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Opening Address
S.S. Husain

Consultative Group on International Agricultural Research,

Washington, DC, USA

I am delighted to be here at this 20ih
anniversary celebration for CIMMYT, and
as { saiu yesterday congratulations are in
order for all of the participants in this
very successful research effort. | also
want to acknowledge the support and
cooperation of the Mexican government
in facifitating CIMMYT's work and
hosting its headquarters in Mexico. Three
of the international centers are located in
Latin America and their work is important
both regionally and globally. The support
given by their host countries, Peru,
Colombia, and Mexico, has been very
important in furthering the work of these
centers.

The accomplishments of CIMMYT during
these 20 years, and even betore its
formal acceptance into the Consultative
Group on International Agricultural
Research (CGIAR) system, have been
monumental in contributing to the self-
sufficiency in wheat as well as increased
maize production in a number of
countries. It is not, however, our intent
to dvsell on these accomplishments or to
be satisfied with these achievements
because there remains 1uch to be done
1o address the world’s food problems.
This symposium provides an excellent
forum to exchange ideas and plans for
future development of maize and wheat,
two crops that feed so many people now
and which are projected to be in even
greater demand in the future.

CIMMYT and the entire CGIAR system
have been assessing our programs and
defining future challenges. To this end, |
wart to talk briefly about the stiengths
within the system that will be needed to
meel thes challenges.

The system was founded with two
principal features: independence in
pursuit of scientific endeavors and an
international commitment. The centers
were perceived as institutions that could
operate efficiently, without political

interference, in the highly turbulent
atmosphere of emerging nations. Unlike
national research institutions, the centers
could keep on with research even when
the nations were preoccupied with more
immediate concerns. The centers from
the beginning were viewed as '‘centers
of excellence.'” It is this commitment to
scientific excellence that has led the way
in achieving higher and more stable
yields. And it must be scientific
excellence that will maintain these yields
and even increase them through
improved crop varieties and a more
favorable production environment.

The accomplishments of CIMMYT during
these 20 years have been monumental
in contributing to self-sufficiency in
wheat and increased maize production.

Good scientific research can and does
make a difference to farmers and to
consumers. Producing new technology is
a major task of research, and farmers
depend on a constant supply of new
technology to sustain and improve their
production techniques and—it is
hoped-—family income. But it is not just
the farmer who benefits from good
research. The consumer benefits through
assured supplies of reasonably priced,
more nutritious food.

Because conditions vary from country to
country, each nation needs its own
research capacity to recogrize and solve
its own food needs. One of the strengths
of the CGIAR system has been the ability
of the individual centers to work with
and supplement these national research
programs. However, we must continue
lo explore new and better ways to work
collaboratively with both the
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well-established national prog-ams and
with countries that do not yet have
strong national programs.

Helping developing countnies with then
research needs s a daunting task
because therr needs are moving targets
Food production and supply problems are
changing, government policies are
shifing, and long-term commitments to
research are often hard to come by 1t
i osuch an envitonment that the centers
must work. In this situation continuity
center research can be the ingredient
that keeps the national programs’
research mowvina foward. To this end it
s imperative inat funding for the centers
be continuous and lang term. Studies in
industnial countries mdicate that the full
impact of successtul research usually
requies 8 1o 10 years following its
inttiation, and for hvestock research
innovations, 13 to 15 years are
necessary to benetit ivestock owners
and consumers,

Helpinyg developing counines with the
research nee
because their needs e MmOoving (argets

S s O chauntineg sk

What do we see in the future? Continued
and rapid increases in population will
demand greater increases in food
production. Over the next 20 years
developing country populations will
almost double from 3300 to 6450
million. One of the most distressing facts
about this growth 1s that it will be faster
in those areas where land resourcoes are
least adequate to meet tood needs.
Consequently, solutions for adequate
lood supphes he not only with increased
production but also with improved
incomes and better nfrastructures for
food distribution. And, because land
holdings for the fowest income people
are alsn projected to deciease, it will
become even more important to look at
new ways to increase the productivity of
small landholders.

The CGIAR recently adopted a goal
siatement that reflects these concerns.
We consider that mternational
aguicultural research and related activities
must contribute to increasing sustamable
food producton in developmg countries
i such a way that the nutnihonal fevel
and general economic well-bemg of low-
mcome people are improved. Tins means
research and 1s retated activities, not
development or technical assistarn o
actvities; food and feed, not industrial
commodities; technologies for iong-term
sustamable production, not technologies
that sacofice ceologicai statnhty for
Sort-term gams an productivity, and
mnproved natition and economice weli-
being of low-income people, not solely
through increased food production, but
also through mproved food quality,
greatan equity m odistnbue on, more stable
iood supplivs, and ncreased purchasing
power

The shift in the CGIAR's goal toward the
concept of sustamabie agriculture 1s
significant. Sustainability means a greater
emphasis on the land resource base. It
means choosing cropping vatterns that
do not cause dechnes in the productive
capacity of the resource hase, such as
Crop rotations, intercropping, appropriate
use of leguminous crops and trees, and
development of effective crop and
Iivestock systems. And 1t means
preventing sou loss, salinty buildup, and
depletion of water supphes. Achieving
sustamabiity will requine a
comprehensive program of diverse but
mterdependent research activities. The
challenge s to combine the comparative
advantages of the centers in ways that
will achieve this goal

How can we meet this challenge? Some
thoughts by Lloyd Evans i a
commentary for the 1985 CGIAR Annual
Report have helped my own thinking
here. Lioyd points out that the
international conters have had a
protound effect o1 how research s
done. For example, the concentration of
efforts of outstanding scientists frorm
many disciplines on a single commaodity
or problem has been very important.



Also, assembling comprehensive
germplasm collections in one place,
making many crosses bewween them,
and then assessing their performance in
many areas have been major activities
for international centers. And the
concept of broad adaptabihity of
germplasm also it into the international
center contet.

As 1 understand broad adaptabiity, plant
matenals developed moone place are
capable of performing quite well in other
parts ot the world. For example, we saw
success with Mexican wheats in Pakistan
and Indiy during the 1960s. In those
carly days, broad adaptabiity was
attamed rather quickly because yinld
gains were accomphshed through factors
such as shorter stature and more
effective fertilizer use on the better lands
since those early gains, the throst now
seems Lo be toward tailonng new
vanelies 1o speciiic environments,
this new thrust mean that wide
adaptability s reached its limits i
certam circumstances, or that
agrochraatic limits have been teached in
usingG e waide adaptability stategy?

Doos

One guestion | have 1s how well wide
adaptability has worked in Afnica. Can
the poor performance in Afnca of many
matenial doveioped elsewhere be
Mtnbuteo to wide adaptabilty being less
successful there? It may be only a matter
of degree, but we do xnow that
cnvironents i Afnca are diverse, and
pest and disease problems are exlensive.
Perhaps in such crcumstances more
breeding programs serving local needs
are required  1Uwould seemn to mie that
the: question of how well wide
adaptability has worked i Africa 1s an
Hnportant steategic matter deserving
close scrutiny by international experts. |
will teturn to this later

The crop-related centers must continue
o expand gene banks ard utilize the
wealth ol genetic resources comtained in
them. For some centers, exploiting the
germplasm pool will be their rmajor
activity in the tuture. These activities call
for scientists who can recognize

problems of international importance and
who can move upstream in the research
process. National program capabilities
ate improving, and as national programs
conduct more and mote of the adaptive
and applied research 1o fit more location-
spacific necds, e mternational centers
will be able to move upstieam in
tesearch

AL CIMMYT this move 1o upstream
research has already begun, and we are
dehghted to see the much stronger role
you are playing m genetic resources
activities. We pariticularly commend you
for increased gene bank efforts in both
wheat and maize. your sustained wide
C1oss programs, and your increasing
criphasis on bolechinoiogy research in
both wheat and maize.

Systematic study of world germplasm
collections has revealed an array of
soutces of resistance to many pests and
diseases. Also, the potential for using
wild relatives has significantly increased.
The Internationa! Board for Plant Genelic
Resources {IBPGR) and the crop-related
centers have made the collection and
characterization of wild refatives a high
priority - Therefore, it is more important
than ever for the free flow of germplasm
area worldwide basis to continue. And it
i mandatory that the germplasm that is
collected and stored be properly
evaluated and documented. No matter
how extensive collections may be, poorly
evaluated collections are not very useful
to breeders

CIMMYT s located at the center of origin
of maiea, and the greatest genelic
diversity of its wild relatives 1s hers, 100,
The use of new genetic information as
well as new techniques has made 1t
possible to make wide crosses between
crops and wild plants. This work should
continue, so robust genes from witd
plants can be used to improve our crops.
AL CIMMYT you have made wide crosses
in both wheat and maize with promising
results, although no new vaneties with
wild genes have yet been released. | look
forward to hearing today of some of the
advances that may be possible.



Most of the centers have established
effective plant breeding programs and
some are also conducting molecular and
cellular research. In the future the
interface between whole-plant research
and cellular and moleculyr research must
ncrease. To be effective, the
nternational centers will need to
strengthen therr work i patholegy,
physiology, and entomology to assure
nevs knowledge and scientific attention
for present and future world problems

I'want to commend CIMMY T on 1t
efforts to use its imternational nursery
mlarmation i more creative ways 1o
learn as much as possible from both
wheat and maie tals. | hope that you
will continue tis work and that other
centers will make a concerted elfort to
learn as much as possible from the
trermendous coterpase that is the
international netwerk of crop nursenes.

Nursery testing sites need o be
evaluated contnuall, o that tehable
comparisons cane be mode among the
numerous nursenes cooraling all over the
world  bvatusting new matenils mostly
by vield compansons cian no longer
suffice, careful eovitonmental and
physical charactenzation of each test site
can belp us to strearmime nursery
activities and mprove our ability o
compate and predict outcomes at
different sites, particularly m adapting
vaneties to marginal fands.

We should be aware: that some of the
land resources used for food crops wilt
be required not only to meet mcreased
food production demands but also to
contnbute to energy demands in
developing countnes. Projections ndicate
that the number of people without
adequate fuclwood will more than double
from 1395 rmulhon in 1980 to 2986
million by the end of the century. These
land demands could be competitive, o
they could be complemaentary 1if new
production systems such as alley
cropping or woody shrub production can
he encouraged

The international centers must also stand
ready to help in maintaining the vield
gains that have already been made. New
forms of diseases and insects are
constantly emerging that threaten to
damage crops and reduce yields, cause
food shortages, and shaiply reduce farm
ncome. To forestall such losses,
maintenance research s needed to
identfy potential new insects or
dhiseases, to identify sources of
resistance to these pests, and to assist
national programs in incorporating
resistance genes into ther own new crop
Ines. Such maintenance 1esearch
requires excellent science, continuous
effort, and assured funding

Today we will hear the most recent
thinking onewhether or not we have
reached, or may soon reach, a yield
plateau in wheat. Thus is a very
important guestion, not just tor wheat,
but also for other crops. I is imperative
to know what is the bwologicat potential
ol crops, and what- it any - possibility
there may be for changing that potential
through research. Certamnly we do know
that a good share of the yvield gains
made during the last two decades or so
have come by increasmg the proportion
of grain to sitaw. What now, if anything,
can be done to increase the total
biomass yield of crops? | look forward to
fed rning more about this today.

n conclusion, | would like to put forth
two ideas for consideration. First, 1sn’t it
time we really examined carelully, on a
worldhvide basis, our experience and
knowludge concernmg broad
adaptability? We know that broad
adaptabihty was very successiul in the
1960s and 1970s, but now many
countrnies are tallornng varieties more and
more to suit their conditions. Is this
mevitable and iogical? Why hasn’t broad
adaptabnity worked better in Africa?
What dous the evidence in Africa show?
The CGIAR centers have considerable
experience and information concerning
broad adaptability. Shouldn’t we convene
a workshop soon to analyze what we
know and don’t know ahout broad
adaptability and its limits?



Second, the CGIAR has had tremendous
experience in plant breeding in many
crops, but especially in cereals. lsn't it
time that we discussed and compared
our experiences and concepts on
breeding strategies for corcals with other
scientists? Such a meeting could be of
great importance, in that yvears of
international effort could be assessed
and integrated with future breeding
plans, particularly those that include
mcreased mvolvement of biotechnology.

In closing, | want again to stress the
importance of today’s symposium.
Wheat and maize together account for
40% of all worldwide cereal production.
The demand tor wheat is expected to
MCredase in approximate proportion to
population growtn, while maize is
predicted to provide an even greater
proportion of human and animal food.
The system’s support of agrcultural
research in these commodities is very
nportant.



Accomplishments in Maize and Wheat Productivity

N.E. Borlaug

International Maize and Wheat Improvement Center,

El Batan, Mexico

I have taken author's hcense to broaden
the scope of my assigned topie
Although productivity impacts are and
shourd coitimue (o be o the Major critenag
By which the worth of CIMMYT 15
measured, these, o turm, are the
conseyuences of other factors. Ot
particular significance have been the
development of now research
methodologies and the establishiment of
nternational tessores of maize and
wheat tesearchess chnvernents thit

areonstitutional baronks of the Center.

The Seeds {rom

which CIMMYT Grew

Ire traning the evolution of CIMMY T and
its contnbutions to improving the
productivity of maize and wheat, one
must begim with the Cooperative Mexican
Agricultural Program, which was
lunched m 1943 as a jont undentaking
between the Mexican Ministry of
Agnculture and the Rockefotler
Foundation (RF). Those of us who were
members of the research staff of the
Mexican Government Rockefeller
Foundancr Cooperativie Agncuitural
Prograr (Oifice: of Special Studies)
dunng the 1943-1960 penod are deeply
gratetul for support from many officials
and employees of the Government of
Mexico and from the Rockefeller
Foundation, which paved the way for the
astablishment of CIMMYT  Amocng those
who ment special acknowledgment foi
outstar.ding support and guidance are
Ing. Marte R Gomez, Ing. Alfonso
Gonvraler Gallirdo, President Adolfo
Lopes Mateos, and Ing. Juban Rodriguer
Adame of Mexico, and the “fowr
horsernen”™ of the Rockefeller
Foundation: Drs. £ C Stakman, Paul
Mangelsdorf, Richard Bradhield, and J G
Harrar. Duning this carly penod, the
interest and support of Don Rodolfo Elias
Catles was also decisive for the success
of the Wheat Program. He organized

Sonoran farmers and agribusinesses to
establish what is toduay CIANO (the
Northwest Agricultural Research Center
of INIFAP, the National Institute of
Forestry, Agriculture, and Livestock
Researchi, which has become a research
and tamng Mecea for wheat scientists
worldwide  Moreover, he was the
founding spimt behind the establishiment
of the Patronato para la Investigacion
Agricold, a umaue farmer-financed
organization that has been highly
effectve in support of agneultural
research

The Cooperative

Mcxican Agricultural Program
Contrary to the general public’s
percepton, the research objectives of the
Cooperative Mexican Agricultural
Program were much broader than the
develonpment of high-yiclding, disease-
resistant crop vaneties  Over its 17-year
Ife span, this program not only
developed improved ctop production,
technotogies, but also helped to build a
national research infrastructure to
support Mexico’s tforts to expand the
quantity, quality, and availability of food
for her people. Prionty was given to
oragmatic, mterchsciplinary research
aimed at overcoming pressing production
problems constraining productivity. The
products of this research were also
shared freely with the global scientific
comimunity

Dunng 1ts nearly two decades of
operation, this pionecring program had a
significant impact, helping the country to
reach seif sufficiency m maize anr’ wheat
production in the 1950s. The effect of
tnis rescarch on production was
e.chieved rapidly by pursuing a policy of
transferring the new production
technology from research plots to
farmers’ fields as soon as significant
improvements became available. In the
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early years, before there was an
extension service, the transfer was done
by the scientist. This had a thple
advantage: (1)1t achieved early umpact
on increasing production, (2) o made the
sclentist directly aware of the strengthe,
weaknesses, and nishs of the new
technology, and (3) 1t permitted the
scientist to rapidly shift research pnontios
e meet new production problems.

Franning local researchers was o major
activity from the start and perhaps one
of the program’s most significant
contributions. Over 700 Mexican
research workers recaived in-service
training and 200 individuals 1eceived
Rockefuller Foundation fellowships to
pursiie M. Scoand Ph.D degrees. The
educational and training aspects of the
program culminated mthe estabiishment
of the first postgracuate school for
agncultural sciences m Latin America.
This institution, now known as the
Colegio de Posgraduados, was
conceptualized and brought te fruition by
Dr E.C Stakman, with the help of many
others a4t Chapingo, in 1959

Continuing Produ: <ion

Impacts in Mexico

Since the 1460s, Mexico has continucd
1o make research impacts in maize and
wheat through ts national research
eliurts as well as through its research
partnership with CIMMY T Between
FO61-65 and 1982-84, Mexican wheat
production mcreased at an average rate
of 5.1% por annum and maize
production at a 3.0% annual rate.
Today, Mexico ranks fifth in maize
production and 15th i wheat production
i the world. In maize, national yields
have imcreased al a tate of 3.1% per
annurn since 1970-72, although the total
area devoted to marze cultivation has
declined slightly. Giowing deficits in
national maize production have been
caused by rapid growth m population
combined with the very strong demand
for this cereat gram as a poultry and
livestock feed. Lest we forget the
mcrease in food demand resultinig only
frorn population growth, we should
remember that the population of Mexico
in 1943 was approximately 23 million: in

1986 1t has passed the 80 million mark.
In wheat, the current average national
yield- -approximately 4 t/ha- s the
highest i the developing world, and only
surpassed in the developed world by a
few BEurtopean countnies Due largely to
these productivity gains, Mexico is once
agam self-sufficient in wheat production,
vven though a considerable amount of
wheat 1s now being used as animal feed.

Frcuning local rescarchers was

perhaps

one ol the most significant contributions

ol f/)f" /\\"/(,’

arogran.

vcat-Rocketollor Foundation

But to remain self-sufficient in wheat
over the next 20 years, with the growing
demand resulting from population growth
and mcreased per capita consumplion,
will require an expansion of wheat
cultivaton into nontraditional wheat-
producing regions. The possibility exists
1o extend the cultivated area southward,
durning the winter season, into more
semitropical areas on the Pacibie coast
and into the northern huned Gulf of
Mexico coast. To achieve this obiective
will tequire the development of varieties
with a high level of resistance not only to
leaf rust but also to Helminthosporium
spp., Gibberella spp., Septoria spp., and
to a complex o1 organisms, especially
Sclerotium rollsi, that produce root rots,
Mexico's need for research to exploit this
potenttal comncides with CIMMYT's
mternational research eftort in " tropical
wheat” imtiated in 1981

A second avenue for increasing Mexican
wheal production is through augmenting
the productivity of wheat sown during
the summer rainy season at ngh
clevations, especially on the central
plateau. Research dunng the late 1940s
clearly established the biologic and
cconomic feasibility of production under
these conditions. However, since the
harvest from the traditional winter
production areas increased rapidly, and
was generally adequate to meet demand

7



until the late 1970s, the production
potential in areas at higher elevations
remained largely unexploited. Within the
past five years, the area sown to
summer wheat has increased rather
dramatically. Expanded cooperative
research by CIMMYT and INIFAP to
broaden the spectrum of resistance to a
number of foliar diseases, as well as to
deveiop varieties with tolerance to high
levels of soluble aluminum for some
areas, is essential if the full potentiai of
summer wheat production at high
elevations in Mexico is 1o be exploited.
CIMMYT also has mterest in
development of such research for use n
the Andean region, in parts of the
Southern Cone countries of South
America, and in East Africa.

Establishment of Internationai
Agricultural Research Centers

With the successful maize and wheat
programs in Mexico as a model, and
with the keen insight into the worsening
fsod shortages in Asia, Drs. J.G. Harrar
{the first Director of the Cooperative
Agricultural Program in Mexico and later
President of the Rockefeller Foundation)
and F.F. Hill of the Ford Foundation
helped to estabhsh in 1960 with the
cooperation of the Government of The
Philippines the first truly international
agricultural research institute - the
International Rice Research Institute
(IRRN in Los Banos, the Philippines.

By the time IRRI was formed, the
Cooperative Agricuitural Program in
Mexico had achieved its primary
objective: the building of a national
agricultural research capacity. In 1960,
the National Agricultural Research
Institute {(INIA, now INIFAP) was
established by the Government of Mexico
as a semi-autonomous public
organization Four y2ars fater, after INIA
had assumed the national mandate to
produce research results for Mexican
farmers, the late President of Mexico,
Adolto Lopez Mateos, proposed the
creation of an international maize and
wheat research center to support the
work of national programs throughout
the world, but with emphasis on the
production problems of developing

8

countries. With this as its mandate,
CIMMYT was established in 1966 as the
second international agricultural research
center in a network, now supported by
the Co~sultative Group for International
Agricultural Research (CGIAR), which has
grown to 13 autonomous centers.

CIMMYT'S Research Contributions
I commenting on CIMMYT's
contnbutions in maize and wheat
research, | will treat the achievements
made during the years of the Center's
predecessor organization as part of
CIMMYT’s overall legacy. Given the
considerable overlap in rescarch
personnel from both organizational
phases, and the fact that CIMMYT's
operational philosophy is modelled largely
after its predecessor organization, it is
appropnate 1o view both phases as part
of the same continuum. It should be
noted, however, that many research
breakthroughs attributed to CIMMYT, at
least in wheat, were achieved prior te its
establishment as an international
research center,

CIMMYT occupies a deserved place of
distinetion within the agricultural research
community. Its staff--past and
present—have played pioneernng roles in
the development of commaodity-focused
agricultural research in the Third World.
its ach'..vements in the development of
high-yielding wheat and maize varieties
with broad adaptation and enhanced
yield dependability, and in the
development of the agronomic practices
that permit these improved materials to
express their high genetc yield potential,
have been exemplary.

The greatest commercial benefits of this
research have been achieved in bread
wheat, Triticum aestivum, where the
improved technology was married to
stimulatory economic policies and readily
avallable production inputs and credit,
which promoted rapid adoption of the
new technologtes and led to increased
yield and production in so many
countries. But considerable impacts in
several countries in maize (Zec mays L.)
are also on the verge of becoming
reality. | also consider the progress to



develop triticale as a commeraial crop
and the efforts to develop nutritonally
superior maize matenals to be important
research achicvements. Both of these
projects involved moedium- to long-term
basic research and are now reaching the
noint when commerciial payofts are
possible. Recent efforts to develop
vaneties with greater dependabibty of
yield under envitonriental stross and
CIMMYT's continuing research in crop
managernent technologies are also
significant activites For tne heneiit of
the invited quests, a briel comment on
fach of these research contithutions 15 in
order

Broad Adaptation

Until the: 19505, although stll present to
some extent today, plant broeding
dogma beld that the only way 1o ensure
the: development of high-yielding, well
adapted varieties was to select them
through all segregating generations in the
location where they were to be grown
cormnmercially. Faced with the urgem
need 1o develop wheat va eties with
acceptable stem rust nesistanc i
Me<eo, a decision wis made (o gnore
dogma and use seviral ccological zones
Tat would pormt the grovaneg andd
sulectng of two segregating generations
of progeny ecach vear Since difforent
races of stem rust wero present
vianous locations, mutlocabonal testing
permitted e screenimg program to build
up more durable resistance: (throad
spectrum) to stem rust as well as to
other pathagens. Morcover . with two
breeding cycles every 12 months, o new
vanety could theorctically be produced i
four vears, rather than craht yeats
required with the convertional maethode

To accomphsh this, we used two
principal locations 1 Mewco separater
from one another by 10° of lattude (and
with changing dayiengths), with differing
temperatures because of o change n
planting scasons, and with differences in
clevation of 2600 meters. Segregating
populations were shuttled boetween,
grown al, and selected in these two very
diverse environments. Soon, soime
unexpected results started to becorme
evident from this unorthodox breeding

approach. Progeny from certain
individual plant setections from a very
few crosses were soon observed in F3
and T4 generations to be early maturing
and equally well adapted at a number of
locations in the high central plateau
around Mexico City, in the Bajio region
2t lrapuato and Leon, and in the Sonoran
coastal plain at Ciudad Obregon. Once
this unique oreadth of adaptation -
combined with early matunty - was
recognized, the intensity of selection
pressure was ncreased.

