE EMERGENCE OF BIOTECIINOLOGY
IN INTERNATIONAL AGRICULTURAL RESEARCI

At the very time when the debates over the Green Revolution experience
were heating up thece were being set in motion a number of institutional
clianges that ace now substantially deflecting this debate. Several major

aspects of the new institutional environment for international agricultural




research can be ldentified. First and foremost, a number of factors have
combined to stimulate a tremendous amount of private Investment In
agricultural biotechnology in general, and in plant-related biotechnologies
in particular. 1In addition to crucial scientific breakthroughs such as the
discovery of recombinant DNA, these factors have included legal changes
(the Plant Variety Protection Act and the 1980 U.S. Supreme Court decision
in the Diamond v. Chakrabarty case), the acquisition during the 19708 of
seed company subsidiaries by large chemical and pharmaceutical companles,
and increased direct and indirect subsidies by developed-country
governments to high-technology {industries such as blotechnology. One
concomitant of increased private investment in the plant sclences has been
{ncreased competition, which has led to Increased interest in penetrating
LDC seed markets.

The Institutional {implications of private sector interest in devel-
oping LDC cereal graln seed markets can be {llustrated by beginning with an
elementary observation about agricultural biology. For the cereal grains,
a crucial 1input and the most important output are identical; both are
seeds. Thus there tends to be a natural barrier to commerclalization of
seeds as a purchased input: In the production process the farmer multi-
plies the basic lnput., Therefore, the first and most formidable competitor
of private seed firms is the farmer. Another unique aspect of agriculture
is the prevalence of public research institutions that historically have
placed major emphasis on developing new crop varietles. Thus, public
fnstitutions may be another competitor for private seed companles.
Finally, as is the case for companies in most other industries, Individual
seed companles face competition from other firms.

It was not until the early 1980s that the solutions to the barriers to

private sector penetration of LDC seed markets began to emecge. First,

technlcal advances {in hybrldizing rlce and wheat have created the possi-
bility of replicating the hybrid corn sguccess story In the developed
countrlen, since with hybrids farmers must repeatedly enter the market to
purchase the higher-yielding hybrids. Second, the new legal milien of
plant vaclety protection and the ability to patent genetic information and
genetlically-mod{fled ocganismsg Increased the likellhood that sced companies
would he able to protect plant breeding {inventions from competitors.
Thicd, however, Ll!e IARCs and the LDC's natlonal agricultural reseacch
programn vepresent a signiflcant barrler to private market expansion.

Bach of these anpects of developing Third World seed markets has vast

. potential implications for the IARCs and the national programs, Hybridi-

zatlon represents a conundrum that the IARCs had largely sidestepped until
recently, The modern varletles that propelled the Green Revolution were
reproductively stable nonhybrids, How, however, wheat and rclece hybrids
hold out the promlise of repeating the high-paynff experience of the early
wodern varletles. But IE the next Green Revolution is based on these more
expenglve hybeld seelds, It would be more soclally and spatially uneven than

{ts predecessor. Whether and how much to pursue clce and wheat improvement

“throngh hyhridization thus will represent a plvotal policy declsion for the

IARCSs and natlonal pl:ograms.3
Proprletary protectlon of plant breedlng {nnovations represents
another conundrum for research. Proprietary conslderations were relatively

unimportant in the Green Revolution experience. HNow, however, the TARCs

and natlonal programs will need to operate In a millen in which much of the

tencarch relevant to LDC agrlculture ls done In private companies in the
advanced Industrlal wocletles and In which Intellectwal propecty restric-

tionan on new rescarch technlques and genetic matecial will be cmployed.

Whether the IARCs and national programs will experlence problems in
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obtatning the information and genetic materlal they need (orv whether they
will need to pay subatantlal royalties to obtaln thla information) rvemalnn
to be geen (Barton). Alro, the IARCa and natlonal programa may well find
themaelves In an unprecedented and ‘unconfortable snltuation of belng viewed
hy large wultinational agricultucal donput Elcma an competitors. t is
generally tecognlzed that ovet the long term, the maost attractive potentlal
seed markets iIn the LDCs are in rice and wheat-~precisely the crops to
which the [ARCo have devoted the greatent elfforts over tiwe (Barton,
Buttel, 1984; Buttel et al., 1985a, 19605b) Kenney aml  Buttel)
Kloppenburq). “The experlence in the developed countcles haa been for the
private sector to nse political Influence on public agricultural reaearch
tnatitutiona to urge them to withdraw from vacletal release In crops that
are prlvately profltable to breed (Kloppenburgs Busch et al.). The
extengion of this strategy to the CGIAR network would be a CfCormidable
challenge to an Instltution that heretofore han jealounly guarded its
autonomy,