By 1948, the Princess of Serendipity had
smiled on our unorthodox shuttle
breeding effort. Two new vaneties, Yaqui
48 and Kentana 48, had proven
themselves to be high vielding, early
matunng, resistant to shattering, highly
resistant to steim rust, and modcrately
resistant o deal and stripe rust. Because
of this combination of traits, these new
vaneties couwd be grown successtully
with proper dates of planting over a
range of climatic and soil conditions in
Mesico. With their dayizngth msensitivity
and broad-based st resistance, these
vatehies, or therr denvatives, were also
later shown to b top viglders in many
production areas in othor developing
countries. in the imtial years, this
breeding approach also made the tasks
of seed production and distribution
casier. With only a few varieties needed
to serve commercial farmers- - rather than
the dozen or more that would have been
necessary 1f narrowly adapted varieties
had been developed--the work of
Mexico's newly formed national seed
agencies was made much more
manageiblo

While I am a proponent of the utility of
developimg broadly adapted materials, |
am not advocating that plant breeders try
to develop a smgle umversal variety. This
waould be unwise from the standpoint of
genetic ernsicn and disease
suscephibility, as well as inwise in terms
ol trying to optimize yield potential,
especially in many problem soils. But
nenther should the emphasis be on the
development of materials with such
narrow adaptation that they are only
suted to very small microenvironments.
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In this seénse, a crucial research issue in
varietal develonm ent 1s the delineation of
boundaries for the vanous broadly
generalized production environments

While we were empincally manipulatng
photoperodism throuah our shuttie
breeding techiniques. Drs. Hendricks,
Borthwick, and Parrer of the US
Departmaen® of Agriculture t(USDA)Y were
providing the theorencal explanation of
this phenormenon. Thiough their work on
the role of ight i plant photoperocism,
seed gurmination, stem elongation,
Howering, and fruing, they were able 1o
explam undetlying poncipie s of vaneta
adaotatuon. In the early years of study,
they beheved that sensaeaty 1o da zhight
was controlled by one o two maor
genes. Curtent evidence indieates that,
although there are probably only two
major genes mvolved, there are also o
large number o rnodifier genes. The
matuaty system s furthier compheated by
the interaction of genes that control
maturity and photopenodism and those
that control vernalization {temperatures),
making it possible to isolate many
didfferent genotypic conmitinations

I B and Fo progess dedved from
Crosses hetwaen Movean vanelios and
Norin 10O 5 Lrevor nes, i becaime
ovidlont that o neww tyope of wheatl was
torthiconimg.

Brealcthrouan i

Genetic Yield Potential

Though successtul in combining early
maturtty, disease resistance, and broad
adaptation i the improved 1all culuvars,
we continued to face the barner that
lodgng was imposing on gram yield. As
the use of mirogenous fertiizerns
increased, especialy i the State of
Sonora, lodgmg had become the major
problem limitng yields.

During 1952 and 1953, we made a
concested - but unsuccesstul- -effort to
find suitable matenals with shorter and
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stionger Straw for use as parents in the
breeding program. The entre World
Whee t Collection of the USDA was
screened for straw height and strengthy,
In fate 1952, O Orville Vogel's
prefirunary success with incorporating
e dwarfmg genes from Nonn 10 (a
Japanese winter wheat) into US winter
wheats were 1elated to me by the late
D Burt Bayies, then senior wheat
breeder for the USDA, to wnam | am
deeply mdebted for repeated wise
counsel and guidance durng the early
yvears of the Cooperative Mexican Wheat
Frogran:. bwiote D Vogel and
requested genetic matenals containmg
Notn 10 dwarfing genes for use as
pArents i our spring wheat breeding
program. In 1953, Dr. Vogel kindly sent
e a few seeds from thiee different Fo
selactions from the cross Norm 10 x
Baart and a few secds fron cach of five
supenor Fo oplants from the cross Nonn
10+ Brevor

Oue tst attempts 10 cross the Mexican
matertals to Vogel's matenals were
unsuceesstul. Since the Nonin 10 Brevor
3 plants were very late n flowering they
were used as the female parents, and
being heghly susceptible 1o all thiee rusts
they were killed outnight without
producing wable F1 seed. Using the few
remaming reserve seeds, a4 second
attemnt was made i 1955 and was
successtul. In the F1oand Fo progeny
derived from crosses between Mexican
vaneties and Norm 10 ~ Brevor hnes, it
became evident that a new type of
wheat- much higher yielding than we
had seen before  was forthcoming. In
the 2arly gencratons, progeny o - ved
from the Nonn 10 « Brovor x ' exican
vainetly crosses had many deletenious
aenes  The most obvious and worrisome
problem was the high degree of male
sterility, especially m the late tillers,
which led to much promiscuous
outcrossimg. In fact, the amount of
outcrossing in the first two cycles of
breeding was so tugh that it casts doutt
on the rehiablity of many of the
pedigrees The second sernous detect
was gran auatity. The grain invariably
was badly hoawvelled, soft, and had weak
gluten. £ =ud serious defect was the



high degree of susceptibility to stem and
leaf rust introduced in the progeny from
the Norin 10 x Brevor parents.

Various types of crosses were made and
strong selection pressure was cxertoed 1o
attempt to overcome these problems. By
1962, seven years after the first
successtul crosses, two high-yielling
semidwarf Norin 19 derivatives- Puin 62
and Penjamo 62 with broad based rust
resistance and adaptation 1o a range of
production envitonments, were named
and released i Mexico for commercial
production. While our 1esearch objective
mousing the semidwarf matenals was (o
reduce the incidence of lodging, e
obtamed an urexpected honehit of
markedly higher yvieid potential, due
large part to the paritioning of mora of
the: total dry matter into gram prodaction.
The newly released semidveart varietios
had vields of 6.0-6 5 t/ha, comnared to
the 4.0-4.5 tha of the rall, improved
Mexican genotypes that were used in
these coosses. Obviously  dditional
genes waere inttoduced mte the formerly
so-caltad “high vielding” Moexicar
vanetes by ther Nonn 10 and Brovor
patents, with both parents contnbutimg
to increased yieid soential,

Diffusion of Semidwarf Wheat Varisties
Since the early 19605, more than 400
high yielding senndwart spring whean
varieties detived from crosses made at
CIMMYT haver begn released n some 50
countries. These malenals, in gencral,
hitve much better disease resistance than
the local vaneties that they have
teplaced. They also produce more gram
than local mater als under low fertility
canditons and have the capacity 10 vield
up 1o twice as ~u as traditional
vanetes urdar better fortiizer and
moistire conditions.

The area in which these semidwarf
spring wheat vanetios have demonstrated
supernor yield performance s vast: 50
million hectares in developing countier
thalt ot the total wheat arem), as well as
approximately 10 milhon hectares in
developed nations. Third World wheat
areas share many common traits in
terms of varietal requirements. Rusts are

the major disease problem, moisture is
genesally not a limiting factor, and
intermediate maturity iz the major growth
penod requirement. The materials
developed in Mexico had these
charasteristics. In addition, their
daylength insensitivity and other
agronomic characters made thern
adapted 1o a very broad range of
production conditions. Bul the cunent
coverage ol availlable vaneties also
pronably delineates the boundares of
these major produntion envirorments.

The fact that 50 million hectares in the
developing worid have yet to e planted
to mproved vatieties 1$ an indication that
new gene noois and more specific
selection critena are likely to be necded
to deveiop suitable varietios for these
untouched problem areas. These
primanly mclude locations with acid soils
and high levels of soluble afurninum,
alkaling scils with high ‘evels of sodium,
and soils in marginal rainfall areas.
Through more recent research efforts,
many of the production constraints in
such areas are now being overcome. For
caample, as a resuit of a collahorative
breeding progiam betwean CIMMYT and
the Brazilan Agency for Agncultural
Research (EMBRAPA), the Federation of
Brazhian ‘Wheat and Soil Cooperatives
{FECOTRIGO), and the Grganization of
Cooperatives of the State of Parana
iOCEPAR), in Brazil, nigh-yielding
vanetes with tolerance to solubie
aluminum havs been developed.

Development of

High-Yielding Maize Materials

Local maize vaneties i the tropics and
subttopics suftered flom a probiem
similar to that of traditionat wheat typas.
Fhey were leafy, grew too tall, ware latc
maturing and iended to lodge heavily
when grown under improved agronomic
condiions. Compared te US Corn Belt
matenals, tropical maize materials had
very poor harves® indices, with up o
two-thirds of their total dry matier
partiionad to stcver instead of grain,
CIMMYT has made significart
contributions in improving the harvest
mdaces of tropical and subtropical maize
materials. The Center's efiorts to develop
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for the tropics and subtropics more
grain-efficient, yield-dependable maize
varieties, whose seed can be saved by
the tarmoer for planting the next season
withou! significant loss of vigor, have
been an important research contnbution.

While a recurrent selecuon scheme has
been the basis for repartioning total dry
matter weight in maize toward greater
grain production rather than the
mtroduction of a dwarfing gene--the
results have been the same: the
improved maizes have ruch higher
genetic vield potential then do the
traditonal local varieties. A\ ¢ st m of
multilocational testing, first in Mexico
and later in dozens of locations in other
countries, has broadened the adaptation
of these maize matenas, not only from
the standpomt of photoperiod
Insensitnaty but also i terms of
resistance 1o mportant fohar diseases
and to certam classes of nsects, As g
consequence of thvs work, now sources
of genatic variabuity have heen supohed
1o many national marze improvement
programs. This germplasm can be readily
used- and s benma used 1o improve
lowally developed maternals. The
improved marze developed through this
mathodolegy has been a collaborative
effort with national scientists throughout
the developing wortd. This research
partnership has prodused 1000
experimental vanebes, and some 150 of
these nave becn released by 30 national
governments for cornmercial cultivation.

Quality Protein Maize

The discovery of the anproved nutritive
value of npaque-2 maize at Purdue
University in 1963 ushered in a penod ot
great euphons activity directed towiard
developing maize vaneties and hybnds
vith arghy levels of lysine and
tryptophane. But the cuphona faded o
frustration, and this effort was
discontinued by virtually all private seed
companies and governmaent and
uriversity programs, when the
unfavorable linkages associated with the
opaque-2 gene became apparent.
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The CIMMYT Maize Program, with
excellent close coilaboration between
genetizist-hreeders and hiochemists, has
gradually overcome the adverse linkages.
Currently, several open-pollinated quality
protein matze (QPM) varieties with high
gram yield, hard textured kernels (flint or
dent), and good disease and insect
resistance have been developed. This
work has shown that the adverse
hinkages conferred by the opaque-2 gene
between high levels of lysine and
tryptophane and low gram vyield, <oft
grain texture, and susceptibility to ear
rots and insect damage can be, and
have been, overcome. Open-pollinated
QPM varieties are being grown
cormmmercially in Guatemala and China,
and CIMMYT 15 now developing QPM
hybrids

It appears to e that the development,
acceptance, and use of QPM matenals is
now simdar to that of the semidwarf
wheat vaneties 20 years ago in India,
Pakistan, and the USA - when many
noisy skeptics said they would never be
accepted. Nevaitheless, look what has
happencd in QPM development during
the past 15 years! | predict QPM too will
have “its day’" in the vears ahead.

The New Crop: Triticale

Tuticale (X. Triticosecale Wittmack) ts an
amphuploid species developed from
crassing wheat and rye (Secale cereale),
employing either durum (Triticum
turgiclum var. durum) or bread wheat
vaneties as the wheat parent This man-
made new cereal, which now proniises
1o become an important food and feed
crop i many areas of the world within
the next decade, 15 currently grown on a
total of more than one milhon hectares in
at teast 10 countries.,

CIMMYT inhertted a small triticale
rescarch program from its predecessor
organization. At that time, all triticales
were tall, late maturing, and highly
stenle; the grain that was produced was
also badly shrivelled. CIMMYT
established a large, broadly based
breeding progiam to overcome these
defects. Despite criticism of the program
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and predictions by some theoretical
scientists that triticale’s defects-
especially sterility and shevelling of the
grain - would never be overcome, one hy
one they have been conquerecd

Today, m acid soils, especially in those
with high levels of soluble alununum,
tnticale s {ar superior in grain yield o
wheat. Moreover, even in many areas
with good soils, such a2 those in the
State of Soncra, Mexico, tnucale yields
as much as the best bread wheat
vaneties. In the Soviet Union, Poland,
Austialia, Spam, France, West yermany,
Canada, USA, Argentina, and Mexico,
where most conmmercial tnticale
production i concentrated, the grain s
beme vsed prmanly as feed. But it also
has considerabie: promise as o tood
gron When tincate flour (unbike flour
from duruny wheat) s propetly blended
with flons from bread wheat and the
dough s approprately handled dunng
fermentation, good bread will be
produces

Fhe discase resistimee of thiticaie 1o
cettam pathoqgens s also of significance,
especiilty in Mevico T recent years, in
certamn sceasons when environmental
condittons have been faverable for heavy
infection with Neovassia mdica {(1the
causqal agent of Karnal bunt), the level of
aram nfection on bread wheat varieties
was heavy enough to adversely atfeet
both the odor and taste of Hour and
bread. Under these same conditions,
aran from duram wheat vaneties and
trihcale vanetes was either entirely free
ot Karnal bunt o only had a trace of
bunt Since s veiy difficult 10 blend
dururm wheat and bread wheat flour 1o
make satisfectory bread, inticale flour
offers a viable alternatve for blending
with bread wheat flour.

Durem Wheat Research

Duraum wheat s used primatily for the
production of pasta products and
crackers. Although durum wheats are
grown on approximately 10% of the
world wheat area, perhaps no more than
1% ol the worldwide varietal breeding

effort on wheat has been devoted to the
improvement of this species. Even
though the Notin 10 dwarling genes
were successfully crossed into both
Mexican bread wheat and dururn wheat
varieties in 1955, because of shortage of
scientific manpower the major effort in
the early years was devoled to the
development of bread wheal varieties. By
18€7-68, it had become apparent that
the newly emerging, improved semidwarf
durum varneties had unusually high grain
yield potential, even though they were
stll plagued by partial sterility and
shavelled grain. Graduaily, over a
number of years, these defects have
been conected and early-maturing,
semidwarl durum varieties with good
miling and pasta-making properties are
now availlable. Altough these durum
wheats vield as much as the best bread
wheat varieties under urigated as wall as
ramfed condiions, they have a narrower
range of adaptation than the semidwarf
bread wheats. The durum whears
currently avallable are also more
susceptible than bread wheats to
Fusarium spp., Septoria spp., and
Helrminthosporum spp., but are enther
more 1esistant to (or escape) Karnal
bunt.

Today, CIMMYT -derived semidwari
durum wheats are grown commercially in
Mexico, Chile, Argentina, Algeria,
Tunisia, Turkey, Irag, and India, as well
as in developed countries such as italy,
Spain, Australia, France, and the USA. it
15 probable that by widening the
germplasm base and exerting strong
selection pressure on segregating
populations, new varieties con be
developed which will combine broader
adaptaton with broader disease
resistance, as well as drougkht resistance.
Furthermore, since the most promising
CIMMYT triticales are derived from
crosses of durum wheat x rye, it follows
that an aggressive durum wheat breeding
program is an important component for
supplying improved parental durum
varieties for use in the triticale breeding
program.
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Crop Production Research

CIMMY T has had a tradition of being
farmer focusea in its research approach.
Although the Center s famous for its
contributions in plant breeding . improvied
germplasm has only been s calling
card. We aiso have seen the need for
impioved crop management in the
different parts of the world and have
pacicipated with nationai program
seientists in such research, Whilo the
high-yiclding vanctes nave servied as the
cataiyst for mbroducing iname gelding
agneultura technology, the contnbutons
of imiproved agronomy, especially the
proper tse o teriizer and better
rgation and weed control practices,
were essentia o e yield mopacts that
have been acrveved o Thind World food
proauction
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Since s inception, CIMMYT has sougm
to employ crop management specihsts
who are conversant with a broad range
of production tactors, 1o broeding,
agronomy, water use, weed sclence,
pathology, cntamology, and econormiecs
These crop management specialists have
been mtearited into the CIOR Programns
and work beside preadare, pathologists,
and econonusts i e solution of
CoOMmImaon probicvins s inte ration of
research disoipimes has been Sughiy
effective and has belped CHIVMMYT 1o
merease cereal production anad
productivity in many countnes of thie
Thard World The imibal agiononsy
research woik in Moewico, the wheat
agronomy oroqgrane e Tursey, the early
days m Indin and Pakistan when the
servadwarf wheat vimehos were
inttoduced, the spiead of unproved
maize vanetes and hybods in Southeast
Asia and Cental Amenca, and more
recently, the wheat production succosses
i the Southerm Cone of South Amenca,

are all examples of national production
campaigns in which CIMMYT stalf have
phived important roles as research
catalysts and integriators

fn the course of this crop management
tescarch collaboration, CIMMY T has also
plaved a leading role in the development
of more effectve research procedues in
which biologmcal scienusts and
econonmists work together. The
procedures place a majpor emphasis on
on-farm e<parinentation, since the
prodachon conditions of most research
staticas are not suthiciently typreal of the
conditions faced by typical farmins,
cspectally the resoucas poor ones

UMY Y

Urgaavzetional Innovations

CIMMY 15 developnecent of intermational
gurmplasm testing networks, s in-
service trating progrims, and the
Center's offorts 1o buld giobal and
regional networks 1o taciitite mformation
axchange, have been highly effective
institutional mnovations that have
contnbuted greatly v nuttng maze and
wheat research on o sounder basis
wotldwide. A bt review of cach of
these deveiopments tollows,

'nternational Testing

050 he first of four years of
SHCCEeSSIVE stem rust (Puccimia graminis)
epidemics stiuck the wheat crop in the
Untted States and Canada, reaching a
peak o m 1954 when 75% of the durum
wheat, as well as a consideralle part of
the bread wheat crop, was destroyed
The primary cause was the vindlent race
THB, which was capalle of destioying
all of the duam and bread wheat
vaneties then m use commercially. A
tace sindar 1o 1HB was also spreading
simultaneously m Latn Amenca. The
standard response to such i disease
epraenue s he rapd esting of wheat
ines 1o dentty resistance 1o the new
race of pathogen, and then the
multiplcation of the sced of the resistant
hnes as soon as avilable while
continuing to cross resistant ines 1o
pyrarmmid and broaden the genes for
resistance. A race as virulent as 168



demanded the widest possible testing for
resistant matenals in the shortast
possible: tirme.

A disaster of this magnitude forced
seentists 1o search for new solutions,
and out of this cnsis came initintives,
largely under the leadership ot the late
Drs HEA Rodenherser, £ C Stakman,
and B Jotmson, that are sull benehiting
grobal aancaltare, In 1950, the USDA
appealed o eight countries Mesieo,
Colombua, Fcuador, Peru, Chiler, Braat,
Argenting, and Canada o jom the
Unted States in testing 1000 hnes of
wheat selected from the US Waorid
Wheat Cometion and some advanced
generation hnes from several breeding
programs as possible sources of
tesistance 1o e e 1ThE CIMMY TS
predecessor organzation in Medeo wan
cathomant and contubuted
e e o ks breedimg program
Fcse 1000 wheal ines waore aposed to
ponulations present in the
penncinate conntores The results of this
Fotintenations: Stom Host Norsery
veceeded vaes tations and, today, much

e e e

e sty

of e Stem ngst resistancs orinercil
wihiedts can b taced 1o the breeding
toatenat adentibied from thoae early
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There were other indirert benefis of
even aredter importance moths
nternational cooperative effort than the
enthcation of gacnmplasm with
resistance 1o race 158 of stem rust. A
new tnechansm for widesproad
mternatonai testing of germplasm first
newitieat nd ates o many other foord
crops wason the process of formation
Before the Tst International Stem Rust
Nusery, many brecders were reluctant
toretease advanced limes from theor
brocding programs 1o fellow scontists for
fear that new vanetes would be namaed
and released without proper tecognition
to the breeder or organization
responsible. Rarely were early generation
segregatng matenals distobuted to other
scientists either, largely for the same
reasons

The first attemp! to establish a
Cooperative International Wheat Yield
Nursery was made in 1959, when the
Mexican-RF Program volunteered to
organize, prepare, and distribute the
fnter-American Spring Wheat Yield
Nursery. This nursery included the most
nnpoartant conumercial spring wheat
varieties then being grown in both
contments, as well as a number of
promising breeding ines from programs
m Mexico, Canada, USA, Colombia,
Chile, Argentina, and Brazal. The nursery
was grown n more than a dosen
countries of the Amencas This nursery
clearly estabbshed the broad adaptation
of the Mexican vanehes in contrast o
the tited adaptation across lititudes of
the dong-dayleagth vaneties produced n
Canaaa, the JSAL ind Argenting.