Sevaral other factors associated with the new hiotechnologles are

creating new posalbllities and challenges for LI agrliculture. Flraot,

biotechnologles are a diverse collection of techniquens which have applica-
tions far beyond the plant sclences. Biotechnoloyien may be applled to
agricultural lmproveément, but they may algo be applied to dlsplacement of
ayricultural sources of secondary metabolites (e.g., pyrethrum) or of food
itself (e.9., fudustelally-produced slngle-cell protein, which may
substitute for soybeans €or animal Efeed;g Buttel et al., 1905h). Alno,
biotechnologles ace generally most readlly applicable to
vegetatively-propagated cultivars such as potatoes or cassava and are,
somewhat paradoxlcally, more difficult to apply to the cereal gralng,
Further, biotechnology Is more advanced in llvestock applications (in the

form of new vaccinea, growth hormones, and reproduct lve technologlas) than

in crop applications. Second, the emergence of biotechnology promises to
exacerbate the already-large disparities in LDC reseacch capacity. The
more  technically-advanced LDCs have Dbegun to es\;ahlis!;. national
biotechnology programs at the same time that other LDCs lack the capacity
to do the most routine plant breeding (Kenny and Buttel). In sum,
blotechnology represents both opportunity and challenge for international
agricultural research and development. It vastly expands the rcange of
cholces In research and broadens the policy issues to be addressed, and the
question of research priorities and strategies thus becomes increasingly
plvotal and complex.

THUE SOCIORCONOHIC IMPACTS OF BIOTECHNOLOGY:
SOME SCENARIOS

In discussing various forms of agricultural improvements through bio-
technology, we will consider four broad commodity groups separately: live-
stock, lndustrial or plantation crops, cereal grains and legumes, and roots
and tubers. For each we will provide some examples of the kinds of problems
that the IARCs and LDCs will have to contend with in establishing policy
guidelines and research priorities.

First, as noted earlier, blotechnology is considerably more advanced
in livestock than in crop appllications. Livestock applications are being
made In the form of reproductive technologies, growth hormones, and new
vaccines (Kalter et al.,, 1984). The initial impact of livestock applica-
tionas on the LDCs is likely to be felt through new vaccines. For example,
vaccines developed at ILRAD in Kenya and at other research centers could
lead to major Improvement in animal and human health in Africa. We must,
however, ask: Will this simply lead to more pressure on existing food and
feed supplles, or will it be posible to bring new lands into cultivation
with the eradlication of major diseases? As yet no one s studying this

perplexing questlion, although the Rockefeller Foundation plans to cooperate
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with ILRAD to support social science research on this issue.

The second category of commodities includes industrial and plantation
crops which in many LDCs represent Important exports. Thls ls an area
where the private sector will have a major impact and where the payoffs for
research by private sector multinationals are likely to be very large. For
many of these crops significant yleld increases can be achleved with tissue
culture techniques which are already perfected. Consider the case of palm
oil in Malaysia. Palm oll captured 13.6 percent of the world market for
edible olls and fats last year. Malaysian exports accounted for four-fifths

of the internatfonal market. Unilever has cooperated with the Malaysian

palm oil {industry to produce a high-yielding palm oil using tissue

culture. In a few years the impact of this new technology will he widely
felt in the world market., Meanwhile, the Technical Advisory Committee of
CGIAR has jdentified coconuts as one of the high prlority crops not cur-
tently recelving research support from the system. Coconut and palm oll,
however, are direct substitutes. It would seem that the CGIAR, if it were
to support research on coconuts, may already be too late.

Cereal grains and grain legumes present more challenging technical
problems to researchers. Easily applied wide-crosaing with related apecies
and tissue culturte techniques offer limited opportunity for {ncreasing
ylelds. It will be at least another decade before enough ls known about
gene linkages, restoration of plants from a single cell, and gene transfer
and regulation to allow recombinant DNA techniques to be applied. Among the
three major cereal gralns we are most advanced in corn and least advanced
in rice.

As noted earlier, hybridization offers the potential for the private

sector to capture a share of the profits from varietal improvement. Thls

could lead to competition between the public and private sector for scarce

resoncces which would 1limlt the beneficlaries to the more well-to-do
farmers who can afford the need, The current sltuation with respect to the
hybefd soed corn  Industcy In the Philippines 1)lustrates the kind of
problems that could develop. Four private Eirma (two from the U.S. and one
e¢ach  from Auntralia and the Philippines) are currently selling hybeid
cotn.  Thene vompanlen have bhired Filipino sclentints to adapt the new
hybrlds to local conditiona. The beat talent has left the university and
publle sector to joln the private companies. llowever, the potential market
for hybcid veed In the Philippines is very limited. The private sector
would, at best, serve only a small fraction of Fllipino corn producers.
For the average farmur the U,8,$45 per hectare cost for hybrids established
by tha noeed Elrms {n prohiblitive. At the same time, the public sector with
Cewer tralned aclentistn now Eaces Lhe problem of attempling, on the one
hand, to develop hybrids that can be sold to farmera at lower cost and, on
the other, to lmprove open-pollinated vacrleties. But the real constraint
that the pablic sector faces ia the Inability to multiply and distribute
lmproved seedn to smallholders throughout the country. Thuu, there is a
clear need for the public and private sectors to work together to create a
viabla syutem which would glve smallholders access to scedu,