Drvang on the capenence of the inter-
Armencan Sprng Wie:at Yield Nurseny,
wir then organized the Near Fast

Me e Sping Wheat Yield Nursery, as
part ot the Food and Agricultural
Orgarzation (FAQIRF sponsored North
AtncanNear and Middle Eastern Whaeat
[ Service: Traming Program The nursery
meluded the important commeraial
vanehes from countnes where it was
distubuted, as well as two long-
daylength vanetios, Thateher and Selkirk,
from Minnesota and Canada,
respectively and o numbor of pPromisimg
new semidvart ines that we were
developing in Mexico Two yoears later,
the Intec-Amenican Sprng Wheat Yield
Nursery and the Near East Moxican
Spong Wheat Yicld Nursery were
combined to form the International
sonng Whieat Yielid Nursery ISWYN),
which has continued 1o this day and
whose data sitve as an mvaluable
quide tor those wheat scientists who
tseatanteligently in onenting national
breedimg progriuns

Today, CIMMY T serves as the hub of
one of the rqgest germplasm distribution
and testing networks i the world. Each
year, aver one miilion packets of maize,
wheat, and inticale experimental seed -
carrying significant amounts of useful
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new geneuc vanability - are sent to plant
seintists inomore than 120 countries.
The results of these nursery tnals are
recorded at each indeadual test site and
then sent to CIMMY T tor data processing
and analysis The results are comprled,
published, and distibuted widely among
maize and wheat scientsts around the
glabe

In addition, CINEYCTS germmpiasm banks,
which are some of the iaigest and best
maimntained i the wor'd and contan a
treastre of genetic diversity, supply
thousands of secd samples 1) scrientists
hrouabont the svored

Internation s toating nedp od to break
dowrn pavebcecae o barnaers that had
tended 1o eparate the ctiorts of prard
brecders o ddfen ot ooaanizations It
buecarte geceptod poie sy that any hne
tested mvernationgin, condd b sed by
collaborating soentst, tor Broeding
purposes ot for distnbution g o
COmrmercil provaded the souree
o1 the maters vy
only did mtersamioma! tennag mtroduee

Sdlety
acrnowledged s Mot
Nnew genetic caneibiiey nto national
breedm oo ng
individua: brecder st
to evaluate e
stabhity of thear Do e
I omany oifterent v aronrme nts
WOrhbwirte cirngltone oy
to sav that toe
testng matesd i beoginrng of thee
madern erg it Brisading

Leo prosdod

coonportanity
sdorntation e dheeaae

{HARMEINIE

i b

v ot anternaliaon gl

|t

Training and Leadership Development
CIMIY T By Jery high
pronty onod sty e beoderaing

Pty nined

desvetonment o sappont of
collaparahing ot tevearch
insttations Thae Contior carrently connts,
sorme 4000 renehers frome 120)
countries g
tamng courses e ellowgsing prograrn
for Visthing sopentn b graduate: students,
And precoand postdos torgl fellogss In
these tamng cftors, CHARY T s
sought 1o complerent thae theoretica
tramng that agneuitural researchers havie
tecerved i aneeraitses and toeohmeal
schools  The ttaining cmphasis hias been
on actual physcal performance of

dndrece cbats i service
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research tasks. This approach has had a
posttive motivattonal eff2ct on trainces
and research fellows. When scientists
waork together, struggle together, sweat
together, and tumph together, they
create bonds of mutual respect and
fnendship and, mn the process, develop a
powerful worldwide fratermity of crop
ceientists dedicated to mcreasing food
production and improving the equity of
distribution of 1ts benefits

Development of

Scientific Information Networks

Central to CIMMY T's suceess has been
its close working reiationships with
natonal prograrm scientsts Bulding this
global fraternity of maize and wheat
sorentists has regured frequent visits Dy
CIMRIY B staff o e offices and tesearch
piots of national collaborators, providing
Uapmng felfovshigs, Tor senentists trom
dreviopmg countnes 1o come o Mexico
and or helpmg tham obtam funds for
araduate studies, and oftenng o
continuing fow of uocdni neenntie
information qenetally on g cost free
SHENIS

I arnc carhee day et of the statf tavel
W collitborating counines wis, done by
Statt based o Moo, who tavelled
widdely eact year vesiting with researeh
collaborators, adrmamstratons, and pohey
trrcbers o gy countnies As the
nurmber of countnes sk winen CIMMYT
td tesearch rebitonsnips grew fom 60
to mote than 120, new institutional
mechamsmes beame necessary 1o handle
thoene eatenawe researehn telahonships
mote cffectively Today, half of
CHAMY T saenthe staft are posted to
tegional programe, Much of thoor activity
5omirmilar to bt statt baveimg from
fesico attampted to doom provions
veears  The mgor advantage o the
regional program concent, however, 15
that CIMRMY T bias renresentahives actualily
Iving and sworkmea o omaor maize and
whedat-grovng envieonments of the
developmag werld With more frequent
contact, amd aomore imtimate
understanding ot local tesenrch problems
and oppottomties, the ines hetween
CIMMY T and national proqrams have
been reinforced
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Contributions to

Increased Food Availability

and Agricultural Productivity
CIMMYT's contributions 1o increased
agricultural productivity are mextricably
Iinked with the efforts of many scientists,
production specialists, extension workers,
policy makers, and farmers. In
germplasm development, the statf have
worked in a partnership role with national
research programs. Even though vatieties
emanating from this work are jomt
products, CIMMYT, itself, o s not seek
o name o1 release vanetes; wis 1s the
responsthility of national crop research
and seed certheation programs.
Furthenmore, success at the fanm level 1s
the conseauence: of many other
corponents besides improved vaneties,
frproved agronomy through better use
of fertihzers and moisture teither rain or
Tagattont, plant protection, and greater
potcy mcentives all have played major
roles iy the productivity advances made
by Third World farmers i tocent yveirs

The Green Revolution

CIMMY T was born i the nudst, and was
largely a conseauence of, g oworld cnisis
i food production. centerad n Asia
dunng the 1960s. With countnies licking
foreign exchange 1o nurchase food

imports, dire predictions were being
made that without perpetual food aid,
many Asian countries faced continuing
and worsening famines. Political leaders,
many with their backs against the wall,
hecame receptive o the then radical
advice of a handful of scientists who
argued forcetully for the introduction of
the new high-yicld wheat and rice
technoiog.es developed in Mexico and
the Phippines. Overruling the counsel of
some local 1oscarchers, India and
Pakistan’s national leaders took
calewtated risks and, after four yeure of
widespread on-tarm testing, decided to
embark on major production programs to
mntroduce the new seed/fertiizer
technologies as quickly as possible. Once
tens of thousands of farmers saw the
yields of the new wheat and nice
matenals grown using improved
agronomic practices on demonstration
plots on therr own o1 neighbors’ farms,
they themselves became the major
spokesmen for increased adoption. The
spread of these new wheat and tice
varielies s unpatatleled in the history of
agriculture (Table 1), except perhaps for
the spread of hybnd maize in the
developed countries dunng the 1940s,
1950s, and 19605

Table 1. Area planted to high-yielding wheat and rice varieties

Wheat _ Rice
Area Proportion Area Proportion
Region (m/ha) (%) {m/ha) (%]}
Asia, developed 254 79.2 36.4 44 9
market economies
North Africa 7.6 3.6 306 8.4
Mictdle Last
Sub:-HSabaran Afnca 0.5 50.6 0.2 29.6
Asiy, coentriatly 8.9 30.6 33.4 81.0
planned ceonomies
Latn Amenca 8.3 776 2.5 329
Total 50.7 h1 9 12.6 h3.6

Dalrymple, 19806

Soutce

17



f
/
{

Pl

forae

g

I

ioilt!

Increased nvestments in agricultural
research and rural infrastructures have
heiped to more than double Thrd World
matze production and to more than tiple
wheat production over the past 20 vears
India’s wheat production has increased
more than fourfold o this same period
Shghtly ess tharn HO” e of the grosvth
gitze production and G5 of the
arawth i wheat production have beern
due 0 igher yicld fovels Over the frast
two decades, Third YWorld per cagnta
production has mereased more tapidiy
than populabon for both crops. by 301,
mnomarze and 7070 i wheat oo,
mereased per copnti production bias beeen
destined pronanly o fivestoch rnd
poultry feed and the dhrect food gse of
marze huas temimed constant gt 20 st
total Sanones I whoat, inchgsed fe
captti production in developinig cournton e,
Nas resarted an e mark ed increase i
tnportinee of ths drain i hurman duets
i developmig countnes In 1961 65,
wheat aeconnted for 169 of 1ol
calonies m v duts, by 198184 1t
decounted tor Jnva clable 2)

SOOCHE Qe o Ty cannot
(O vteld e onea o sioadl plot
A capable of vierdimg o

oot land.

When Trard Warkd manze and wheat
productor mdicatons e disaggregated
MO reqronat statestaes, hovwever, 1t
becomes ovidont that progeess m
AQLCUtUE R e opient b heseon

TOGT 65 and 1581 84 1 boen oneven
(Table 3 The porionmance of Chiteg has
beep speclacubar, with annual per capita
growth rates of 220 aowtieat and .87
Wnaze Blong Qronth rates Tave aiso
been tegustened i ot deciopmeg
Mtk el coonomes, of A s weedl b
most of Latn Amenca the Andean
countnes beteg the coception growth in
wheat and roonze produetion has also
ottpaced population Inthee Niddle ast,
wheat produchon e, by hept pace
wath popation aprowth anid e capita
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rmaize consumption has dechned In
Noith Atnca, the growth i whoat vields
has been sluggsh, although maize vields
haverincreased at a ate of 2.3% per
annum - West Aftea has had very low
arowth rates o both marze and whoat
vields Maze and wheat produchion has
ceceeded the rate of population growth
only 1o a fow Southom and Fastern
Alnean countipes

Critics of the Green Revolution

Despite the tremendous production gamns
Aachieved i many developimg counties in
doveny short e Greens Revolution
teennologes have heen the subiect of
milense conbioversy since ton
trodnction Blany atial reports depcted
the trew wheal and nce: lechnologies as
Aowhiolesae transter of mgh yield,
temminerate: zone fareang systems (o
preasant Limers o e Toand World In
feahly e s ot e cane NMore
deourateiy, e been CGreeen Bevolution”
stgnidies the boeqirineg of g new e for
dgueultiral researcrs and development m
the Third World, e i wvehie b modern
prnciples of geaelos and plast breeding,
agrononmy, plant pathology, . entomology,

Table 2. Percentage increase in maize
and wheat performance indicators in
the developing world, 1961-85 to
i981-84

Percentage increase
1961-65 to 1981-84

Maize”  Wheat

Voton et e

for sy foe e ER be.
Ak el Y,
Pt prodn hion ME 70

P ntange total

[ERPIATRCLINES [TV

EIPR 8 16

.
calones i diet,

14979 81 H 26

reentage totgd

SOt TOBS CINEYY T haize Farts anid
Prends 1985 CIAMYT Wheat Facts
and Treads



and economics have becn appled to
develop ind'genous technologies
appropnate to the condihons of local
farmers

The realv umportant attribute of the now
Green Revolution technologics was that
they were cost-efhcient, yield-increasing,
land-augmenting technologies. It was the
mtoductuon ot these new lechnologies,
combined with adequate police
meentives, which fed to the significant
productivity gimns - and which helpad to
stave ofl famines of giganuic nroporions
The cambmanon of the new vanetio:
and tnghiee yieldmg production
technology have allowed
tmersiresonrce: poor as weil as
resource prvileqged) to inerease total farmn
output through higher yield jovels and
greater cropping mtensty This

technology, coupled with favorable
economic policies, gave farmers
incentives to produce surplus production
for commencal sale. Not only did these
nnovations INcreass ncome levels for
farmers, but they helpoed to lower
production costs per unit of output.
These more productive farming systems
led 1o the development of new rural
mdustrios and new sources of
employment. Consumers, however, were
the major absolute benehiciaries,
espectalty the urban and raal poor,
wnose diets depend heavily on ceteals.
Per capita production mcreases in wheat,
nee, and maize have considerably
slowed the rate of incrense i foog
prices. Tnis has pervatied improved
nutnigon, and thus improved welfare, for
hundreds of tillions of lowancome
people

Table 3. Distribution of production and rates of growth in yield and production for

less developed countries (LDCs) by region

Wheat Maize
Growth rates Growth rates

Percent of 1961-65 Percent of 1961-65

total LDC __ 10198284 total LDC _t_p__lggl-_!:’»j_
Region production Yield Production  production Yield Production

1984 (%) (%) 1984 (%) {%)

Asia, deveioped 8 3/ 63 13 16 30
marke! ceonompes
Asia, contriliy a3 67 7.0 42 b2 5.8
planned cconomies
fhddle Cast 14 2.2 3.0 2 1.7 1.8
North Alnea 3 1.1 1.0 2 1.7 1.8
West Aftca - 0.3 2.0 3 0 1.5
Fast and South - 3.0 2.5 7 1.3 2.7
Adnica
Moo, Coeneral 2 3.1 4.1 1 2.5 2.8
Ay, and the
Coartiean
A ee s countnes . 1.1 1.0 2 1.7 0.9
Southern Cone 8 1.1 2.7 18 2.1 3.8

countres of
South Amenca

less than 1%



Various criticisms have been levelled
against the Green Revolution
technologies. In the mitial years,
poputation doormsavers sand that 1t was
already 100 late m the overpopulate
developing countiies, that the situation in
countnes such as India and Bangladesh
was hopeless, and that the nch nations
would only make things sworse m the
long run by trying e alfeviete sutfening n
the short run. This grouy kkened the
Earth to o hfeboat that could only boid
SO Many passerngers awathout simkang
Moreover, they viewed intermational
assistance eftorts e agnenltural tosearch
as 0Ny CHCoOURING moce popitation
growth which, as o resalt, would lead 1o
a disaster of greator propottions e

Fshare the concern about the Tigh rates
of populiton growth i many devesoping
countries and the effeets that tns growth
has had ot
standards of mang,nd envoonmentil
quaitly  But the Heboal argquiment was
and s promature e hive not
ecoceded the catrying capacity of the
Farth Inoreality, there e at iast two
hicboats and ruaybe more. One hifehoat
carnes 207 of the worid's people
those who e i the developed
natrons and who, morelative teros,
nave fnst class hookings. The othe
Ieboat, increasnigiy overloaded and
feaky, catries the remonmng 80% of the
world’s peoste those of the developing
wortd it seetns cruey inseesitve andd
short-signted for thoseowith, first class
pansage
help imiprove weltaren te noch poorer

cochiomine develonment,

and who hove the capacity 1o
Natons o bead the oy bor
turn its back on e phaght O thie vast
maonty of binanksd 1 tas approach
1S putsued for foneg, tvali lead 1o
wirdespread social rebelhion and, ol
probabihity, to thee dosvnfall of the present
world crvidization

sclenee to

Inretrospes o thie ongs of gloom andd
doorm sung dunmg e early 19708 by
this group of arhiculane Cassandras, |
Relieve, have aresponsably and greatly
conttbuted to the prasent rmess i the
world agueaitural, encrgy, and mineral
markets. Too many nations and
individuals overreacted 1o the doomsday
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sermons of those claiming that the world
had lostats ability 1o produce the food,
hber, encrgy, and minerals that were
nueded by the large, nyndly growing
population. Those clhums gave apparent
justificaton o the agoealtaral pohcies
that have: led 1o today ™ surolus
production, which hs been so
detnmental to farmers o both deviloping
At developed conntnes What o pnice
the: onkd nas paid tor hstemnng to these
ner onsl

Another major e of Green Revolution
criicsin argued that the mbroducton of
the new seed dertiizer teehnology would
only warsen the distubution of income
and wedith, unbes redistibution e the
means of piodue on oceurted st
Crtcs an s school ibelied the hugh
ichnologies as
being suited ordy o e nehoiandowners
who could atford the seed, tertlizer, and
ittgation necded to oblam musamunm
yild potential Iwas, of courae: toe
that the new technologes mere. e
production costs per unit of cultivited
area. What seoems to beognored i this
cguation, bovwaver, s the fact that the
new Technologes mereased output
proportionally mare than the cost of e
mpuis Green Revolution technologies
have diso beene agecussod of accelerating
bot dispiceement i rural oeas,
biscause: they encouraged mechanization
While the s partially true tor some iob
cleqones, bas also trae that the new
tectnologies increased employment
oppartunities greathy n many other job
sectors, moother words, the nit effect on
Al empioyInent ws posilive

viedohig woheat and o

I many cases, Green Hovolution enhcs
Brave: heen ulopran tedectoals speaking
from prvileged posiions ur reGry towers
Fhese persons have nevir been hungry
or ever ved and worked with people
hving m abject poverty They seem 1o
convey the impression that science and
technology, o properly argarized, could
correct all of the social ills and mequities
that have accumulated from the e of
Adar and Fve up o the preseit. They
tald 1o recognize that sumnia imequities
waere present methe hunting and
gatherng societes that pre-dated the



mneyualities 1s a job that must be tackled
largely by the politicians of the waorld,
not the agricultural research community.

invention of agricultural societies. At that
tme, the strongest tribes occupied the
best grazing ecosystems which, i turn,
sustamed thi: kngest populatons ©f big
unquiates. The weaker thbes wvere

The agricultural chemicals and fertilizers
absolutely necessary to produce the

food required by the world’s people are
like medicine—and should be used with

pushed nto the tess privileged ecoriches
and poorer bunting sites. These
megoities an the potential productivity of
coamystenss dand) persist im agncultue
Pree, are most evident in densely
popubated conntnes where many

Lok,

aqocultural Banihies nave been pushed
o margime, semnnd fands where
sttvival 15 precanons and poverty s
glanmng

Fhe pectaculan successes of the new
~heat and nee seeddertibzor
techinologies have no doubt
overshadowed many social and
ceonomic problems in the Thired World
Inthes sense, development efforts 1o
correet the senous megualiies found m
fand tenure, and o redistribute more
cauitably nathonal means of production,
witte Drobablhy set brck. But it is now
well documentod that resouce-pooi
farmers vath only relatively briet g
times  adopted the new seed/fortloe:
technologies about as rapndly s
resource -prviieged, ange scare farmers
Given the fesser abiity of small-scale
farmuers 1o take tsks, 1 was probably a
good thing that large-scale farmers were
the first 1o test the new technologies,
stce they could attord to gamble more
While 1in proporuonal terims both aroups
have bensfited eoualiy, obviousy those
with more resources riscoivid groater
benchits moan absolute sense

Certamby, i those connties where
resource distnbuation s hoghly skewed
and unequan ang ters ccononie growth
and social ana poltical stability 15 not
hhely o De sustained without pohtical
anel eeonommie measwes 1o redress such
nnbalances [tis g problem, however,
hat seience and technology 15 not wel
ciuipped to handle. Plant species am
apotitical. They cannot be coaxed to
yield 10 times more on a small plot than
they are capable of yielding on & targer
tact ot fand emploving the same
technology. The redress of social

proper caution.

In more recent years, some members of
the envitonmenta inovement have also
become Green Koevolution cntics. The
thrust of these critcisims has a distinet
anti-technoloay bias that 1s often
combimed with an deahzed view ot
peasant fanming as a harmony betwaen
man and natue. Argurments in this vein
ofter unagine conspratonal refationships
beiween scientists and agricultural
chemical and machinery compantes. We
are accused of trying to get Third World
farmers “'hooked’” on energy-intensive
production technologies that are not
ceonomically or environmentally
sustinnable. Greater use of chemical
furthizers, pesticides, herbicides, pump
oaaton systems, and farm machinery,
mnodher view, s inherently bad for the
Thind Waonid, As an alternative, te
vittues of more *organic’” forms of
tarmimg are advanced as the best way to
preserve e ong-term viability of Third
World farmiands and farmers

Perhaps the sincle most important factor
it crop yields in the developing
woridd s soil infertdity, due to either
natural pre-agneultural infertiity,
extractive fanmmg pracuces, oi o
deficiencies of pumary, secondary, and
minar elements brought on by mere
mtensive farming practices. The shrinking
of the per capita arable land base in
tood-deficit, densely populated countries
has made it impossible to free land from
food crop cultivation for green manure
crop rotations to help restore soil fertility
organically. Fortunately, soil tertility can
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be effectively and sately restored through
the praper use of the nght kinds and
amount of chemical fertiizern, aceordmg
to the reguirements of didforent Crops,
sl types, and environments Without
the restoration of soi fortility, fow
benefits will aecrue from the use of
mmproved varieties and other more
productive cultural practices

Some omanic gardemng enthusiasts
st that the wide use of organie
fernhzer couid satste i of our fertidizer
neads
Amount of o osted organic ammed
manure b DT ntiogen on o dry weigh
Dasis) inat would be necded (o produce:
e 7O o mete o of cheneal
ntrogen ysed today ol be abongt 7
bhon tons aguite 1 Gt
Anaroma o wete b e able T
OF O1gami: materal os v o B 1
wtght of the world coreal Drcagn e
and would tequine o thiree o fogrtong
INCTEase i wOHU chithun Dionr e tion, oo
all the addiional gran vl pasture heed
that such an incease wouid requine

Even now thees are many reas of the
woild whore oviengrazng s Causing
Senoss ertosion probicmes

Thig, however s nonsense. The

ST T

L olurme

Moreover, we should not farget that,
less than a decade ago, many
doomsayers wern preaching that the use
of scarce tossil fues could not be
justfied te produse mttogenons fertilizer .
Rather, they mssted that the use of
lequmes moorop rotations and the use of
orGamie fertilizens were the anly
sustamable viable methods of
mantainmg sol mtrogen fernhity Despite
these dire predictions, teday there s 4
glut of rattogenous tertilizen ane worlid
miarkets and real nnces are lower than at
any bree e the listory of the chenical
fertiiizer mestry

Itis iy belief that agncuttual chonacals
are absolutely essental to produce the
food that s necessany to teed today ™
population of frve tathon, which s
mcreasmg curtently at the rate of 82
mithon per year cest ! be misanderstood,
I would ike 1o stress that agricultiral
chermeals and fertihzens are absolutely
necessay 1o produce the fcod and fiber
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required by our world population, but
that they are ke medicine, and should
he used with proper caution. There is no
way that the waorlid can turn back the
tme clock to the “"good old days' of the
carly 19305, when few agncultural
chermcals and it chernicai fertilizer
was used - and when world population
stood at only two bilhon Without
increased productivity, how could we
have provided the necessary food for the
three billion people that have been added
to the world population i the last half
century? | know of no alternatve to the
path that we have taken

This group of concs alse lesves the
Hopression fnet the world 15 being
poened out of eustence by the use of
dgneuttur chionmeals. This opinion
deties the facts The tath s that many
more people ate ving more enjoyable,
pleasant, and longer hves man people of
Ay previous generation In 1900, e
expectancy at the tme of birth m the
USA was 46 vears tor men and 48 years
for women. By 1940, tfe ovpoctancy at
the: time of birth had mcreased 1o 608
and BH. Y vears o teen and women,
tespeetively By 1980 T evpoctaney at
birth Brad reachied 70 8 vears for men
ana 78 272 yvears tor swaormen Aned it s
contineing to meivase

The truthois that e for these elitist
cries seems to have become so
enjovable that they would like o extend
itindefinitely while also enjoying the
vigor, enthusiasm, and health of youth,
Ihey fail to realize that cach species 1s
endowed with o biological tine: ¢lngk
that sets the masamum onagevity for
edach species s tae that aonng the
past century better nutenon and
irnprovernents i reedical oo, ciothing,
and hausmg have collectively mereased
the average e expectancy at bith
greative However, this does not unply
that e biological tirme clock, which
determimes mavimuin absolute longewvity
of Hormo sapens, has been reset o
increascd signiicanty, o any This
untealistic phdosophy provails because
those promoting it have forgotten the
basie fact that all that s born into this
world iust sooner or later die and give
way o the next generatinn,
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There s another groun of aritics who
msist that foreign tectnecal assistance
proarams spawiing green revolutions'”
are destroying the nackets for food
exporting nations This g gross
eversumplihication of taors o the fira
place, poot nabons atd poos neopie are
FOOT CUSTOe S, the hunary
food dehat nations of Afnc are today
Agrianan subsrilence coonamies

AU ALY G o e otid pooutalion
s oo b

For caample,

faregedy
Vbt
dence farmers vath ey
Fhe ann
oot e reasg i

Wt o G Do iy poseet

Sy Hhee g
pure b poveer s standard of ang
R R N e TR I TS IR TR DR (TR

Sl

Drodtction, o L iy e

SOBCHTGLE DrctG 0 T el o begin 1o
il the process,
adnch v on

e e

SV AT AN STI T TR O
GO e e DO
Litny o, ri Rocent
e Lty e LIS

conien ey bt

St
it oty
Phose Toed vWord
PYETRCNS W ST Gionv U Tedess i Hhen
domestic aaneultural cortor bave also
Dad stronag overall ceonone gronvthe 11 s
Also these e vons gt hive increased
then impants of S padist:s not e
Togniant developmng countrnes

poot,

Fhe ot ot s oo med i hunan
Pubitation numsbe ty dinneg e, Sentary
makes 1t mmpossabie for s G urn back

s nsive
wee dommant
Nyoago, when world

~oas treder tevo bitlhon andd
Lrge roonnses of lanc o weere avadable tor
i a world of
trae bdhon, o wvhich bonging new
daneudtueal Lnds imto produchen has
bocome mcreasmgly more diffnealt and

Ui ok i
Producion s ees e

only g et

dolse e e

Goptation

increased food prodocion

costy e Barse o chion e bt o
nterratbeation on
censtog fmlards Such mtensification
can have adverse covironmnental

but it doesn’t hoavve 1o
Hather than advocatng that we go back
to 2alier production systems, we should
usee oue scientfe inowledoe o develop
technalogies that can mcrease
productviy as well g crstre
sustamabinay of production

e e L e

CONGe e ncey

Fwould be remass st b did not CAPTESS My
concern about the growing menace of
the population monster which threatens

the tutue advancement of mankind on
many fronts. We who work on the food
production front, | believe, do have a
responsibility to warn the political,
religious, and cducational leaders as well
as o educate the generat public in all
countries, that producing more food and
Biber while protecting the envionment
CAan, at best, be only o holding operation
~hole the: population monster s being
tamed. Inrecent years, the "human
ngnts" assue has generated much
witerest and debate around the world. It
tautoptan ssue and onoble goal to
veorn toward. Neverthaiess, i the real
world, the Gttamment of human rights in
e fullest sense cannot be achieved as
ing s hundreds of millions of poverty-
Qcken peopic ek the basic necessities
for a decent, humane life.

ccanpossible to turn back the clock
cod e the loss intensive production

Uhes last contury.

DPaciees of

I take 1ssue with those who ignone the
growmng threats of the populaton
monster, and speak glibly and
sanctimomously about the "'nght to bfe,”
while ignonng the morahity of the
Cquaity of dde " This only adds
confusion to this complex problem for
which a solution s unperative. Why does
mankind centings to wresponsibly and
madvertently sy 1o see how miany
additional people can be “heaped' onto
the planet carth? Why do we continue 1o
dapparently alwavs beleve that future,
newel and better technologies will
eapand the canying capacity of our
planet, whie, at the same time, assure
anamproved standard of ving for ali? it
abpears 10 me that we are behaving in a
mostirrational and aresponsible manner
Our behavior mplies that when we can
no tonger provide the good life: for the
ever ncreasing number of people on the
planet carth, we will always be able, at
the approprate e, o dispatch the
excess numbers to colonize beautiful,
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hospitable virgin planets in other solar
systems ir outer space. Oh, were it so
simple!

Maintaining CIMMYT's Vitality
CIMMYT exists to help speed the
proces: of developing improved maize
and wneat technologies in the Third
World. Theraefore, the achievement of
wheat and maize productivity impacts on
farmers’ fields must be the ultimate
measur2 of the value of the Center’s
work--as well as that of the CGIAR
system. Our assigned task 1s in the final
sense to alleviate hunger and human
rm.sery, which we must never forget
CIMMYT cannot atford- - nor can nauonal
program collaborators 1o rest on past
laurels ana achueverments. We owe the
socteties that support and depena upon
us a goad tetuin on ther investment

No matter how excellent and spectacular

the research cone in one scientific
discipline, its application in isclation will
have little or no positive effect on crop
production.

| believe that the most efficient and
expeditious way to deveiop improved
technology is through an integrated
research approach. No matter how
excellent and spectacular is the research
that 1s done in one scientific discipline
its application i isolation will have littie
or no postive etfect on crop production.,
Itis, of course, more comfortable to
stand and wort oo the shade of the tree
of one’s own discinime, but the forest 1s
made up of tees of many disciplines.
Consequently, what 1¢ also needed are a
few venturesome scientific teaders who
are comiortable and swilling to work
across the shadows cast by trees of all
scientific disciplines i the forest, and
thereby produce a technology capable of
increasing the overall, sustainable mutu-
henefit productivity of the ““forest.”” This
mtegration will become increasingly more
important in future years as we tackle
the prdurdins of the marginal production
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environments as well as the more-
mtensively cultivated production
environments. A research approach is
~equired that recognizes and appreciates
the reed to have teams of scientists with
different and comnlementary professional
skills, and who are sensitive to the broad
range of factars affecting productivity.
Unfortunately, effective scientific
mtegrators are a rare commaodity.
Although | have been privileged to work
with a number of such persons in the
past, we necd to dentify, early in their
careers, more ynung scientists who have
these latent talenty and provide thern
with a broad background of experiences
so that they can become effective
catalysts for agricultural change and
PIogress.

Our tnend and colleague, T.W. Schultz,
underscored the importance of the
organizational research siructure in a
paper he delivered several years ago in
Chile. Permit me to quote his statement:

I'am convinced that most werking
scientists are research entrepreneurs.
But it 1s exceedingly difficult to devise
institutions to utilize this special talent
efficientiy. Organization 1s necessary.
It too requires entrepreneurs. But
there 1s the ever present danger of
over-organization, of directing
research from the top, of requiring
working scientists to devote ever
more time to preparing reports to
“justify”’ the work they are doing,
and to treat research as if it were
some routine activity.... In the quest
tor appropriations and r1esearch
grants, all too little attention is often
given to that scarce talent

which is the source of research
entrepreneurship. The convenient
assumption is that a highly organized
research institution firmly controlled
by an administrator will perform this
important function. But in fact a large
organization that 1s tightly controlled is
the death of creative research.

| would add a caveat to this statement.
Research, while a necessary condition

for improving food production, does not
automatically lead to more efficient food



production systems. | believe that we
have a professional and moral
responsibility to see to it that pioven
research results are used to benefit
soctety. While we should be careful and
thorough in our research efforts, we
should not become overly tmid. It is a
characteristic of science that the
perceptive resedrcnier often sees the
answer before he has all the proof in
hand; sometimes, we should be willing
to push for the adoption of research
results, even though all of the jigsaw
pieces of the production puzzie are not
n place That s whoere the creative
research mtegrator comes into the

SIS VIeN

CIMMY T's rescarch hins been largely
unfettered by restnctive bureaucratc and
political constraimts, has been adequately
funded, and s sunported by an excellont
mirastructure of expernent stations,
laboratonies, and mformation and
administrative services. The Center has
also had excellent collaboration with the
Mexican INIFAP/CIANO Wheat Research
Program and support trom the Sanora
fovmers” arganizaton (Patronato) that
helps 1o sponsor wheat research This
environment has resulted in high levels
of motivation and commitment among
the staff. It has permitted scientists 1o
focus their encrgies on the research
agenda at hand and the resulung
successes have given the agricultural
rescarch profession greater credibility
and status in the Third World

While | accept the fact that CIMMYT
cannol be irvolved extensively al the
grass roots level in production-oniented
research in the 100-plus countries it
autempts to serve, it s essential that the
Center < view impacts on farmers’
fields as *he primary measure by which
they judge the success of their research.
Contact with the producer is essential 1o
keep program priorities on track and (o
maintain the Center’'s practical
orientation. Moreover, such contact
mitigates the erosive effects of the
dangerous institutional viruses of
affluence, oversophistication,
overspecialization, and cormplacency.
These viruses, which are widespread in

research institutions, are highly
contagious, lead to early ossification, and
are often lethal.

Center staff view results on farmers’
fields as the primary measure of the

success of their research.

And to the CIMMYT

Staff and Families

Briefly stated, our destiny as agricultural
scientists is to fearn about the known, to
discover the unknown, and 1o
communicate our findings effectively.
Excellence in each of these elements is
essential to our individual and collective
success and for our work to benefit
humankind. The protession we have
chosen 1s not for the faint-hearted:; 1t
reauires involvement and it is a
demanding taskmaster: 1t cannot be
delegated v zry far. Nature often
manifests small differences in subtle
wavs. She gencraily whispers rather than
spears in e loud voice. This requires that
seientists maintain intimate, continuous,
personal contact with the research
program if they are to discern and
interpret the minor difterences in the
complex biological systems with which
they are concerned. It requires ‘ravelling
extensively, often iiving under spartan
conditions, and involves long absences
from family and friends. At certain peak
work neriods, it is necessary o ignore
the normal working hours of the c'ock,
as well as the normal working days of
the veek, in order to complete the task
at hand. But there are, | believe,
gratifying compensations. As | reflect on
the adobe shack with the tar paper roof
in Chapingo where CIMMYT'g
piedecessor program was aunched 43
yeats ago, | am amazed at the collective
tmpact it, and the subseqguent programs,
have had on the improvement in
agriculture, first in Mexico, and later in
many countries of the world. The road to
success has been difficult, sormetimes
frustrating, and sometimes bumpy and
hard o negotitiate. But although the

25



struggle to achieve -na target has been
demanding, it has .« aaght 3 better life to
untold miltions

While CIMMY T's new training,
conference, and information binlding can
help to increase the effectiveness of the
Center’s work, the building s only o
means and not an enc ooselt. We most
wimately judge our worth, not by ihe
facilities or budgetary 1osoures that we
have, or by the namber of loamed
papers we wiite, but by what wee
contnbute 1o the raoroverment of
agueultural proguctinaty i
crvironmentally sustamabile ways i the
Fhirdt World 1 hiope that your order of
prionties wili ahwvays be anmed at the
mmportant food production problems and
that you will not be distracted by the
pursint of wlusory aoadenme botterflios,

et fattered 1o have thes magnificent
buiding narmed i my honor However, |
am g reabsiather than o sentimentahst
Fknow that memoenes are short amd that
names, whether cmbossed m brongsis o
stone, soon fade anid beeome obseure, o
not meanmgless For te past four
decades | have been poiicged 1o cany
forward, 1o many parts of the world, the
toreh which was it to gude miy way by
the late Drs EC Stacman and J G
Harrar. This torch was 1o foster
agneultural teseareh, extension, ane
production and it has been fueled by the
educatien, broad exurnence, motwation,
enthiusiasm, and vwisdom that these
legendary scienbfic {igares gave me

s my hope tat i this ey building
new torches wall be it amd carned
torward by a now generation of seentists
o continuc the worldhanda crusade
agamst hunger, human aasery, and
ignorance: Moroover, its my hope that
sometime i the future there will have
emerged through the portals of this new
edifice an individual  wno studied and
worked here as g voung maize or wheat
traince. a predoactors o pastdoctoral
feilow, a visiting seientist, or a staff
member - who goes on to win the newly
established Wortd Food Prize.
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| have struggled for fifteen years to find
4.8ponsor 1o establish such a prestigious
nrize for agneulture and food. In May of
1986, this dream became reality when
Generat Foods, Ine. announced the
estabhishment of & Waorld Food Prize,
couvalent i monetary value 1o a Mool
brize, which will be awarded annualiy,
begmning in 1987, 10 an indiaduat
whose work has made the groatest
mpact on the mprovement m quantity,
quaiity, or availability of food. The prize
can be awarded for outstanding
contributions to any bnks of the food
cham.

In closing I want to cxpress my grattude
o the hundreds of scientfic collaborators
and fnends wotldw:dn that | have had
the pleasure of knowing and werking
with over the past four decades. Without
vour collaboration, e could have

been accomplished i agricuttural
improvement. Forty years ago,
mternathonal cooperation in agrcultural
research was nonesastent, swhinaas today
i contnbutes greatly to nmproving the

worldwide fven so, | beheve

Cooneration n aguenttue sl research must
be strengthencd and evpanded if we are
to stay ahead of the population monster.

Fo all of you from many countiics where
I have worked under the tardicap of not
beng able 1o speak o you in your
mother tongue, or, because ol ignorance
on my part, have commtted cultural
errors 1 ask vour forgiveness. Without
exception, desoite all of my iimitations,
you have made me feel ot home i your
countries. Many thanks. And fimally, to
my many Moexican inands who have
provided me a second harme, in which |
have spent much more tan hait of my
e, happdy working with your scientists,
technicians, educators, government
officiais, and farmers . vlease accept my
maost heartfelt thanks.

Fimally, may God bless and speed you,
the CIMMYT statf, in your important
work, which s vital to the well-being of
mankind, to the survival of civilization,
and to the continued progress of Homo
SAPIENS.
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The Green Revolution

M.S. Swaminathan
International Rice Research Institute,
Los Bafos, Philippines

The term "Green Revelution” was
cotned in 1968 by D William S, Gaud,
Ditcetor of the US Agency for
International Development (USAIDY This
pirase anmediately found widespread
acceptance becavse of the dramatic
tnpast of the sermidwart wheat vanotios
onginating from the Rockefeller
Foundation-Government of Mexico
Program (e precursor of CIMMYT) and
nee vaetes ongmating borm the
International Riee Rosearch Institite
(RRI. For exampic, in Indisa whont
production rase iom the provious high
of 1.2 mithon tons i 1964 to over 1/
mihon tons m 1968 The yoars 10665
and 1966 saw wilespread divught on
the: Indian subeantinent A potential
famine of dicaseous dimensions was
averted mo 966 by the importation of
nearly 10 nidhon tons of wheat, most of
which wis suopbiced by the United States,
of Amwenca under e PU B0 program

in his own nitable stvle, Boraua,
whose name vall find a permanent pliace
Inagneuliural history o1 his role i
thggenng the wheat revolution n many
developing countnes, has aiready dealt
with recent accomplisiiments in
improving the productivity of maize and
wheat. | do not tharelore wish Lo repeat
what he has said so etfectively and
clegantly - Instead, T wish to deal with
Sorne assues connected with the Groen
Revolution which lave been m the
forefront of pubhe debate in recent
years. | shall confme my discussion
rgely 1o wheat

History of Some

Past Agricultural Revolutions

The words “agricultural revoiution” have
been used to describe impiessive
progress an crop production in many
parts of the world and at difterent tumes
The history of the agricutinal revolution
in Western Lurope has been desenibed
by Grigg (1984} in i recent article
Another author has dentfied four slages

in the British agricultural revolution. First,
beginning in the 16th century, a shift
took place from subsistence to
commercial farming. Second, the
muoduction of new crop rotations as
well as hvestock improvement occurrad
carly in the 19th century . Third, the
ponod between 1820 and 1880 was
china tenzed by the purchase by fanrers
of ciattle feeds and artihicial tertiizers and
Dy onvestrnent nonew buildings and
dramage. The last stage, after 1914,
saw the introduction ot the tractor and of
labor-saving machinery. Thus the English
agacultural revolution that was thought
to bea short and =harp break n the
history of Enghsh farming has now been
stretenad to caver some 300 years
Because there was no precise defintion
of what an agricultural 1evoiution imples,
it has been described as the tansition
from vaditional husbandry practices e
modern scientific agriculture

What tnggers the transiion from
trachtional practices to modern science-
based agncultuie? Histonans of US
aqgrcutture say that hybnd maize which
gave two 1o three times more yvield than
open-polinated varneties tnggered tho
change in the 1930s Faimers who took
10 hybrid maize adopted improved
management practices not only for maize
but also for all the other crops they
grew. Semidwarl wheat varielies
onginating from CIMMYT had the same
mpact in parts of Indiia and Pakistan. For
example, Punrjabi farmers both i
Pakistan and India, who started
appreciating the value of improved
nutnent supply and wate, management
practices for senwdwarf vaneties of
wheat, also extended improved
manaqgement practices to tce, potato,
and other crops included in the wheat
farming system. Thus the area of the
wheat revolution also becarne the area of
the nice revolution, the polato revolution,
ete. The role of catalysts of change in
the atutude of farmers is obvious.
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Progress inimproving wheat yields
between 1750 and 1980 i some
countries of Western Furope s listed m
Figure 1. The sharp increase i vield
observed dunng the ast 5O years 0 the
countnes included m Frigure 1 s lnrgely
due 1o the soprecedented nse in the
consumption of artdicial terulizers, the
adoption of tagh yielding cereal vaneies,
and control of pests, diseases, and
weeds. There has been a sharp increase
mn dabor produc ity because of the falin
the labor farce as g resalt of
mechanzation

Itas of inteneat that in several developing
countoes dood output has mcreased even
rore tapdiy thanon Furope dunng thie
st 20 vears I spite of sach
spectacular propress we should view the
Green Revolition as st the finst phiase
of a new craoan ttopeal aned subtiopieat
agneulture

Ihave spent some e goimng into
history beciaase some cntics of the Green
Revolution have: tied 1o insmuate thit
the new techinologes associted with thie
Green Revolstion, such as the
inttoduction ol genste stiains of wheat
and nee that resnend well o good sol
fertdity and waten management, have

Yield (metne 1ons)

been specially designed to promote the
cormmercial interests of multinational
compames. Recent advances i Indian
agnenltare will dustiate how the Green
Revoluton m wheat and nee was really
brought about by o o of evolutionary
steps

The Wheat Revolution in India

Fhe penod between 1947 when India
became mdependent and 1960 saw
three mapoe evoluhonary sleps i
aqneuitural plannimg and development. in
e tnst phase, from 1947 1o 1960,
considarable crmphases was placed on
the development of intrastncture such
Anctural roads, sehools and hospitale,
ngaton proects, and manutacture of
[he second phase,
from 1960 to 1965, saw the muoduction
of anotenseae agneaitural destiet
progeam GADPE wineh was designed to
inttoduce a package of prictces such as
the: cutivation of improved vaneties and
appcaton of fertilizers and pesticrdes in
areas with assured sngation. The
Upackiage program,”as it vaas populariy
calind was introduced s areas with
dassured nngiation so that the benefits

maneral fertizen,

Unfortunately, the results dunng the first
few vears of this project were

400+
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Figure 1. Wheat yields, 1750-1980.

Sonrce B Mitchell (1975), Bennett (1935); Toutan {(1961); FAO (1963, 1980).
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disappointing because it was soon found
that the “"package’’ lacked genetic
strams that could respond effectively to
ingation and ferulizer application.

This deficiency in the package program
was resolveain 1966 when the high
yieldmg vaneties procram (HYVP) i
wheat, rice, maize sorghum, and peml
millet was inttoduced. The " .gh-yielding
wheat stransanitially mtroducea ander
HYVP came from Mexico; i the case of
neie: some, hke 1R8, came from IKR and
others had been cither developed locally
orantroduced from Taiwan. In the case
of marze, sotgham, and millet, hybrids
developed ander the respective All Indin
Coordinated Research Projects of the
Indhan Counail of Agncultiral Research
HOARY woere int oduced

Thee waheat revolution was the fiest to
There were several teasons for
trus sty ancthe Punjah where the whent
revolution began, land consolidation and
fevelmg, tural cornmumecation, and rural
clectfication had abeady made much
progress betore the new technology was
mtoduced I addition, Pungabr fasmers
werte owners of the lana, with the tesult
that they had o longtenm nterest m the
development of fann infrasttucties. This
15 cvident from the rapd growtn m
farmer-owned tubewell ingaton
Unfortunately, such preconditions for
new technologies to take root and
spread rapidly did niot exist i many
other parts of Incdhia Hence, reqgionai
chsparities in the spread of new
technology became prominent. For
example, the average yield of wheat was
3288 kg/hia i the Purnab, while 1t aas
643 kg/ha in Karmataka dunng 198484

acet

Fhe growth rate of wheat production in
Incha botween 1967-68 and 1980-81
wis ot than double the growth rate of
production of aii grains. The contribution
ot wheat to the total food grain
production m the countrv increoased from
about 12% i 1966 to nearly 30% now
The 1985-86 wheal production is
astunited to be atound 46.5 1o 47
mithon tons. Such spectacular progress
would not have been possible if the
goveinment of India had not provided (o

farmers a remuneiative pnce and assured
marketing arrangements . Agriculture
moves forward on a sustainable basts
only when mutually reinforeing packages
of technology, services, and public
policies are mtoduced

Agriculture moves forward on a
sustanable hasis only when mutually
reldlorcing packages ot technology,
aned publhic policies are

SOV OO,
, I N ./
titrovlticed,

Progress in Other Countries

Borlaug 11985) has descnbed the
progress made by several countries in
improving whest production A fow
examples suffice to indicate the extent of
progress made

Pakistan, smce 1966, has increased
wheat production from about four million
metine tons to aver 13 milhon tons in
1983, an increase of more than
threetold . Yields have more than doubled
i the same penod. Although Pakistan’s
nce production s only about one-fourth
that of 1ts wheat production, it has been
a nce exporter for the last 12 years

Turkey nas more than doubled 1ts wheat
production i the last 10 years and has
again become a modest exporter.
Bangladesh, although still a small
producet of wneat, nas made
speclacular progress inincreasing
production i the last five vears, growing
wheat after nce or jute.

The People’s Republic of China has
made striking progress in increasing
cereal production during the past
decade. It has long been the number one
natnon an nice production and ranks
second only to the United States in
maize production. In 1984, China
harvested 87.8 million tons of wheat and
thereby displaced the Soviet Union,
wiich harvested 76 million tons, as the
number one wheat producer in the
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world. Most of the wheat grown in China
is from winter vaneties; however, the
dwarf Mexican spiing wheats have been
used commercually i the south (along
the eastern coasty where winters are lnss
severe, and m the northeastern provinces
{espeoally in kannl, where they are sown
n spring

CIMMY T's annual 1eports during the past
15 years give anadea of the impressive
progress made by nearly all wheat-
growimmg developing countries

Hotinoe &

e evoittion
We can now diaw a balance sheet of
this fust phase of the Green Revolution
First, a most important gain dunng this
phase has been the generation ot self-
confidence i many developing countries
with regard 1o then capabibity for
achieving food self sutficiency

Phnse bor the

Fercent

Second, agriculture has achieved a
mgher social prestige, and it is now
widely realized that modern farming
requires not only brawn but also brain
ttechnology) and bank {(financial and
o'her resources). This realization nas led
to enhanced support for natonal
agricultural research and extension
systems and a greater flow of credit to
the fanm sector. Mast politicat leaders
now realize that a dynamic agneultural
production program: can neither be
mitiated nor sustamed without the
support of a dynanue natioral agricuftural
research systermn

Thud, the population-nch but land-
hungry countnes of South and Scutheast
Asia have been able to increase
production through a vertical growth m
productivity, tnanks to the rapd spread
of high-yielding vanetes (Figure 2).

6566  67-68  69-70 @ 71-72  73-7a
74-75  76-77

Year

66-67 68-69 70-71  72-73

75-76  77-78  79-80  81-82 |

78-79 80-81 82-83

- == Bangiadesh, Inda, Nepal, and Pakistan
=== Bangladesh, Burma, India, Indonesia, Nepal, Pakistan, Phitppines, Sri Lanka,

and Thadand

Figure 2. Estimated proportion of area planted to high-yielding varieties of wheat
and rice, South and Southeast Asian nations, 1965-66 to 1982-83.

Source. Dalrymple (1985)
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Fourth, o lugher intensity of cropping
could he achieved marmgated and
assured ranfil! areas because of the
avadatnlity of photopenodan: ensitive: and
hnet-duration vanehes, bor veearmple,
wheat acreage o Bangladensh capanded
from about 120000 baom 1974 100 maone
than 600,000 aqan 1983 APl of the
annvai wheat crop m Banaladesh b
planted m e witor
Nowvenber
ar qute Adtogethier sy iatations ke
nee potito whieal, cotton aawheat, and

VEALON, STt i

foliowvw g the bBareest ot

sugarcancewhient hecarme possibae
Conseauently, piant breoders have
ditted miarang selectons based on e
th tathier o per crap nrodnetivity
Pt soveral deselonmeg countrnes could
Slart beniding totionai tood secunty
purehire of

Iricha, which
G ton o whieat in

VST Dased oy e
SULEIIS Banme gronyn bt
snported 10 malin
Pty e
L0 malnon twens by 1977 manndy wil,
focaity groven aeed purchased whoat The
government of Indhia’s gram stocks now
crceed 30 mnhon b These include
e quantines eedead hoth for tood
secunty and pubhc distnbution

Dt granm ree e oF O

Finally, thee oldd e o the alliterate
farmers ot dnder and other devieloping
countties would not casily b ablbe o
Lt e o new technolowes nas been
disproved Devenping country
whether Sitetate o idhterate, have showwn
that they will teadily adopt improved
produaction techmgues and high vielding
vanehes b thesy are convineod tha® theao
A el 1o improvee

e,

new technologee.
ther aneomee and standard of e

Impact of the Green Revolution
What hies boens the nnpact ot the Groeen
Bevalution on the poncipal members of
tho gneultiral prodaction team?