‘The future of hybrid seced companies In the developing world is as yet
very uncertaln., [t ls too early to tell whether hybrid rice or wheat will
make a signi€icant lmpact In the developed let alone the developing world.
There are many technical problems to be solved In both rice and wheat
before hybefds become a viable alternative. But In the long run the
degree to which hybrlds succeed or fall may depend on the relative balance
of rescarch between the public and the private sector. A contlnued strony
program of varietal improvement {in nonhybrids in the TARCs will make It

ditflcult for the private sector to penetrate LDC seed markets.




The Cinal c¢omuodity group that we have linted above in root cropn. As
in the case of commerical export crops, it {n already poasible Lo make con-
alderable progrens (n varletal improvement in root crops using tlanue
culture.  Since the bulk of root cropa is produced and conaumed by amall-
holders, private nector interests are not likely to be {mportant in the
future development of most of these crops. There could be {mportant
axceptionsn, however. For example, under speclfle market conditions cannava
has the potenttal for being an important commercial crop {n liventock feed,
manufacture of flom, and manufacture of alcohol.

IMPLICATIONS FOR THR INTERNATIONAL AGRICULTURAL. RRSRARCH SYSTRM

Biotechnology represents both opportunity and challenge for interna-
tional agricultural research and development. 1Lt vantly expanda the range
of choices In reacarch and broadens the pollecy issues to be addressed. At
the same time such research can be contly and demanding In terma of trained

manpower. The guestion of research priorities and atrategies thus becomes

Increasingly plvotal and conplex.

At the natlonal level, countriea will have to analyze carefully their
comparat.ive advantage In agriculture and determine ln which apecific arcas
biotechnology applications will have a algnificant fmpact. Thelr main
challenge will be to obtaln the necessary lnformation about hiotechnology
developments and potentials as the baols for establishing natlonal renearch
priorities and tdentlfylng needs for trained manpower.

The role of the IARCs is llkely to be plvotal in creating hiotech-
nology appllcatlons and training sclentistas from national programs. The
IARCHS must ask much the same questionn as the national programs. MNctalla
han posed these lssuen as follows: Flrat, given that the CGIAR {s dedi-

cated Lo inproving the food Lncome capaclity of lower=1income IDCy, e itical
[} Y

needs  aof  these countries as  seen hy  them=-not  developed  country

sclentista--should be articulated. Second, where does international
research as fostered by the CGIAR have a comparative advantage? In short,
what rescarch activities should be given priority by the IARCs because they
are important to do? Which activities should be pursued because they are
unlikely to be done by the national programs? Which should be given prior-
ity because they are unlikely to be done by either the public or private
sector research in the developed world?

Assuming a decision by CGIAR to pursue expanded involvement in agri-
cultural biotechnology, the IARCs will have to decide how much of their
limited funds should be used to strengthen their capacity to do more stra-
tegic and perhaps basic research. Strengthening the linkages between the
IARCs and public research institutions in the developed world in focused
rescarch undertakings 1is essential. A recent Rockefeller Foundation
decision to support biotechnology research on rice and the decision of
USAID to provide support for joint university-IARC research are important
steps in the right direction.

In summary, the tremendous promise of biotechnology for LDC agricul-
ture is that new technologies can be developed which may be especially well
sulted to enhancing the productivity of marginal agroecosystems and of
their smallholder peasant cultivators. This, in turn, should make it
possible to broaden the base of agricultural and economic development.
Whether such a pronise materializes will depend on the capacity of both the
national proyrams and IARCs to develop appropriate research priorities and
atrategies. Also, close links will have to be forged between the IARCs and
research institutions in the developed world in order to promote basic
research which will address the needs and priorities of the developing

countries.




This change can be attributed only in part to the diffusion of modern
varieties, since commercial agriculture in the developing world pre-
ceded the Green Revolution and commercialization has proceeded in
non-Green Revolution commodities.

This increased polarization in Latin American agriculture and elsec-~
where 1In the developing world, however, 1a generally not directly
attributable to the diffusion of modern varieties,

Over the past five years IRRI has developed a hybrid suited to trop-
ical conditions which gives 15 to 20 percent higher yleld. But the
process of developing hybrids is still laborious and time consuming,
requiring five backcrosses to develop a suitable male-sterile parent.
Research on hybrid rlce, however, curcrently represents a very small
part of IRRI's total breeding effort,
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