Impact on National Food Security
Wheat has become the anchor of the
mational food senunty systems of India,
Pakistan, and several other developing
countnes Hence, b wall bo useful to
consider this relationstup in some detand
Food seeunty has been defined by the
Food and Aqrcaltual Organization (FAQ)

as physical and economic access to
tood tor ol people at all tmes.” This
defimtion implies both adequacy of food
supply and access to food for all human
beings, inespective of ther economic
status nother words, food security
requires mtegreated polices for
produchon, distnbution, aned
consurmplion

[he old view that the illiierate farmers of
developig countiies would not easily
ddoont new technologies has been
isproven,

Progressan wieat modue ion helped to
desttoy many mythes ardd doomsday
pedictons For esample, 1t destroyed the
miyth that Incdia con never teed itself
(Paddock anda Paddock, 1967). It
destroved the myth hat agncultural
evomton in developing countries has to
be o very slow nroeess and thit
tesolutios a Ccrop production are oot
casy because of the very Large number
of small scale fanmers whose active
ivolvement s essential to make such
revolutions possibte. Thanks 1o the wheat
revolution, India could start building a
rehable national food secunty systen,

Impact on Researchers

Research s o key component of the food
production systen 1t determines 1o a
constderable extert prosent ievels of
potential productivity and mdicates the
scope for rasing further the production
potential for the futine In additon to the
prestge and self confidence that
dagricnitaral scientsts in deveioping
countries ganed following the
ntroducton of tugh yielding vanetios,
five more lastmg benefits have been
ubtined

Frst, the need for muttichsciphinary
research became obvious. Scientists
began 1o appreciate the et that purely
discmlme-centered 1esearch would not
take them very T momproving the yield
of crop plants. In India, soon after the
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introducton of hgh-yielding wheat
vareties, it bhecame clear that several
basic changes in Ggrononue techmgues
were essentiab for thie nesy strins 1o
reveal thesr il Vg cotential Some of
the changes coere shallow sowing,
apphcation o Lest aragation at the croawn
OOt mitiation stage, sodt apphcation of
tertdizen, and othernt woed contra!

1T the political will exists, the pece of
agriciltural progress can be accelerated.

Second, scentists sow the advantige of
multilocabon testne to arve at nediable
conclusions miote quaesyy Feen during
1963, the b oo of imtrodac oo mto
Incdict of forn s it wehieatl vanmties
from Micwoo, e
Sonorg G4

Lhaonorg 62

REROE
My b Lo Ropo
GA-AY wre et Db Dadiianag,
Pantnagar, ko Py and indore
The folloveing eon T tentimg weas done
AU IMany tate o hones aineg 250 tons
of seedmpontest toan feacn Basedd on
o e deta brern rmoaltiloc ation
testng, the deceson weis mgde in 1366
ampart 18,000 tons of seeds of Lern,
Rojo 644 and Sonora 643 rom Me aea
Subse quent cvents toaee confaoned the
wisdorm of this deaon

Thud, the wade adaptabiiny of the
Mexcan senndwoard wheais rovealed the
value of shuttle brecding tochngues
volving diverse cocnonments i the
development of et sath waidoe
adapibon

Fourth. cvenagnnge of gonetic maternals
and thear testing o
observation and eeled pretes ponmitted
hrocders cuversediene 1o shate the best
Ihise

Siternationd

avaditble getne poot o the vord
NuUrseries Siso nedpeo prrosacdes oy
WA Ot podetitial st aned s
problers

Fth, aqgncalmrs ooecanc bominagers
realized that unbess persenned policies
werentraduced to bl attract and

retann giond soentsts 4 was not possibie
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to meet the new challenges which
constantly anse when agrnicuiture starts
moving forward Pohcies that promote
hetong speckilization by scientsts
became essental to build strong national
research systems

Impact on Extension

Workers and Mass Media

Betore the mtaduction of the tugh.
yielding vanetes program, estension
worhers 1nosuch coanties as Inda had
almost nothing to extend, either by way
of new knowledge and stills o the
MPULS NECeSSary Tor merensing
production The Green Bevolution
enhanced e prestige of esctonsion
workers and ted to the synehoomzanon ol
etforts to tanster Lnowiedage and supply
mputs Furthernmorne, e feedback
process between extension and tosearch
workars was strengthened and botn
aroups started tespecting cach ot

Impact on Political Leaders

The Green Revolubon showed that of the
political will exists, the pace of
Agneultural progress cian be acceleated.
S the populaton in most doviloping
couitiies s predommantly taral and
SIBCe agneullure ¢y the major occupation
of rurad people, pohtical leaders realized
that they now had an oppottumty to help
nprove the guabty of e of the rual
population Consequently, agranan
reform and taral deveionment measures
stared 1o receve greatern attention at the
pohitical toved

Impact on Consumers

Consumers have probably denved the
masimum benelit from the progress
made durmeg the ast 20 years m the
production of swheat and nce Tius s
because m oy meome countiies the bulk
of adjustment o fluctuaton in food
supphes s riads by the poor | quote
John Mellor's Foroword o International
Food Foley Resoareh Institute (PR
Hesearch Report Moo T8 (1980

In low ncome counties the bulk
of adjistment to Huctuation in
food supphes s made by the
poor The duect price and
mduee {4 rployment effects of a
10% dechne in foodgram



supplies reduce foodgrain
expenditure by as much as
40% in real teime for the
lowest 10% of the income
distribution. In contrast, with
the same dechne in production,
the reducton n foodgrain
expenditures s only 1% 1n real
terms for the top 5% of the
mncome distibution. And yet it is
the poor who are least able 1o
withstand such pnvation. The
poor spend such a high
propotton of then ncome on
food that pnce mcreases
nduced by shortages qreatly
reduce then capacity to huy
foodgrans, whereas the more
weli-to-do cotmpensate by
spending iess on other goods
and services, thereby further
decreasing the mcome of the
poor through reduced

Wheat poce (US S/t
240~

2204
Hard Amber Duruin
No. 1 Minn.

2004

Hard
Red
1604 Winter
No. 1
Kansas City
~

1404
1204

100+

=TT
I I m I
1981 1982

Figure 3. Wholesale prices of wheat in
~{ne United States, 1981-83.

employment. Because the food
itake of the poor is already so
close to the minimum level,
supply shortages result in
increased malnutntion

Thus one of the most important
actions that can be taken o
improve conditions ior the poor
1S 1o reduce fluctuation in food
prices and supplee:s

International prices of wheat and nce are
stli declimng, nartly because of the large
stocks in the world and partly because of
the targe subsidhes binng given to
farmers in devidon:d countnes (Figure

3)

Literate or not, farmers are sound
economists. To them, seeing is

betieving.

Impact on Farmers

Uttimately, 1t s farmers who decide what
to grow and how to grow it, when 1o
sow, how much to invest, and how to
market their crop. All others can only
support the farmers. In many countries
of South and Southeast Asa, because of
very small Tand holdimgs taverage farm
size ranges between 1and 2 ha
countnies ke Indi), the active
partcipaton and assistance of a milion
farmung famibes may be necded to
produce an adaitonal mibon tons of
whedat o nce. Farmers have shown that
they will teadilv b to new technologies
provided they ane convineed that such
technologies will merease their ncome.
Whether Ierat: or diteati, tarmers are
sound economists. To them, seeing s
behoving. This s why the National
Demonstration Progriatime organized in
Incia i 1964-65 and in later years was
so very effective i convinong farmers
that they were entenng o new era in
wheat yield. These deronstrations were
lnd out by scientists v the frelds of
small-scale farmers. The choice of small-
scale farmers for organizing
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demonstrations 1s important, because
higher yvields obtained by irge scake and
affluent farmers will be attnibeted more
to then hinancial Stnas than (o
technology

Foday, barmers iy boih deveiopmg and
developed countnes tace senous
ceonoime oroblems Developing
countres will higve 1o organize
PPLOpHate Sock securty systemes for
small-scale frmens 3 proauction s o be
sustamed at the needod fovel

Phase I of the Green Revolution
Winies the positive gains have been
Mmany, thire has been senous concern
about the ceonoroe and ceologicdl
sustamabuhity b the fngh yvield
technologies aunocuted with the Groen
Revatution I adehiion, the accessabinty
of nevy technologues. o siaiholders has
Also been guestioned . oy ot these
doubts arose follovwmg the steep
escalitbon from 1972 anwards e te
prce o npuds bascd on tosse fued
derrved foedsinee s

Pwould wbe o deal wanh o fowy of these
sty Howereen, betore gomg nto detad
ight be worthiwhile to diiny attention
to the recent projecuons macte by PRI
on the food requirements of the Third
Workd up to 2000 iPauling, 12861 A
trend scenanio of the tood situation m
the year 2000 based on data from 196
to 1980 for production and 1966 10
1980 tor consumption propects o Tard
World production shortia't « basic tood
stapies of about 70 nolivon tons 17
mthon tons cachiding Chinan Thes gap
represents about HYg of the Thind
World's propcted demand 1on b tood
staples i the vear 2000 anid e ane tard
farger than the food deficit of develapmg
countnes in 1980
tne to relinom ot efforts W merease
food producton, 1o quote o favonte
sayimg of D Boroug

Fhere s thensfore no

I shall deal with e crncrging ssues
three parts first, those dealing with
increased whical prodoction on a
sustamable hasis, second, those deahng
with the cconomic well hemg of whent
forrming farmibios, and finally, with
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mnereasing tie consumption of wheat by
ther raral and wiban poor. | shalt conclude
with descriing some of the major
scientific challenges that CIMMY T and
nationagl researeh oystems will have o
face i the comimeg decades,

Producing More Wheat

A populan misconception aboul high
yielding canelies of wheat and nce s
that they cannot be grown without heavy
mputs ol fertizers ard pesticides. All the
avalable dat show that the senndwarf,
gh yieiding varicues of nee and wheat
as well as sorghur nybids can vield
mote than the old tallh vinctes at all
levels of nitogen appheation This s
because of the abuity or the figh-yielding
vaneteas o partiton mote of their dry
matter o the formation of gram (Figure
B Dunng thes century, mnch of the
progress o mmproving yiclds of whoeat
and other crops has come primanly brom
the umproverment of the grim harvest
ndex (Figure 51 While the per capita
avatlability of arable land s guing down
N many Asian countres, the propoartion
otarmgated area s going up (Figure 6)
Thercfore, there s need for optmizing
the benehits fror water through
synergetc anteraetions hetveeen nutients
and vaneties The relovance of hagie -
yielding vaneties will increase with
capansion ol irmaation and escalation in
the cost of mineral fertizers. In ths
context, the results of the waork of
CHAMY T i bringing about o continuous
nnprovement mn yieid are of groat
Hnportane e thgore

Ihose who advacate going back to old
Vaneties and old technologes, which
were quite relevant when the pressure of
popuiation on land was low, will be

Table 1. Nitrogen {kg/ha) required for
4 t/ha grain yield with varying protein
content

Protein content {%)

1256 13.75 15.0
Grains 80 fete} 96
Straw 20 29 32
Total 100 117 128




doing a great disservice to their countnes
by creating the impression that high
yields can be obtained with varieties that
arenetticient in the utihzation ot
nutnients. The nutrient requuements for o
4 tha wheat crop at thiee different
proten fevels are given m Table |
ntermnational pnces are very much

The

Yield (t/ha)

mfluenced by proten content and grain
quatty {Figure 81 Therefore, the supply
of adequate nutrients is essential for
improving vield ana guatity What can be
done, however, s the partial teplacement
obt mineral fertdizers with farm grown
broterthzers Green manane crops such

as the stemy-nedulatmg Sesbarn.a rostrata

5 — e —
1 —
4+ Modern .
(with fertilizer)
- """“—_QT —————— “‘\N
3 o N
Traditional e
{without fertilizer) i L PRRIRORP
24 .
Rice Rice
™ India - Philippines
1 I 1 I Tt T 1 1 1
50 100 50 100
4 -
———
3_
2 —__________..-—-—"'
—-——’"’
A
]_.
Sorghum
India
T T T ! T T T T T Y 2|
50 100 150 200 250

Figure 4. Yields of rice and so

Source: CGIAR (1986)

Nitrogen apphed (kg/ha)

rghum with and without fertilizers.
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deserve greater attention {IKR, 1986)
Most of the Ingh yiclding vanictios Heave
buldtan resistance 1o 6 brosd sptee tratn, of
pests and pathoaens nciger, e 1y, Ny
acceptance of sermdwar! winteal vateles
received from Mesico D o

1964 65 was in part due to then
TesIstanee Gomion, ot the raees of jegt
Al STpe s

nportant

TN ety Thien

To develdon o o ity dor fere e
nereastig oradaction, the ?{1!1()\\‘!11(; e1ght

tems deserve gttention

1. Characterizing environments and
tailoring varieties and management
techniques to specific growing
conditions - To derive full benefit from o
given environment, detanled work will
have 1o be dore aiong the Ines of the

analyses imdicated in Tables 2 10 6 with
regard o afferent wheat ceologies n
Indis The production constiamts and
research needs indicated i Tables 2 1o 6
ate nether complele nor comprehensive,
but they alicsiate the bind of detaiied
WOtk e oy deterrninmg research
pronbes and steategee,

Fortunately, rocent drhvances n genetic
engmeetndg poovide an opportunity for
TELSTCIHNG QeTes auions soea! barners
and for producirg nevs recombinants
Wheat scientsts should derve MM
beneht rom e mow ORPOTTLIMteS now
open tor guenerating varsdaity throunh
tssue cuttiee and genetic CHQINEeTIny
techmigues SSwannatian, 19861
Hecentiv if has been shown that the
bactenal chioramphenicol
acetyltransterase (CAT) JENe Can express
selt i protoplasts of wheat 1Ou-Lee,
Turgeon, and Wu, 1986). In Canada, «

Harvest
index
(%)
] 169 i Biclcgical yield y,
45 551 =~-===Harvest index /
— =+~ Grain yield e
s
N/
144 7 V
- Y
30}
359 £ A% 454 —
5 - //\ f
3 - A
=124 = //./
13 - /!
g -4 ‘LZ: /~~*~\—-—’——‘\\\\ /,-/
= = /7 - ~
O / - . /
254 @ 354 / L . /
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10" \\\\ // R -
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- _ X4
- -~ /
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Figure 5. Trend of varietal grain yield in relation to its twe parametars, 1910 to

1980.

Source Kudshrestha and Jain (1983)
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high plant regeneration efficiency has
been reported from immatire embryos of
Neepawa, a widely cultivated wheat

Viarety

2. Improvement of durum wheats A
ror sdrort s needed o oarprove durnam
wheatls Do tarpdian var . doran)
Flnopii, considen:d 1o be a conter of

Atabliz Grea por caput

D1975

06

04+

0.2+

Nisar Fast

Irngated arca, mia

1201
D 1980
]
S 2000
80
407

Fean [nsl Near E'lst

osigin of wheat, has a ciimate similar to
that of peminsular India. The wheats of
this region untit recent years were almost
alt tetraploids, mostly duram and emmer.
Ihe essental absence of hexaptoid
wheats suggests that dutinm wheats are
more adaptad 1o tigher tompoeratunes
thiny are bread wheats (Traicurn
aestivim) . The durum wheots have a
large mass of awns relative 1o total spike
mass. This is helpful, because at migher
tlemperitues the photosvnthesis system
of awns relative 1o leaves s more stable.
Ad tughur temperatures the rate of grain
filing i durum vaheats s much tigher
than in bread wheats tnoview of these
adaptations, tetraplowd wheats must be
screcned with greater vigor for
cultivaton in central India. The disease
andodagimg suscepubdity of earher
duram wneats s no longer i senous
probicoo ot the avadabihty of discase-
resestant and semmchvart vanetes, Durum
whiedt can be nnproved furthor by
mcarporatng qenes for disease
resistance rom vald relatives as well as
frone Todestivum. We also need to
ennch our germaplasm base by cotlecting
durum whecUhnes hom early cultivation

areas

Yo lrngated area

454

304

15

B

Far East

Figure 6. Proportion of irrigated area, Far and Near East.

-

FAO

Source
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Yield (t/ha)

8_
Genaro 81 (Veery'S’)
CIANO 79
7 Yecora 70 o @ Pavon 76
Jupat 73
Siete Cerros 66 vpateco
Nainari 60
64 Pitic 62 T W Sonalika 68
@ CIANO 67
Yaqui 50
5
j{
0 7/~ T T T T T T =
1950 62 66 70 74 78 82 86
Year

Figure 7. Average yield of Mexican varieties under favorable management

conditions.

Source CIMMY

Price, US $/MT

200
13.5% protein
{Canada-West Red Spring No. 1)
180 /
1604 —_
\\\
Ordinary protein \\
A-Hard i .
140~ (USA-Hard Red Spring No 1)\\\
120+ ;
/
/
/
i00 T ! T T T
1976 78 80 82 84 86

Figura 8. International prices
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as influenced by protein content and grain quality.



There is considerable variation in protein
content of dururm wheats. Studies at the
University ot Nebraska indicated & range
ot 7.3% 10 21 7% with 4 mean of
F2.75% and SD of 2.86%. The lysine
content also vaned from 0,299 (o
0O.59% 1t should be possible then 1o
breed for tngher protein content. Quite
Tlc:(]lu:rlllv, Anncrease n protem content
leads 1o o calone penalty. Hence, groat
cate shoutd be taken not 1o lose gran
vield potentiab while breeding for g
protem content. The bread making
dauality ol hesaplods s requiated by the
D-genome Selectiive meomporatio 1m
duturm wheats of the D genome’s
Auality reiited Chramasomes such as 1D
miay bedp to onprove bread-makine
Auabty o duram whieat qrion The recont

technigues of chromosome and genetic
enginecnng may help in developing new
recombinants (Payne, 1986).

3. Soil and water care Nature has
endowed many Asian countnes with
quod soils and ample water resources.
The water resources are increasingly
being harnessed tor nnigatien In the last
few viears, the area under irmgated wheat
has greatly expanded. In the Punjab and
Haryana States of India, practicaly the
entite wheat area 1s now under irrigation
Howiver, this resource s not heing
utiized efficiently. The easy availabihty of
nngation water has often led o over
ngation, resulting noncreased probiems
of watertogging, salinty, and alkalinity
tTable 7). The magnitude of these

Table 2. Wheat production constraints and research needs, Northwest Region

of India

Problem

Possible solution

Sowing gets delayed-
yield s reduced

Increasing problems of
waterlogging, salinity,
and alkalinity

Micronutrient deficiencies

Grain quality

Raising vield potential

Weeds: wild oals and
Phalaris minor

Develop short-duration varieties with high vield
polential

[ncrease heat tolerance at grain filling
Increase resistance to rusts

Improve water management systems
{particularly drainage)

[SC JY

Breed for tolerance to salinity
Increase the use of farmyard manure
Promote balanced fertilization
Increase nutrient uplake efficiency
Genelic engineering

Improve dry matter production

Examine scope for fixation of heterosis through
anther culture and genctic engineering

Adopt suitable rotations

Weed control measures
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pioblems canr be considerably reduced salt-tolerant varieties. There is thus an

by improving the on-farm management ncreasing need to identily genes, if any,
of water as well as the drainage system. for salt tolerance in wheat and related
The alternative approach s to develop plants.

Table 3. Wheat production constraints and research needs, Central Region
of India

Problem Possibie solution

Low vield despite increased Synergy in input use--increase fertilizer use and
irrigation area under high-yielding varieties

Short duration Develop photosensitive wheats with durable

resistance 0 rusts
Increase heat tolerance
Unslable yields due to drought Improve moisture conservation

Evolve isogenic lines of varieties varying in root
length

Winter x spring wheats

Low vields of durums Enrich germplasm base and develop high-yielding
varieties

Breed for resistance to slem, leaf, and stripe rusts

Table 4. Wheat production constraints and research needs, Eastern Region
of India

Problem _ Possible solution
High temperature Develop short-duration varieties with high yield
potential

increase tolerance to high temperatures

Poor crop stand due to Develop simi:le machines and implements for
heavy-textured rice soils lillage and seeding
Problem saline soils Improve drainage

Reclamation measures
Develop salt-tolerant varieties
Low Inpul use Increase distribution of credit

Alternaria and Heirninthosporium  Breed resistant varieties
spp. diseases

Good quality ceed Develop storage methods 1o keep seed dry
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Intensive cropping also leads to soil
erosion and consequent [oss 1n native
fertiity. Although such soil duqgradation
problems are not of recent origin,
sxploitative agriculture may accelerate
the pace of damage o soil health
Therefore, we need Lo develop cropping
practices such as minimum tillage to
check the valuable loss of soil rosources
Contimuous croppmg and high
productivity levels alse result i sol

exhaustion, particularly of micronutrients.
There are increasing reports of zinc, iron,
manganese, sulfur, and copper
deficiencies in areas of intensive
agriculture. Many of these problemns are
m part due to decreased organic matter
m the soil and can be rectified to some
extent by increased use of farmyard
ranure. [t will also be important (6 use
tertiizers with an optimal nutrient
halance.

Table 5. Wheat productioi constraints and research needs, Western Region

of India

Problem

Possible solution

High temperature

Increase heat tolerance

Develop photosensitive varieties with durable rust
resistance

Low plant population

Use higher secding rates and varieties with fewer
tllers

Intercrop with adapted crops

Table 6. Wheat production constraints and research needs, Southern Region

of India

Problem

Possible solution

Very high temperature

Stem rust and other
disease problems

Select alternate crops

Develop resistant strains for cultivation in the
Nilgiri hills

Table 7. Annual increase in waterlogging and soil salinity in some irrigation

projects in India {000 ha)

Project State Wateriogging Salinity
Gandak Bihar and Uttar Pradesh 3.50 36.40
Ukai-Kakrapan Gujarat 063 0.32
Mahi-Kadana Gujarat and Rajasthan 3.9C 1.70
Chambal Madhya Pradesh and 7.59 3.08
Rajasthan

Tawa Madhya Pradesh - .1

Rajasthan Canal Rajasthan 3.92 2.65
Sarda Sahayak Uttar Pradesh 5.72 0.94

Ramganga Uttar Pradesh 27.90 50.40

Source: Joshi and Agnihotri. 1984 Indian Journal of Agricultural Economics, v.39.
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4. Plant health - -Eternal viglance is the
price of stable agncutture. In particutar,
constant viglance s needed to quard
agamnsi damage to the crop by
pathogens, pests, and weoeds, Josh,
Singh, and Srivastava (1986) have
described how coertam diseases whirh
were not important before have now
become mmportant i the wheat crop i
Inciiir and wice: versa For eaumple, Karma
bunt (INeovosss indiea) of wheat has
NOW becom? mnpcrtant m nothweston
India, aithough untl recently 11 was
considercd to e o disease of nor
importance. Research on methods of
achteving stable resistance through stech
approaches as multiine hrec g,
cultration of diverse genet s strams
thereby avonding genetc homogenety,
and breedmg for honzontal tesistance
needs to be stespod ap AL the same
tme, disease mortonng ana surveliances
systerns snould be opesr adenuate
Support. This s where e international
observabon and vield nurserics
chstibuted by CIMMYT Gssume particular
sigrithicancs:

5. Increase in protein content \We
have four options avalable 1o incrense
protem content

* Introduce genes for fugher proten

content nto desied lines by

converional hrecding or genetie

Cngmecnng,

® [nerigse the artiionimg of nitrogen
(M tavor of qrams ancreased
nidrogen harvest mdes, aulzation
efficioncy,

* Increase the amount of B forilizor
appeed, and

¢ Incredase e uptake of o ntrogen
(uptake cthcieney)

The hnal gram yaeld and protemn content
ol a4 wheat grann tepresents the result of
anumber of phyaological and thologicat
processes occurtng over the growth
penod. The level of poten can be
ncreased o more titrogen s made
available for plant uptake By providing
unchanged atrogen availatility, protein
yield can be increasod by either
rmproved mittousn uptake from the sol
luptare efficiency) or by increased
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mobilization of nitrogen from vegetative
organs to the grain (utitization efficiency).
A grain yield of 4 tha with a protein
content of 12.6% needs 100 kg N/ha to
be harvested by the crop lassuming
/5% itrogen harvest inde < it the same
yicld s necded with 19% proten, then
the: crop witl neea 1o scivaenge from the
b at least 128 kg Nibao Alteratively
the nitrogen harvest index will have to
merease om 75% 1o 96%  The ttes
rght not be practcal since s likely (o
mduce rapid breakdown of deaf proteins
and ncrease the rate ot legl senuscencee,
thus redacing the grane yield. Theretore,
brecdng for mcn-ased athization
ethemney does oot appear 1o be
practical However | screenang can be
dene forincreased uptake clhcency. To
Soune extent, genetic vanabihty s
avinlatile for this chanacter. Cropping
pracuces that munze natnent losses
should also be standirdizoed .

6. Increased efficiency of farming
systems In Bangladesh, Pakistan, and
northem Indey, nice-wheat rotation heas
hecome predorminant The two Crops
mpearn 1o bo complementary for

ot tmum use of soil resources since nce
denves its nutnents largely from the
surface layers whereas wheat has a
much farger feeding zoni:. Compacting
hght-textured soils for nee in the
monsoon season nught also be
advantageous to wheat in terms of water
and nutrient retention. Despite this
complementarity, wheat yield after rice is
generally lower than after maize. We
have to find out the reasons and identify
solutions. The possible reasons may
melude nee crop residues, plow pan,
turnaround ume, tillage, scodbed
preparation, and delayed nee harvest. Al
of these factors will lead to the delay i
sowing tirne ol wheat. This will expose
the crop at the gram-fiting stage to
higher temperatures, which are known to
reduce yield (Figures 9 and 109,
Therefore, 1ts necessary o dovelop
vaneties having tolerance to higher
temperatures at the gram-hiling stage.
Thuere s also a need 10 breed rice
vinetes chaactenzed by o tigh per-day
productivity whesh will enable the
plantmg of wheat at the optimum e,



We have to reorient breeding programs
1o meet the needs of an entire cropping
systemn, rather than of only one crop in
the rotation.

Screenming for low-maintenance
resprraton might be a good approach
This has been used successfuliy in
soybean and rveqgiass, and theretore 1t
should be possible to select for low
MAINENance respration rates in wheat
as well. Pubescance of leaves ang other
deposits on ieat epidernmis are addimonal
mechamsms by which icab temperature
can be reduced. Smce awns have o
higher temperature optmurn for
photosynthests, selection {or larger awn
mass may be heipful, Heat shock
proteins have recently been identfied m
many crop plants. Thermotolerance s
the: proposed function of these proteims
We will have 1o study if these can be
charactenized and incorporated in
bracding lines without changing then
yield potential. Physiologists and
breeders need o work more closely o
screen both genetic stocks and
segreqgating maternial

In view of the increasing pressure on

land for supporting an ever growing
poputation, we will have to (design

Grain yield, t/ha

2.5_ 19‘ .

20

05

T T T 1
Dec 1 Dec 1h Dec 30 Jan 1% Jan 30
Sowing date
Figure 9. Response of wheat to dates
of sowing in Los Bafios (14°N),
Philippines.

Sourca Aggarwal ef. al. (1986)

efficient land use plans. Crop rotations
will have to receive greater attention
hased on both national needs and soil
productivity maintenance These plans
have to be ccologically sustainable and
economicaly viable.

7. Resistance to preharvest

sprouting-- In the last couple of years,
unseasonal ramnfali in northern India in
Apnl and May resulted in a considerable
tossn gram auality. Often grains
germinate in the spikes. The projected
delay nwheat sowings and harvest may
further increase the probability of gramn
beng affected by ramifall at the tme of
matunty. Therefore, s desirable to
develop ines resistant e sprouting

The phenomenon of sprouting in the
Spikes s a complex process nvolving a
number of steps. Many of these are
atfected by the environment. Two main

Yield (t/hal

4

Kanchan
a4

Sonalika
24
1_.
T T T T T
Nov 1 Dee Jan 1
Nov 1h Dae 1h dan1h

Seeding date

Figure 10. Yield response of Kanchan
and Sonalika at six planting dates in
Bangladesh.

Butier, | (personal communication)
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groups of alpha-amylase 1sozymues are
relatad with sprouting. The two isozymes
appear to bir under independent genetic
control. There exists substantial genetie
varability withy respect to susceptibiity o
sproutrg. A thorough screening of wild
relatives nught lead to the further
idenification of useful gene donors In
the future, we o will have 10 know mote
about the physiowgqieal mechamsms,
paryeularly o relation o phytohonmones,
that regulate the basic metibohc evonts
N the sprouting process . Sanple bat
reliable analybcal toods necd to be
developad that would enable broeder o
tapicy sereen farae numbers of
matenals

8. Improved postharvest technology
Thee morsture content of wheat gram s a
crlical facter brorm boovest untn s
processing Weeat can bee safeiy stoned
for a few monte vl e ot e

content s Beioy, 1o Poeredore, s

NECESSAHny 10 b or eail Seale gonn
drers Laser on o cnerGy aned crop
feesttdines I oy ettt to
deveicn vy, cts ent and et
ceonOtic o oo e b Tt gl
Stotae ot baptter S toa s 0 Soreebirnee,
WATED s pr o The SI0E e vesses,
feading to the sorontieg of e ceeds
Wetneretons necd S neaiporate short
teren Wb darm it an et Seends
Fortunatei o abne et i
Labtabiity et for toe on

Increasing tncome

of Wheat Furmers

Wovedl b ditfic nlt toe desddamng countres
st ek

b ot the

CONSH st e e of the vast

thrsensons o e gndderogtoton problem

1o g bt i

Processitales ey

ot of e oot On the Other
nand, the oot 2a e e e one of
Farirnere o 7y o e Lind reniaines
VO, v, o g devedon a
SUAtea feo pree e the e e of
whoeot
Strategy aree

Yatrner s comiponents of the

o Production cost shouid bie reduced
wathout tedacmig vield For owvample,
research designed to promaote farm

grown subsututes for market-
purchased chemicals ke fertilizer and
pesticides will have 1o be stepped up

o Wheat farmung svstoms should be so
desagned that masimuin sustainable
ncome can be abtamed from the
avallable land, water, dabor, and credn

soontest) the nice

whedt rotation of nottieontem and
castern India, Po-stan, and

Bangliadesh, as weeil as cotton wheat,

POLO wheat, and other crop

TOLAtons that are possthie nades

ragaton, il B to be developed n

resources It

SUCH oy Tl s crons o e
TOTHHON Can prtoni
phivsioiogiealty cHeaat rimner Wae
peed more tesearen onowcheat Liming
Syslems o anpreye e etfieieney of

e systera g 7 vt

o Bonear b g desesapient cHors in
bromass atbhzation tenad 1o be
strengthened Por coampie, o wide
arcay of caoe added peodoc s can b
Proepated nos Srom Stave, eaves, and
qramns Stadies by Bonck and Reven
m Denrnary CHIRE) Lo shovwn il
teres consaderabie vanation i the
chiemicab cndractonsties of the straw,
Onegiteresiing hnding (s it soree of
e piant sampdes have a bigh
producthon of bhoth staion and
celluiose measured as yeld per
heatare Studies gt several mshiutions
m indi have shown that e auality
of wwheat stenw can b fogthe
inproved throuab treatizents with
anhvdiovs aonmone and fertilizer
gradde area e anpontant that the
nesv opporturites novw aselable for
Dreparin:g alue added prodocts from
ey patt of the whoat plant are
stadied caretully, and suitable choces
Are made based on marieting
opportunities

Stimulating Consumption

Sorme dhvetopineg countoes ke India
torer bt up substantal wheat and nee
tesetven gt beavy cost Unfortunately,
the drvaniatule s o soeplie wheat and nee
e s b e ol tenmes of
qeogranbical pread Heovy transport
costa areamvored e mong grnn from
surplus to defion greas



Krishna and Chhibber (1983} have
constructed models for determimming the
needs of the publie distnbution system n
Indicr m good nd unfavorable croo

yoears. Governenent stocks are steacdily
increasimeg and storage losses compotned
the hincncial burden ansing imom cagital
minomhzanon Whatever the cost, the
Guanttes ob gronn needed for sty
Stood seount, resenve el Tor operating
A effeciue nabhe distibution systernn
Ve tiiver o he catared Whiat can

qovsertnents do e e baiance?

A dearibie olgnan o s dilemimeg s

i

the piarroedd tiae o it s e b o

et o patt bt wrane coinponent of

b o dwiopent propects Folicne,

Aot e heceiones ) T anteerating coan
and arm e prebantig the budoget Jor
desantnent propec s I othier ceonde,
A e O o e e Tootbeer trom
thee Eood Yo Weond T G b aned
oot DODCe S G Drocedee, fon g
'h"‘?" EONNTE SEe iy (R LS LI RREE ST ]
HNLOTTNE buaae! tooou e Uinoan qualiny,
oot el bee el b snen an
R e I LT R T M RN LA RIS TATS
P o fec rae gt eteaid of cash
Poekb b o v Shona s Bo o Toedia Ty
A eyt tann by o probiernn,
Dibonyhges, h l<{‘[HH[‘H!iI', Post et [RIRRIARTS
e e cratenoees o b ded

ety ioN 1!

L e )
by, Prigeae 1ot e e
Bewvoiution ol need for it sustendncs.
andd suc ey pbetet o e nosviedqe,

mterve tectnologien gnd biologeal and

chetiae s anpats We oo say that thie
Bt phaee o e Green Bevolution,
sttt are Paob o cndmeg e VARG By
Preipred o chnprone e propteets ol door
ated gQicar gt e te e ity
darnong develepng nations ob o newy
conhidence e then agnoulton
copabntticns We dre novw entenng the
vt phueae cobeere ey problermes, ol

Borce o e faced and soiced

it we nend Lo step U O tesearch
and tamng eoftorts, swhuch can hetp
increase and stabdize e producton of
wheat, imaise, and other crops, and
nnprove the cconomic well boing of

snall-seale farmers through diversified
employment opportunities resulting i the
gqeneration of greater household ncome.

Secend, we snoodd ey 1 rarme turthen
thie cetimng tooaeid aoden wngated
cortihions s contest there s 0
tevival of mterest o bybnd whoat
Rondsorc t1A86) has summanzed the
date of the gt telation 1o hybe
wheat deveiopment A maor factor will
boe the commcon watnhty of hybid
wheal technology  According to Knudson
C13Em o produce: thee same amount of
Seeadaporocanatedy teace as mach land
e neededd for bbb svhea! Sened
Pirodneton PTG, T 20 By s o
corventione whicnal seed saoqgrarme

YR 26008 har Burthne stuthes alone can
Whic e by b weiheat s bk ely o

Db Ottt g teghty

LA LRI

Fhe bartier between poverty and relative
prospenty can be removed more through
the application of science and
technology than through any other
Means.

Hhe vanous tactors mvalved inincreasmg
crop producteaty are sumimanzed i -
papeas presented at An International
Conference on Crop Productivity
Besearch Imperatives Rovisited”” held in
Michigan m 1985 From a stoactly
biological pomnt of view, 1t may be
posathle to increase the vield potential of
wheat fuither b the total biolegical yield
can be mereased by distant hybndization
llowed by efficient partitoning of the
total dry matter o owr legitenmate desire
lo morease yield, we should not sacnfice
resistance 1o pests and diseases. Stability
ol production s cqually important. I this
context, the role of genete engineernng
technigues needs careful anatysis

Fimativ, the Green Revolution m
developing counties essentially has been
a public sector enterpnse. The era of
“gene revolution,”” which Inams large on
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the horizon because of advances in
molecutin genencs s predomimantly o
prvate sector enterpise ain the developod
world The capid sproad of Green
Revolution technologies biecame possible
because the resoarch results wore
dissernated with the <oie motvation of
hedpmg tarmers (oo maerease production
Emciaging technologes assocated with
the troad arca o1 bnotechnology may,
provide opportonites tog adding g
dimensig o' tesource neattility 1o sedle
neutrably i iechinotogy, deveionment

Wi these te vy oppaortonitios becorme
avalatre

developing countoea i the <ame WAy a8

ST Sote Lamers i

e Green Secohition teehnoiocios mthe
TGOS et contest that the 1oje
OF CHANY T s panprnhi, nonpolitical,
Jdutanomon: Oraanation

Divcomes <o o tant tor deveiomng

et

counttn:, Iwu\nu‘ e Comahod e
srenlr o e ed
CIRIYY T oo nedp oy the
henetits of the
Coience andg tecninology 1o
Thes Dt teew oty of thee

hird AWaoridg

AEEAngementa ety
msttution,,
speedy transhor ot e
latest toois of

TR
G,

W T Beee ot crny by it m

s papet Lot oo e poreona!
IvoRemenat moneal researet, aned
production ooer
Chvies ™ Tswort am maanse has been
eaually prince oy According Lo the
BNt tve Sroun an irernanona
AGricuitnrai Hewearen (CGIAT rpact
Study Team, napce canetes denved from
CIMMYT matenod conar s nondlion
hectiares i ovie CHAMY T
Piiapoetio grooap of touze hnes hoas boeen
notable for ooy
INCOTPOE o b e
SO TNy o sgternaln by the
Internabonal Iotrane o8 Tropieal
Agueuttore AT n e e gorvediy beon
recogntzed thecugi e anvard of the
King Bavdon o tor 1986 by the

CGIAR

3O ey,

v
[RIEIEN

o counties

resestine e e

Antatee o treak v

Fhe watl that et preople inang in
poverty from thone whin cngoy relative
prospesty can he removed more thiough
the apphcanon of scwence and technology
than throagh are, ottuer means. CIMMYT,
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by bimging to Third World {arners the
best that nussion onented
multidhsaplnary team research can
produce, bas contubuted to IOV
the well bong of nomerous tural famihies
e topes dnd sabtropies
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Accomplishments and Challenges:

Policy Environment Issues

G.E. Schuh

Agriculture and Rural Development, The World Banl,

Washington, L2, USA

Iam honored 10 be on DroYran,
celebrating the 20th anmversary of thig
strategically immportant mstitution
CIMMY T 15 i symbof of 1he creativity of
man, and at the same e an erimple
of how ntemationa cotperation can
further the wellane of Gl of mankmd 1t g
sad that such Cooperation 5 not more
wrdespread than it now s Bat for's
honor what we have aned congratulite
CIMMY T Gnd it !, not for Having
sturvived for 20 cears hot for then many
accomplishinents i that penoed

Farm also pleased to b invited to discuss
one of my favonte tapics gssues of the
policy envitonmment e assigniment
qven me voas toodiccnss both
accomphshinents and challonges 1y,
pomt of fact, however, | will concentsate
an challengen and deawe thie
accomplshinents to e nandlod by
imphcation dnothat way L ean avoid the
chronie tendency of oconomists 1o e
The military generale, alwavs fighting the
last war, and mnstead tocas on the
future This s unportant, because e
challenges we face m the fotane will
indeca be grent

[ have chosen 1o organize oy omarks
today around six challenge. (1) the
challenge of agncuttnal developrient in
a changod mitemational ceanormy, {2) the
chalfenge of growing abundance, (3) the
challenge of tsing the por capiti
income of il people; (3 the challenge
ol globat pobey reforms: (5) (he
challenge of dversification: and (6) the
challenge of scicence and technology
pohey - At the end Twill have some
concluding comment:

The Challenge of

Agricultural Development in a
Changed International Economy 1
These fast 25 years have witnossed
remarkable changes in the conhiguration
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of the mternational economy, and in the
vconomic forces that dnve it Four of
these changes and developments are of
patticular significance: (1) the growth in
mtemational trade, which s usually
described as an increased deperdence
an trade; (2) the emorgence of g large,
well-mtegrated mtomationat capntal
market, (3) the siult from the Bretton
Woods ficed exchiange rite sys om tha
governed mternational relations m the
post World War I penod 1o systerm of
bloc-Hoating exchange 1ates in 1073;
and () the emergence of a great deal of
monetany instability stiting in 1968

Unfortunately, the sigmticance of these
changes s all too poorly understood,
both by pohevmakers and coonomists
alke. These chandgues havie tuly given us
a New International Foonomic Order,
cven though tisn’t the one the United
Natons Confeience on Trade and
Developiment (UNCTAD) has been
pursung - Fhey bave enonmous
nphcations both for pohcymakers
concerned wath short-torm pohcy issues
and for those concerned with the tong-
i objechves of promaoting agricultural
drvelopment. For these reasons | would
ke to focus for a foew moments on the
mmphications of these changes and
developmaents

Consider the qrowing significance of
nternational trade. \Withy thie rrception of
afew years, mteiational trade his
throuahott the post-Werld War 1) period
grown faster then world Gross National
Product (GNP), but in the decade of the
1970s 1ts growth reatly aceeloiated . In
the case of agneulture, this growth in
trade has given us & tiue internatonal
tood and agriculture system. Agricultie
15 the nost well-integrated sector of the
mternational cconomy. Almost il
countnes erither itnport or QApont
agricultural commodities; some dao hoth.



This system gives all countnies either a
rmarket for then agricultural output or a
sourte of supply to meet the demands of
e aomeshc economy, 1t has also
virtudlly cimmnated fonvnes except
those cases mowhich national
gerverpenentys do o not let the intemational
coanore Snow about themn or advise
thtme ondy after s too Late 1o deal
ettective byt drbiouit logestical
problerr

Another mmportant consequence of this
mcreased depeadence on trade s that it
ke national cconomies mote open Lo
the forces ob intermational tade. What
thues mmieans, of course, v that national
CLONOMme ane ncreasimagiy beyond the
react of domeaie coonomie policies
Ihrs e poorly understood
phienonenon, but by the Gauae of much
obthe frusttation wih domestue policies
and thear deborenaes around the swaorlid
Adnicaitaee i porcatan s all too often
Sl thaounnt sbout as g closed cconomy,
focusinag on domesue coononug pohcees
Pt cresiton G gpeat deal of

anaiytio al and pobey rorsoined

NHERIY

lesteorader the cancrgence ot b v’

inteaprated anternabiondg! Camtal inarkest
Phes v o s noe nage 1o 1980 for
veadniie  todas mdernationad canntal flows
A2 tdhion, whiie the
ol Hoves b aintermanonal Uade woere
fors Howvs of cantal
that ney dove foregn cechaneg
ket ot mternatongt tracde
fAoreover,
S e reesont Uaal anterngtion y
IR R RIS TR ATE IS SYRI SIS

alticti e o LS

Oy | “inhien

arnost b eonnties e e
Mdtbot
fetiee Led el raact ot
THOre 1 e e throudgty o apital ook el
At thronghy e

Povo conmeaieno e of thes matket dre
toportant. bost changes n the values of
nationat curtencies can completely mask
undetiving comparative advantage tor
extenc A periods of e, presenting
senous challenge to pohoymakoens
promotng agneuaitaral development
Second, the avadanility of this capatal
markel imposes o doal constramt on
pohcmakers, with capital flows by
detintion having (o offset trade deficits
or surpiuses  This broadens the options

for policymakers under some
crcumstances. But under other
condiions it forces miternational burden-
shannag on g scabe not witnessed in the
post Worltd Wi Il penied To put itm its
most obvious form b the fending
countoes want ther past foans to be
paid off, they will need to acceptimports
from the borrowving countnes, and this
Hnposes at tmes severe adjustments on
the: developed countries. Note in passing,
moreover, that this s probably the fiist
Wi ncrecent hustory m owhieh there has
beer domestic pressure i the form of
trade hberabzaton Those bankers meally
dowant to get pard!

Agriculture is all oo often still thought
about as a closed economy, focusing on
domestic economic policies alone.

Fhe shift to a bloe floating eachanae nite
was of enotmons siarahcanes but that
significance 15 only now hong realeod
In most countnies the eechiange rate s
now thie single most unportant prce n
thee coonomy Morcover, it the cxchange
rates permitted to float, o provides the
wheteby the etfects of external
cdn be spread wadely o the
domestic cconomy, thus faciitating
domestic adjustinent to changed
international realities . A the same tme,
Prowever, 1t can be anoanportant source
o vdernal shocks inits own night, as
et perverse monetaty and fiseal
proflcies moa countey suchoas the United
States lead 1o o large nseon the value of
theee LIS dollin

feans

shiocks

Fhere are thaes otner imnhications of the
stuft 1o bioe Hoating c<change rates that
areworth henhoning Farst, thee
combmation of o fieable cochange rate
systern and vl mtegrated mternational
capttal market Causes argticuitiore, as o
tade sector, 1o bear the burden of
adustnent m response o changes n
monetary and fiscar pohiey < This s
marked changed from the cartlier penod
when agucalture was almost completely
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exernpt from changes in such policies.
second, there s now o strong ink
between fmanciar and commaoddity
markets  And third, there die strong
third-country ctiects of exchange rate
reahgaments Jae to the blog floating,
nature of the exchange rate systorn -

Changes i the cconormic crvironment
of world agriculture broaden the agend:
for agricultural policy .

Finally, consider the msae of merossed
monetary mstability WHth agnicaiturne:
now more valnerable to changes o
monetary and fiscal pobiones becatese of
the chianopes discussed above, the
maeredses i rmonetar, anstabadity takes on
eversgiedaler septicanoe The 1S
agrealtural vt booon i the 19705 s
a pedect vemie Troncally, the hoom
At the e svas attabnted o e woeather
and to e efhcieneoy oF US prodncers,
Phie Ulnited Stotes do ob vt shianes
N e THR0S By bieen e sy i
Wy To e ungatecedeate ot e thee
values of e daiian, coupbed veeth noad
commuotity prograne, e cach case there
were complementiary etfects from other
factors suen oo changes i et capata
mcorne

To conclude, what we sec are cnotmous
change: in the cconomic envitonment o
which world agneulture iinds itsedt

These changes brooden the agenda for
Aagucultural pobiey . oathy tmonetary aned
hscar pobcies, cxctianger Gitee, e
exchanae tale ol vooanternational cogntid
markets, nd trade policy geterathy now
being far more rnportant than e more
farmbar domeste commaodit, programe,

The Challenge of

Growing Abundance

A global food supply coses tends to
appeat about once every 10 years
CIMMY T was created an the midst of one
of those episodes  the 1965 66 chses in
Asit The cosis that followed about o
decade later, m the eatly mmid-1970s,
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provided the mcentives 1o establish the
Consultative Group on Internatonal
Aagneultural Research ICGIAR) system
iselt o fact, both the 19608 and the
1705 were penods ol wadespread
coneerns that nsmg poptdation m
developing counties wa creating o
NMedthusia: sworld for

Che dat, of course, e g difteren stoty,
Brguce 1 onhioves e nond o mtlaton-
cortected pnce o e and wheat
extendig back mone than 100 years, |
fosd were becoming mcreasingly scace,
s real pice wonld be trendimyg upwared
Ll were becomimg mmore Shondant s
eal poce wousd be lrenchng downwand

Fho banre sl et story Bathier
o tending uovvord, the once of
Whetb e constmed food giam
B been Brendmeg downvvand for well
oviet TOO vears Cohears thete are
penodic uptoroes, et thie trend s
dowiwvara and by oosigoificant amonnt,
3 the boegenieg of thie T98Cs, the real
prices ol veneal was roaghiny ol what it
was 120 Leans carlier ain 1860
Moteoer, ihe poce has dechnea
sgtticantis smee the beamning of the
B0,

Ihe pice cf mise hos shown o similar
downturm, althiough it shide started only
A the postuasdotid Voo I penod with
Ui spreacd of nybodd reaze Moaze s a
food gramon Resco and o large parts
of Attca More generatly, trs o feed
gravn and the dechne s pice has
made posaibie g large expansion i the
hiveestock and poattry sectors around the
world Poaltey atself has epenenced a
large decine in real prces i the post-
Word War I penod, as have othies
commodities

This grovang abundance 1s due in part 1o
thework of suck conters as CIMMYT,
especially i e last 20 years Mote
genetally s due to the growing
capacity for agneultural research, and
the new productton technology that s
the output of that capacity I any case,
I represents an enonnous merease n the
welfare of mankind, and has prevented
countless millions from expenencimg the
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pains of malnutrition and eventual
premature death. This growing
abundance, however, 1s becoming a
challenge to poheymakers 1he US press
15 flled with stones about "o waorld
awiash o gram, ™ about surpluses, and
about the dectme m trade i agncuiturs!
commaodities This i turn has led to
guestiens shout the tatonality of
providing contiwued support for
auncaltural tesearch, both i national
progiams and to the mtemation!
System

Nothung, ot course, could be rmore

All the cvidence we have s
that investments in agrcultural research
are some of the highest pavoff
investments ether o nation or the
international cormmunity cin make The
chalienge to poheymakers, then, s to
create the mstitutional means whorehy
the: agnicultural surphus in the Nichol's
that production above what s
required to feed the raral popolaton at
prevahng prices s mobilized tor the
dovelopment of the cconomy as a
whole This will tequire the development
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of viable domestic capital markets, the
develonment of eflective fiscal svstems,
and the iberahzation of interational
trade o twepie bawall return 1o belov.

Nothing s tkely 10 bemore important in
maost developg countnes m the decades
ahead than this abiity 1o moinhize the so
called agneultural surplas and 1o use it
for the devetopmaent of the cconomy as a
whole Simifarly, nothing 5 hkely to be
more anportant m terms of realiaing the
tull benetits of the emeraimg mermatonal
systerm of agucuitural research And 1o
the extent that poverty 1s 1 most
countres e main caose of hunger and
ialnutition, ! nothing s bkely (o do
more o reduce those plagoaes of
humanity

The Challenge of Raising Per

Capita Incomes of Rural People
CIMMY T and the other international
agnicultural reseoren centers GARCs)
were created mothe cruable of an
nternational cooperative crusade against
nunger  Although many problems
remaim, that crusade - as noted above --

_____ Real wheat price
Real maize price

| !

T T T
1866 76 86 96 1906 16

! T T T T T
268 36

Figure 1. Inflation-corrected prices of maize and wheat, 1866-1981.

Source Martn, MV and R F Brokken

182 Gramn prices in histoncal perspective

Mimeo  Departiment of Agncultural and Applied Econormcs, University of Minnesota, USA.
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has i many respects been a remarkable
success The global capacity 1o produco
and distabute nevs productive technology
IS growing steaddy, and production i
most parts of the veorid e Qronving
apace . In fact, o soecess has boen so
great that our theton of conbatting
hunger may becorne counterproductive,
especially i hght of the grovang
recogmtion that the honger and
MARUIION DrOBICTN 0 1081 Counties 5
anancome preblem and not a
procluction problem per se
Untortunateiy, the CGIAR svstem, and
other agncuttural tesearch Systems as
well, tend 1o put most of then crmphasis
on the productive e

Nt previons section T dseussed the:
moortanc ot moebiitzing and using the
agueuitural surphis for the development
ot the economy as o whole The problem
of poverty it areas s special case
of that problein The bk of poverty
most countnes - even m such nalions as
the United States s rural arcas
Moreover, the disparty i per Capiti
meomes boetasen the ! and urban
SCCtOrs e mos counites 15 lactor of
two or thiee

Fhe COIAR wystin has tecognzed this
problem i pant by the altenton 1 (Jives
o the small scale farmer But m its
overail tesearch suategy o has quven
nwich lest attenuon (o the fact that the
success uf s bologicd and Dhysical
research programs makes it neCessary
for more and mon: people eventually to
move out of aarncultine they are 1o
receive incotnes cormpatible 1o those in
the nontarm e ton

Agam, the chlle g 1o poheyimakers in
the decade abead will be qreas The
abor adiustoent problems as we 100k 1o
the next decades will he cnotmous n
IMOSE couiines, with the severnity of the
probicim docctly associated with the
successan e aqrcullunal research
prograe unless mternational trade shoold
take up the slack The challenge will be
o deal with this problem in such o Wity
that labor does not have 1o bear ail the
adjustment costs and s that negative
extermnahties are not unposed or roeal
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areas.® This will require incentives for
the decentialization of the
mdustnalization process mto areas where
bor s abundant, and will also reGune
taming, education, and relocation
prograras to promaote abor mobility

The Challenge of

Global Policy Reforms

Animportant chiaractenste of the policy
ehvironment tor global agriculiure 1s that
governments m developing countries
tend 1o discrunmate against then
Agncuitire  while those o the developed
countries tend 10 subsicize thors.
Subsidices on the part of the developed
counties e creating ncreasimgly
senows probierns tor producers o the
denvciaping countues as thiy dump their
surplusess abroad qnd dove world nrices
down b Phes create problems o the
developed countioes. AL the same time,
lost resotinae efficieney and large
freasury costs at hormne npedde: ceonomic
growth

nterestingly enough, the mterational
debt crsis s putting sigmbicant pressures
on the governments of developing
countues to reduce then discrumination
agamst agnculture. The demand for
foregn exchange 10 sorvice it debt s
the dnving force. These pressures are
remforced by the lending conditionality of
the Intermnational Monetary Fund (IMF),
the World Bank, and tailateral donors,
which requines a riationahsation of trade,
exchange rate, and agncultural policies,
and foi the most part g more outward-
looking perspective toward the
mternational economy

These pohicy reforms can be a significant
stmnulus Lo agne Mure, especially when
new production tschnology is available.
Given the size of distortions in its
conomy, Chma may not be the boest
crample, but it certamly shows what can
happen when market forces are allowed
1o opetate more freely In the short term,
devaluation of national currencies,
removal of exphicit export taxes,
reduction of tanfis and other protective
measures, and other reductions mtariffs
can create strong inwernabonal
competitive pressures. As these



measures lead to more rapid rates of
ecconormnic growth, however, the
tendency will be 1o absorb a fairly lmge
share of the mcreased agncultural output
mthe domestic economy

Srmaging about the: needed reforms is not
vy bhecause major redistnbutions of
micome are often mvolved That s the
sarne probicnn the doeveloped countrmes
foce The ditforence s that the
developed countires do not hiave
ceonutme forces doving them towards
hiverahzaton. Mormeover, by vintue of
Bemng neh, they can piobably botier
Aattora the doss momcomes those poacios
credate than can e lovw-mcore
cotmties The combimation of treasarny
costs and sacaficed ceconomie growth s
becomimg quite: jarge, howeve

A tmal part of the policy cnvironment i
e decade ahead s Tkely 1o be anotine
round of Genetal Agresiment on Tanitfs
atich Trade (0 AT T sponsored muhtidaternal
s negottions = obably never in
fstony have these negobations been so
unportant for the developimng countres
At probably never Betore has it boon so
tnportant to the developmag countoes for
aqgueultural saues o he front andd centor
on e GATT agenda, and 1or thee 1o be
actual trade iberahzatcn moaqgoooltue
trade:

The Challenge of Diversification
Successtul etforts at agrcultwral and m
turn general ceonomice development can
b enpected o bnng about thiee majos
vends of diversiticaton. Some of these
Bovi been aliaded to carlier, but then
relative inpottance ustiies addmonal
discussionan the contest of the
chversification problem

Probably the most senous diviasihcation
problem in workd agnculture 1odiay 16 the
need to diversity out of nee Two factors
are at work The hirst s the success of
the Internanonal Bee Boesearch Instiate
(IRBH and natonal research systems m
Asia in nsing yields so that demand can
be sausfied with smaller hectarage  India
and Indonesia are two outstanding
exarmples in which nce production s
tending to tun ahead of demand.

The second factor in diversification will
he the shift upward out of dependence
un tood grains and toward a greater
dependence on livestock and livestock
products as per capita incomes rise. This
15 tostly anancome effect An
nnphcation, of course s that the
demand for feed grains will increase in a
parallel tashion. Thus, the commodities
for which CIMMYT s responsible can be
tpected 1o be more inportant in the
future:

Finally, afthough it may not be true for
some mdividual countnes, the global
agnicultural cconomy will face o senous
fabor adjustment problem in the
aggregate as agneultural development
proceeds. Homdividoal countries
partcipate in the international tading
system, the demand they face for ther
agncultural output 1s relatively elastic.
Sut for closed ccononnes, and for the
dizmand for agncultural output in the
aggregate, demand tends to be price
nedaste. Hence, unprovements in
production technotogy that shift the
supnly cuive to the nght will drive
commodity prices down relatively more
than the increase in output. 1t s this
duechine o price winch drives labor, and
tod certain extent other resovices, out
of the sector

This s a diversification problem in the
context of the larger economy, but is no
less significant than that faced by
indradunl comimodity sectors. As noted
above, 1bis one of the major policy
challenges policymakers will {ace in the
future if we continue 10 be successful in
generating new production technology.
Fhe point bwant o emphasize, however,
15 that the intern: tonal community that
helps to bring on the change in
technology should be willing to support
the rescarch needed 0 facilitate this
adjustment process. As noted, tins
mvolves diversification both within
aguoulture and out of agriculture 1o the
nonfarm sector. To do anything less than
facditate this process is to sacrifice an
important part ot the gains 1o be had
from new production technotogy .
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The Challenge of

Science and Technology Policies
The developing countries are increasing
their support for agncultural research on
a siguincant scale, and the CGIAR
system and the donor commumity more
generally are helping to make the
national systems even more productive,
Unfortunately, few developing countries
have anything that would pass for a
science and technology policy for
aanculture . Although this topic could be
a paper inits own right, I want to touch
on st a few of the more important
IS5UES

knowledge has to he generated by
biological and physical scientists on the
one hand, and by social scientists on the
other hand.

Fhird, much of the discussion in earlie
parts of my paper suggests that the
mternational system s significantyy
underninvesting in cconomic and other
social science research. There are 13
international centers, but only one of
them is dedicated to policy research.
Moreover, the Annual Report of the
CGIAR will note that only 2% of the
operational research budget of the
system s for policy research. Yet my
paper 1s a litany of problems associated
with mobilizing the surplus for more

general economic development, of
raising per capita incomes in rural areas,
of devising domestic policies that can be

New production technology s the engine
of growth for dgriculture worldwice,

Frist, there is the ssue of mantenance
resoarch. / Breeding programs that make
plant rmatenals more productive also
make them more vainerable 10 Insects
and discases. This year's Annual Report
for the CGIAR descrnibes in dramatic
fashion the efforts of IRRI 10 keep up
with the mutations ot bactetia and
viruses affecting nce | suspect the
efforts of CIMMYT to keep up with the
challenges of diseases affecting vwheat 1s
no less dramatic What this means is
that policymakers need to balance the
demands for such things as applied
research, basic research, strategic
research, and maintenance research.
Few of thern have the anatytical capacity
to help make mtethgent and informed
choices on these issues. The Technical
Advisory Comnuttee (TAC) addresses
these ssues, of course, but 1t too locks
the analyucal capability to do anything
other than make informed judgements

Second, there s the problem of
environmental 1ssues and sustainability
These problems have recerved hittle
altention 1o date in the developing
countries. Ther solution, as in so many
other cases, requires a contribution of an
improved knowledge base and sound
cconomic policies. The improved
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- ¢lfective in the new configuration of he

international economy, of the potential of
policy reforms, of problems of
diversification, and so on. Moreover, the
pointin each case 1s that dealing with
these problerns more eftectively will
increase the payoff from the agricultural
rescarch system as a whole and diminish
the ncentives to reduce agricultural
rescarch budgets.

Finally, there is the challenge of building
an ever more ample scientific and
technological community on the
international scene. An international
agricultural research system is emerging
that is made up of research systems in
the developing countries, the 13 centers
of the CGIAR, other international centers,
and the research institutions in the
developed countrigs. Although the
mtegration of these systems has grown
rapidly tn recent years, the cohesiveness
of this integration is still quite fragile.
Everybody has much to gain from
helping to weld these various
components into a truly robust system.

Concluding Comments

[ would like to conclude by noting how
complernentary sound economic policy is
to the new technology created by
biological and physical scientists. New
production technology is the engine of



growth for agnculture worldwide. But
without proper incentives 1t will not be
adopted. Mcreover, without proper
economic pohicies, the increased output
from that new technology will not
contribate effectively to generat
cconomic growth, farmers will be made
worse off in o relative sense rather than
better off, development will noy be
sustamnable because cavironmental
problems will viode the national resource
base, and people will go hungry in the
midst of plenty hecause they do not
have the wherewithal 16 buy the tood
that s avaliable

As this discussion should make clear, our

challenges are great. Theretore, as we
congratulate CIMMYT for its first 20
years, let us also B up our eyes to the
even greater challenges betore us. And
e process, let us wish CIMMYT at
least another 20 years of prosperity and
productivity!
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Discussion

W.P. FFalcon

Food Research Institute, Stanford University,

Stanford, Califernia, USA

Lo too, am honered o be on the program
this mornimg, and having been @
CIMMY T Trustee tor the past s years, |
take particular pode in CIMMY T s
(u:f_:(.)mplrsiununlf:, Lest you thine ihis s
an attempt by CIMRMY T management 1o
pack the program, | should also note that
P s fast-manute stand i for John

Nt

I want to comphment £d Scoub on his
paper U vintage Schuhn, s forward-
looking, and it catnes s trademarks,
which are appatent 1o those who have
read s earher works

e A focus on the importance of
macropolicy,

o Importance of the gans from trade,
and

e The hugh pay-oft of mvestments i
research on agnoallusas sustens

I findd itle o quartel wathy, for the paper
CONLAINS many gemes, and the
penuttimate paragraph s the crownimg
wewel | urge you to read it indeed, |
urge you o frame it s a wornderful
statement about the workd tood problem
and the complernentanty between
economic pohey research and the
biological side of agncaitural production.,

Economics s i dismal science; we never
seem 1o be satshed However, | ask you
to think back to CIMMYT's 10th
anmiversary . Fhink of what we would
have been talking about then: shortages
of grain. The prevaling view - although
not Ed Schuh’s- was nsmg real pnces of
gramn. We would have been wringing our
hands Now can it be such that the
world 15 gettimg worse when we have
higher prices, and worse also when we
get lower prices? | think Ed has bern
very good this morting v pointing out
the great benefts that have accrued, and
surely the problems of progress and
plenty are to be preferred to those of
shortages and starvation.
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Its within this broad context of an
cconomy-wide view that | think Ed has
made a major contribution to this
session. While | find that 1 am in general
agreement with what he says, |
nevartheless wish to quibble on four
pemts, where | think tos heart and his
nope may have gotten i the way of his
hard -headed judagement of what reality
gt be

What are those four pomts? | have never
underestimated the power of bhankers
(World or othaerwiser but | really wonder
whether debt service can dre either the
developed or the deveicpimg countries
toward trade therabzabon. | hope you
are agnt, Ed; 1 fear tat vou may not be.
Certainly the forces of protectionism
around the world — Uruguay meetings
notwithstanding  have 1o be a major
concerns L really do not think however,
that debt service alone will cause the
Iheralization that we need to take place.

Second of all, you make o wonderful
plea for the gains from trade. 1tis so
logical that one could hardly doubt that it
would carry the day But '/moimpressed
as | travel around the world by the
forces of autarky, of looking in rather
than out. | find that particularly true in
Afnca Although there have been some
improverments of fate, | really worry
about some of the sense- but, more
impottant, a lot of the nonsense - that
resides under the heading of self-
suthciency. Countries, and centers that
serve those countries, do not seem o
me o help themselves in trying to
produce particular crops in places where
they should not be grown. To spend five
dollars to save one, supposedly in the
mterest of self-sutficiency, s not a good
way oul. | know that you agree with that
as well, Ed, st wish that more of the
world agreed, too, and | fear you are a
bit oo sanguine on promoting the forces
of trade and how that will help us in the
years ahead.
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SO ey,

And fmaly, 1 thought you might havie
commented, Bd,oa ittle bt more on the
policy cole of centers You did by
rnphcation, Fthink D apologize i |
wander over mta g delicate TAC ssure,
but ab seems 1o e that qiven the itiany
of problems that s o mantion, the
centers will have to do more, not less,
pohcy research mea wondertul fan of
the: Intemational Food Poicy Research
Insttute (IFPRD 1 think they have done
st pathicularly good work, especially
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on the consumpton side. But 1 don't
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New production technotogy is the will not be sustainable because

engine of qrowth for agnculture environmental problems will erode
wortdwide But without proper the national resoturce bhase, and
meentives 1t will not bre adopted neople will go hungry i the midst
Moreover, without proper ccenomic of plenty because they do not have
policies, the mcreased output from the wherewnthal to buy the food that
that new technolouy will not 15 avalable

contribute etfectively to geneal

economic gqrowth, tatmers will be That, | believe, is a wonderful staterment,
made worse off o relative sense and 1 think the focus that you've brought
rather than better off, development here
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The Role of Science and Technology in
Maize and Wheat Production

M.H. Arnold
Cambridge, United Kingdom

Whaoeat ana maize are tao of the most
npottant food crops i developimg
countaes, ranked second and thad after
nee The Jast two decades Bave seon
Spectacudar mcreases moveld and
production o wheat i these
particadarly s o crop for the wanter
sexason, under canfall e Mediterianean
chimates andomgation m subltopica!
regions Compatable mereases i mage
production bive becn less widesprond,
howevidt, and the anpact of new
technolegy more sporadic (Andvrson,
19861 A smailer propottion of maze s
grown ander nngation and much of the
crop s subyected to the uncontroilablhe:
varatihity of those crevitonments that are
charactensue of Third \World counties
troprcal teqrons. In the absenies of
nogation, ot e mote burd of thoese
environments that offer e giedatest
scopie forincreased production but,
because they are valnesable 1o damagn
aunder poorly managed agueaitine, they
AlSO gIve greatent Caose 100 coneern

COUne,

As we consider the tole of science: and
technology methe production of maize
and wheat, therelore, we must do so
aganst a background of changing
crcumstances nodeveloping counthes
and changmg perceptions among
scientists, policymakers, and th:
concerned public at large Such
considerations melude the urgent noeed o
atrest the abose of fragile envitonments
that anses brane poor hushandry and
results o sonl deqgradation, erosion, and
desertihcation At the same time, we
must continue: 1o develop technologies
that grvee improved and sustainable
production systems with reduced unit
Cosls.
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In the contnuing debate on how these
problems should best be tackled, some
have developed the view that what can
be labelled 7Green Revolution
technology™ s often mapproptiite. It
nromotes the wide use of aroform
vaneties and the purchase of Chenical
mputs, beyond the means of most simaii
I contrast e developrment of
Cagroceologieal technology T wonld,
decording to thus view . b mione
Appropriate b woukd erabody the

farmenrs

panciples of tadional farmimg systerns,
craphasize diversity,
contion of pests and desases, and the
pecyenng of notieonts throtigh Qraganic
matter (A and Anderson, 19860,

the Brological

While: no one could dispute the ment of
the principles advocated m these
philosophies the reality 15 that the
populaton caplosion s upon us and we
cannot escape from s mplications or
the urgency of fmding somitions to the
problems it poses. We neea groen
revolutions and, while respending o
valid criticisms, we should not permit the
mmane ol 'Green Revoiution technology”
to become tarmished because some have
promoted inappropriate technologies in
s name. dts the 1ors of science and
technology to coatinue 1o contribute Lo
green revolutions, but to do so in ways
that are: acotogically sound and take due
account of the sociological, econornic,
and political circimstances

While problems of the environimaent loom
frge moany consideration of the future,
the: contnbutions of improved vaneties to
nmcreased and more ctable production
will remain of fundamental importance
The use of mproved vaneties continues
to affore the farmer one of the most
cost-effective innovations. Science has
conlinually provided opportunitios for
accelerating progress in plant breeding



and recent advances m thotechnology
offer ecitneg possibiities for more rapied
genoty e anproveanents i future

Ihese basee clements ot ail peaducnhon
Sysherns e cnvmonmaent, the Henobype,
Andd e compiey interactions, prosvide o
cotverient froneevork wittun whach 1o
recs e
technoloogy o the foture production of
Miatze e wheat oo Thined World
couritnes

tole b sewenoe andd

The Environment

Fotemontan any discussion of the
sitvatanivent o relatinn 10 o
Droduaction i tropical reapons togst e
of weater aod ity
frndaernent e reidaton 1o sonl

e cvonnabihiey

Iy
Sater we mean
rntail cronngation fhough siodae
DRNCIeS apphv e hese tospects 1o most
topneal reguores aned 0 vade: range of
crope, bshall diastoate s
o sub Sabinan Afrca and v potential
forimcreased monze production

conseryation gred piant nutnaon

b e ther by

ety eeforence:

Ul b thee e, o fan sonudler
propotiion of tuabie Lind has been
srigated e Alncn than me nder (Ficher,
1986)  Thus s cspecially iae of sub
Sahiaran Aftca, whoere ey womodiate
scope for protitable rmgaton schemaes s
heoted Neverthenes:, following the
Indin ceponence, we noecd to investigite
e factors brting the appheation of
Wittt on g ol seaie s Atnca, where
e tadibon of angaing the land s
miteh ess developed, whether from
webs, hote hoics, or ponds I this
respicet, veork At the international Crop
Bosearen Institnte for the Senm And
Frapies HQERISATT onthe management of
snall watersheds and the collection ol
runoft in ponds, needs 1o be more
thotoughly expiored o Alnca The yield
mereases demonstiated from the
Appheabon of small amounts of stored
watter ot ot al penods e the
developmaent of the sorghum crop
(Krantz and Kampen, 19771, tor
esamie, s an approach that might waell
have appheation to maze production s
well

Other possibilites for the more effective
use of avadable water include the greater
use: of Afnca’s extensive wetlands.
Although tme will be needed 1o solve
the sociological probliems of collective
ranagerent for ' such areas, the first
casentiahs to conquer the senous
cuman dhseases tnalatia, bhithanrzia, and
tver biindness) that so severely int the
possibibities for e intensive use ot
present

Although the eftectvie nse of surtace
waler, asowell as the greater use of
snall scale irgaton, must controute
maore o the future of Afncan agiculture,
ipanston of nroducticn in the imimediate
future watl have to depend poimatily on
the more efficient use ot ramfail

Science and technology must foster
green revolutions in ways that are
ecologically sound and take account of

socioeconomic and political
CIrcuUmMSstances.

Patterns of Rainfall Distribution
Fady work on the distribution and
expectation of ramfall in topical Africa
Manming, 1950) showed pronise of
providing hoth a framework for planning
cropping sequences and tos moditying
crop maturation penods through plant
breeding so that they it more effectively
the cxpeed pattern of tainfall
(Hutchmson, Manning, and Farbrother,
1958 Apphcation of these principles to
the low ramfall areas of Kenya, (o
example, led Dowker (1971) 1o broed
carly matunng maze populations. He
estinated that the rehable penod of
rannfull was of only about 60 days’
duration and that the crop must flower
within thus penod i order to mature on
the teserves of mosture i the soil
Although maze s less tolerant of
drought than sorghum, Dowker
postulated that what was primanly
requied was eatly matunity, irrespective
ot the type ol crop. After trying a range
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of both maze and soraham cultvars, he
concluded that maise offered bhottor
prospects ot prosudineg e bequined
degree of coarhime s o sorgbiom Mo
was oo preterncd to sargbum gs g food
crop by the jocai peopae aned had the
addid advantage af beang L e Drone
to b damaep e b
COMmpoate T e el did e to
Peondbaaly it e tood sunpiy
19704

HOP v e
o latge Gtes Gt B i gtnnon,
RGE prece s noniaedae of e o
ntall dhstomutoon o alno proside
usetul ewperrnenton toor By sarving
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have been veed hots

and Gentiraetta 19810 e wbneat
(AGStn, i e,
tests Tor drongnt oieranice b

i tnse Sl

ATNOUYN nuinerons,
brinot,
Advacated e T e, Tew T
Stood e tees b e and rogress i
Drecding has e spotache ot bt Th,
s A0 portant e o e hiation,

Bowes e, e

mote o ocontabnt

RO U T PR IRV I RIE el

Althonghi the gt g cpprnact of
estinating romdoa probhatseity dnd
POTEnTab veraporation Las shonw s (et
protrse for
production we At o ooy by Righs,
1981,
pattiy through e
pattorne aned i
thern
prersistei o of
distobationy o
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panretag Straleques i crap
S e e ben foos e
e of aveathio
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prettochedties o ondadl patterses o o

OCCTITe it

teviesy of thes g otbe o Gapects af
clirmnate:, aese boreaes andd Waghey, 19865}
Al of these uncetomties Setve 1o
ernohasize the dangees of short ternm
canermentation, be o cropping
systerns, agranormy . of Crop
nprovernient

Pt oo bt toneratic e

In spite of ail the difficuities, this s an
area where sustained scientific
mvestgation could lead to resalts of
arversal applieablity . The importance of
detinung agroecoiomeal cones, not only in
terrns af radall and evaporiahon, but
alno s Bermes of pests and diseases, s
fundarnental to planming apphicd tesearch
and o anormpoertant aotivity of
witershonal conters CINIRTTT s leading
the veory, i the aooumnndation of daty for
the agraceoingiedl sorang of nepee anid
wheal, but toe rmethodolog, il tabe
B Lo cvolve o partioular, et 1504
need 1o ink the anclyse, of bhiologieal
ot st s that ot pests arad diseases
faote closery wathy te macteoroiogieal
abptodaches e not ondy the spatal
detnbution of coologqueal sones that s
Hactuations m
Soedthier patleross it determoine vanation
o thenr Boumchees watn e

dnpott g bt e e

Soil Fertility

Five violence of the convection storms
tat charactenze topcal ramtall make
atable land partcalatly wulnerable 1o
erosion Methods of sod conservation,
such as terracing and te ndging, have
heen known and practiced in some areas
of Afnca for gencrations (Thomton and
Rounce, 1936, Peat and Brown, 19600,
but have never been owadely adopted
Other methods, b as contowr
bundmg, cab tor et plannimg,
colivctive achon, ana theewill to mamtam
the bunds and witerway s, Pohoies thiat
result i sitable meentives for domng the
work are not easy o devise and, n
genetal, have ret been Jorthcormimg
Conseauently rrach san contine 1o
ddepend on production technologies thit
afford proteenion to e sod and naninize
tnof

s sometimes forgotten that well-grown
crons themselves provide excellent
groundd cover, whereas poorly grown o
widely spaced crops can seniously
endanger the sustimabnlity of prodoction
Aowell grown marze crop s valuable in
this tespect, parlicuiarly wheen
tcorporated mto cropping systens that
mvolve o mosae of crops matunng at
afferent times Aveas of perennial cover,
arass, tees, and shrubs are aiso



cattemey anportant. In the huomed and
sermbuarmd tropes, the system of alley
croppaneg diveloped ot the Intermational
Institate o Tropresd Avqoe aitire GHTA)
basest an - ound prncites and oftfors
DEOISING onportunitics for oz
prodduchon mothese areas More research
Wy of

ot peguiernents and
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reducing
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Genotypic Improvement

Fropical tmnfed enviconments also call
for specal chanactenstes movareeties
Fraditional vaneties are tall andd
contimuousiy canosed to the nsk of
fodgmg by the e convection storms
that create the sk o coll erosion. The
work proneered at CIMMY T by Elimer

1 hees abvons coconomie

Johnson to produce plant ideotypes with
short, strong stemns gave rse by 1983,
atter 1/ cyeles of recurent selection, 1o
matenal showmag nearly g 50% reduction
o hieght, unproved geaon o sstover 1ano,
and anoncreased yicld potential of about
DU, whengrown ot tngh population
densities (CIMMY T, 19841 Combined
with tesistance 1o streak vitas . developed
SUHTTAL these populations and matenial
denved from then show great pronise
for future mae produchon i many
Afncan counties

Lookmg farther ahead, howeaver, we
st consider the improvements that are
dkely to hecome available from
developrents methe bologieal sciences,
particadarly from those areas of
achrevement usucst, referred 1o as
biotechnology Thewe dovelopments will
deceleate the process of producing new
vatieties ard provide new opportunities
tor creatimg genete vanabibty, but they
will not change, o any fundamental way,
tho regquirements tor <access o order to
iustiate the types of contnbution from
sewence thiat are bely to mfloence the
rate and futute catent of genotypic
pnprovement, we st st considern
briefly the clements of o successtul
brecding program

(e

A plant brecding program can be likened
to g tactory I starts with market
research o define the product, looks for
stltabie saw matenais and develops
processes (oo convert those raw matenals
e products with castomer appeal In
plant breedimg, die mam saw matenal s
genehe vandtion and the factory
processes dre the systems of evaluation
Aand selection that progressively tatlor
breedmmag matenal 1o the complex needs
of the phyaical, holoaical, and
socioeconomic envionments. I Thid
Waortld countiies, the customer s usually
the small farmer vty severely lmited
Jccess 10 purchased mputs, and the
market research must melude an
understanding of the farmung svstems
involved s s perspective of the
whole breeding process that must be
Feplm mand when considenng the future
role of seience and technology
genotypie improverment
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The terms “iotecnnoiogy™ and genetie
engmeenng’ have been sod waith widoly

difterent meaninags 1o thieny
conjure upr the netion I
verGe of aragnoatinad resolution, that
wer shial be abie o
OINGS, OF al aeant W cnnge pevsting
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Although the term “bioicchnology
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B crecuit diagran,

but would have no oy of anderstanding
how 10s func ooty integratsd Ther
are far too many s in o b ledoge:
of BIoChemistey and oy siolooy to ik
i feasible o theed e nan G pianineg
and disectod ot ah bt e
SUNPlest of plant chon tenste s,
WA

iy
tate for the foresesabie St e
well short of beang abee o conaauet L
crewnt chagrarm for piant, o e
challenge facmag e temationgl conter,
15 10 determre hose
Invested i o
ooy, saathont dee irosang gt cone
balance i s it sopnhna ny approach
wWhich 15 S0 gt

e h can he
ety s roleculon

1o s eess

I thes Brodder wense qonene cngineenng
can be apphed too 3 rnec bgninane, of
recombmation and seicction Paze and
wheat have advantages over any othe
crop plants an that they hove hoth beer
subject o mtensive genetical study from
the eathest denes Motoger wheat bomg
ahecapiond Can tolerate chiromaosorme

€4

manpulation i ways that diploids
cannot The pamstaking development of
Vanaus anenplond senes, stemming from
the poncennag work ol £R Sears,
togethier with e use of new teehnigues
e biophysics, have provided powerful
tols for both qenete anatyas and the
developnent of biesding methodalogy
Frnther stides waill be possile when
echiigues curtently being developed in
tiotechnoiongy are ready tor application

Among the coninbutons 10 be espected
from advances e moiecutan biology are
those that will tacditate the nvesagation
of fimiting steps i metabohs, through
e enginesime of cnanges qunes,
SUCHE s e structite,, numbne of
cupres, o foeaton m the gencme
Thiough such means bicehvrosts and
PHYSIOIOQISTS Wil eguine: 4 more procise
understnding of the comples DEOCEHSSES
hat determime crop pettorance, thus
mdwanng the nature cf diectod genetic
changes necessae, for crop
reprovermnent knoviedage badt ap o tins
way could iead tor ceample, (o oan
undeastandmo of the moiccalar basis of
heterasis and Lo suqgaest drectod
chanages that mignt result o unprovied
Possibnhitios
for the apmication ot mnlecalon ology
o crop rnorovement in general and 1o
e wvheat crou m particalar have been
teviesved by Austin ef o 11986)

pretformanee: of mbred hnes

Efficiency of Selection

Some of the most inporant
contnhations at scienee has already
miade to plant breeding, and wll
continue o maee e the future, are
concoemed with more officiens techirues
ol selecton Lomshcal coteadetiions
fen that e Breseden moves from vory
Stnall 1o progressacedy nger quantities of
soed s Types of cvalimbion thiat regune
frge quantities of seed st be deft o oa
telitreely late stage o e prooess, by
such e thie cornubative cost of
producmag ecach selecton cotaned i the
Brograni has mereased proporhonately
Ay nrocedure that canodenndy
et roateni satlyan the seleenon
sequence thoercfore adds gieatly 1o the
speed and ethoenoy of the whole
selaction processs A good erample 1s



provided by the evolution of technigues
for selectng for hread-making quahty m
wheat

The uttmnite test will always e in baking
aloal of bread Onginally, s wirs e
only test avanlabie andd, becatse it
reguiies teiatively rge quantites of floar
and e oy tne consernimg o do
On - Lige soate, b iaust e feft to o ot
Staguean Lo
miateria fourd to be substandiard for
other charactenstscs has alteady been
elimimated the use of
analysis by ndrned ooficotaneg

pragram, when most of e

Moo rocenty,
toggethe
watin e decelopment of smanl niling

trac e capabie ob proaoemeg samgtes,

of Hour e 30 seconds fron e e ot
Qranmy, rean ot ge narmbers o
Samies can be analv e rapediy for

CILLCUNn rate gy
}

I tvica Broedingg

sonflinig harddoess
Drotem content
poagrarm, some 15 000 samples oy b
etedh oy sinale season o thiis veas
Bingnam, 13830 Morcover, gronto
understandmag of the physical propertes
of the protemns mvobved has fed to a
sedhtnentation test that v acourahe
predictions of bread modang guant,
griatly
combiration of yicid and gquanty

A

e hing selection tor tne

ol greater sAhaency an breeding for
bread-making quahty has now peen
dchieved i come mograms. Tecniques
i biochermistry and biophvsics have
cnabicd separation and dentficatsn of
the: protems and ther subunits tha
contubute to the visco-clastic propertes
of dough it are essential 1o make
bread Although quaity s partly
influenced by e ot quantity of proten
present in the endosperm, o foature
larqely deternmnea by the envitonment, o
15 also dependent on the types of
gtutenin subumt m the total giuten In
partcular, the degree of wvisco-clastcity s
determimed prnaipally by the presence of
gluterun subunmts with tigh molecular
weight  Electrophoretic techmques now
permit the wentfication of the vanous
protem subunits i a sample of
endosperrn taken from only one-trard of
a single gramn. Thosy samples showing
the presence of glutenin subumts with
high inolecuiar weight can be dentified

and, since the embryo s lett intact, the
grame can be sown 1o produce the next
generation of plants (Payvne, T986)

Fhis test has aready proved aseful for
selecton dunimg simans seed descent as
well as modentihving parents tor crosses
Morteower, studies on the w1 diptond
ancestors ol wneat nive evealed great
dienrsity i endospenn storage proteins,
ot which are not known i bread
Vhedt Among teem are giutenn
subunits wath bighe molec ular waaght
Phese are bemno tanstened 1o wheal and
toay il contibute fudtier t rproved
broad makmyg quahty Unfortunatedy, the
techrae fordentifying protem subunits
cannet yet he used as aosimple
SCrectang procedure o dirge segregating
SODUALONS, as 1ty oo demanding m
Fand Skl U mignt wvai e possible
i Ue tuture, however, 1o s niont te
ruowledge gamrdd in several vays With
ddvances i iaboratory techr oiogy, o
might prove possibie to develop tne
technmue mto o more rapid and
dutomated one, with advances m
molccular genetcs it aught eventuaily
ber pessibile to increasie: the number of
comes ol the genes codimg fo those
proterc subanits requimed for better
bread

LAy

e techmigue of monitonng the
presence of a4 protem subunit using
clectrophoresis s only one example of a
range of technigques bemg developed in
cytogenetics and molecular biology
designed o asaist the breeder n
ilentinying the presence of o desiable
gene Isozymes have been widely used
das narkers noqenetical epenments and
they are potentialy useful in plant
breeding. Inwheat, tor eample, 1sosyme
markers have been used to momtor the
presence of alien chiomosomes, or
segments of them, i breeders” matenal
(Amsworth and Gale, 19861, In general,
however, it has proved dithicult to find
ersyme loc inked 1o the particular genes
inowhich the breeder s interested.

Maore recently, attenton has focused on
thiee possibility of monitoring the prosence
of tne segmaent af the chromasome on
which the desnable gene residas,
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through its linkage 1o the cleavage sites
#ltacked by specific restnietion
endonucleases (Law, 1986). In the
rapidly evolving anqguage of
biotechnology, the ditferences Among
chromosomes i ths tespect are roforned
1o as restneton fragrent hingth
polymorphisms (RELPS) For example, in
wheat, RELPS tor the abosomal (NnRKNA
genes of the nucleolar argamizer region
of chromosone 18 and 68 have boen
used 1o monitor e presence of those
chromosomes from diferent parents i
the: progenies denved from crosses
among them (Seane of g TG8h;

Vanous other techinagues e alao
becarmng avadable 100 D dentbicaton
of genes o ther products Afte
drigesting molated DA with restietion
CnZyimes, speahie genes oo be detoctoed
by hybridizimg tprobing) vati CHDRNA
obtamed from the particuior mANA
seduence Noteover, the pootemn
produced as the oty gene product
can beadentified using g range of
technaues invobang anubodies .

Aty statable technigues of s qener)
type which consd bee developed for use
ona brge seabe wvoudd offer extremely
vatuabile appontumteee to the broeder of
the future T broecdineg for tosistance o
pests and diseases, tor s
possibility of being abie (O detect the
presence of tesistance aenes without
having to challenge e bost plant with
the pest or parasite would qriatly
simphty selechon procedures and afferd
new oppottunities for combnning mutaple
VESISLANCe genes anto aosingle genotype
Useful techngues wiii 1ot come vaickly,
howoever, not without 4 groat deal of
sustaned effon

dimmipie, the

Genetic Variation

Another general area in which we may
expectincreasig contnbunons from the
advancmg frontiers of the biological
sciences s that of new sources of
genetic vanation, the raw matenal of
plant breeding Wide crossing, protoplast
fusion, somaclonal variation, and DNA
transformation are all becorming avalable
as tools for the plant breeder but, as yet,
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they are not generally available for all
plant species. The Grarminadae have
generalty proved to be difficult with
respect 1o some of these technigues and
both wheat and maze currenily lack
workable transtormaton systems, With
several different approaches bemg
vigorously pursued, however, sueeess 1s
Almost certanndy not far away (Havell and
Rlathies, 19840 Once this and other
bridges have been crossed, a wide range
ot new possibiiiens for gene tanster of
modihcaton could be comempiated,
micludmg, for example, e meorporabon
of novel forms of virus resstance
Bavlcombe, 19861 or genes for
herhicide tesinanee

Adthough we must st o cxplot these
developments in recombimant DNA
technology, recent work on wide
CHOSSING 1S gvinig protmsing results. For
example, the salt tolerant vald diploid
qgrass, Agrameron unceun, has now
been successtully crossed with whicat,
using the vanety Chimese Spring
monosomic for chromaosome HB . Pairing
between homocolonous chromosomes
wits obscrvedon nulsormc S8 hybnids
(e those lacking the Phogene thit
controls pammag) and evidence has now
been obtained that the salt-tolerant
character has been successiully
incorporated into the wheat genormne
(Forstar ef ol 19806)

The widest cross so far established is
that between wheat and maize (Laurie
and Bennett, 1986). Although svgotes
have been culturcd to the extent of
several cell divisions, 1t secims unhkely
that the amploplord tselt could ever
develop mito o suceesstul plant, if for no
other reason than the disparity in
moiphology and physiology of the C3
and C4 mechamsims for photosynthesis.
Nevertheless, the sucaesstul union of the
two genomes nught permit mcorporation
into the wheat genome of usetul
segments of DNA. Of particalar interest
is the possibility ol wheat acquiring
ansposable elements from maize, in
which they are better understood than in
any other crop species. Stemming from
the discovery of then role in mutations



by McClintock (1951} the molecular
basis of then functioning s now being
unravelled, offenng new possibilities for
DNA transtormation and the location of
structural genes (Flavell, 1984,
Starlinger, 1985H)

These few examples dlustrate the many
difterent ways m which 1t s becoming
mcreastngly possible to generate genetc
vanation or to effect genetic change. 3ut
the miducton of genetic change 1s only
part of the problem. We need 1o know
far more about the types of change to
induce and the consequences of those
chianges for the effective functiomnig of
the plant. Fo what extent might it be
possible, for example, to s plon
recombination between waeat and
mze? Canwe contemplate converting
wheat into a tropreal crop or making
igh-quahty bread from matee flour?
Ihese questions and many ke them
present enormous challenges for future
research by plant physiologists and
bhiochersts, Only with appropriate
answers will plant breeders he able 1o
defie then obectives and plan then
programs o as oo maxmize the benefits
of new techniques in biotechnology
Fven then, they will adopt the new
technques only i they show clear
advantages over estabhished methods (for
a fuller discussion of this point, see
Bingham, 1984)

Yield Stahility

and Production Variation

It we are a long way from understanding
the developmental and physiological
processes of plant growth, we are even
turther from undorstanding the
mechanisims wherehy different vaneties
respond differently 1o different
environments . However excellent
laboratory tests might become, therefore,
nothing will substitute for the evaluation
of potential new vaneties in faroer’
fields over the whole production area,
and for more than one season. An
international center such as CIMMY T s
In-a unigue position to orchestate the
wide evaluation of germplasm through
regional and national networks. Recent
deveiopments in the analysis of large

sels of variety tnals, such as those on
the CIMMYT wheat and maize data {Byth
et al., 1976; Westcott, in press) show
promise of overconing some of the
hitations of former methods, based
largely on hneat reqgression

It 1s increasingly possible to generate
genetic variation or effect genetic
change.

Nonetheless, the results of such analyses
are difficuit tor breeders o take fully into
account m the dayto-day decisions they
have to make. This is o complex area
where only sustaned mutudisciphnary
effort s likely 1o produce criproved
methodology. Thete s o need for closer
ntegration of the biometrical,
agrometeotological, and physiological
approaches, couplod win ¥nowledye of
the distripution of pests, diseases, and
other hmiting factors. The aim would be
to develop improved methodologies, first
for defining ceological boundanes for
vanetal adaptation, and second for
brecding for . .creased stability of yield
within those houndanies, so as not o
cortrbute unnecaessardy to the increased
vantability of production vn absolute
terms) that s inevitable as vields
increase (see Hazell and Anderson, in
press) Partcularly in rainfed
environments, there is a need 1o strike
an appropnate halance between the
desie for wide adaptabibty and the need
for specitic adaptatuon. This 1s another
chollenge for scienee for which there will
be no guick o1 easy solutions

Harnessing Science to Production
All of the foregomg examples of new
chatlenges tor science and technology
cmphasize the complexty of the
problems, the need for a multidisciplinary
approach, and the importance of
sustamed effort. The contibutions of
outstanding individuals, working in
relative isolation, are no longer sufficient.
We have aliready moved to team
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approaches, but these must be
reinforced through collaboratior., riot just
among motivated individuals, but with
the solid backing of institutions Although
1Its the individuals who do the waork, the
institutions must provide: the continunty
that s so important for success Of the
many types of collaboration now being
developed, | shall mention only a few.

Fundamental to success are the
collaborativee arangements that have
neen developed between the
international centers and national
reasearch systems. These arrangemaents
must be responsive 1o changing
crcumstances and strengthened when
necessary. Of equal importance,
however, s the continually 2VOVIng
pattern of collaboration between
international centers and advancod
institutions throughout the world
Coltaboratve projects beiween CIMMYT
and the Plant Brecding Institute (PBI),
funded hy the Overseas Development
Administration {ODA), afford good
examples. They currently include work
related to wieat on dwarting genes,
alien gene transter, and wide Crossing
Such projucts not only harness the
scientific capability of an advanced
nstitution 16 probicins of crop production
In developing counties, but they also
serve to provide wider involvement of
national scientists in problems of
nternational importance:

This wider arn of involang more
scientists i problems of developing
countnes s one that attracted the
attention of the Intermational Council of
Scientific Unions 1CSU) and led in 1978
to the estabhsnment of ite special
Commussion for the Application of
Scicnee o Agriculture, Forestry, and
Aquaculture (CASAFA). In collaboration
with the international centers,
universities, donors, and other
organizations, CASAFA seeks to identify
problems of widuspread importance
where science could make greater
contributions. Of relevance i the present
context is promotion by CASAFA of

the need for more fundamental
understanding of drought tolerance
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and the biochemistry of parasitic
angiosperms. This latter knowledge may
be crucial to finding control measures for
striga, which is rapidly becoming a
serous constraimnt to the production of
matze and other crops in Africa

s in these and other wiys that science
and technology will contnibute to the
future green revolutions that will be
essential tor human well-being as well as
for the preservation of the natural
Lnvironment on which everything else
depends. In marking its 20th Anniversary,
CIMMYT will carry with it the goodwill of
all of those who have these interests at
heart.

References

Ainsworth, C.C. and M.D. Gale.
1986. Ensvme structural genes and
their exploitation in wheat genetics
and breeding. In Enzymes and their
Role in Cerval Technology, J E.
Kruger, C.E Stanfer, and D.R.
Lineback, eds. American Association
of Cereal Chemists. (In press. )

Altieri, MA - and M K. Anderson,
1986 An cecoloyical basis for the
devetopment of alternative agricultural
systems for small farmers in the Third
World., Amencan Journal of
Alternative Agricuhure 1:30-38.

Anderson, J.R. 1986 international
Agricultural Research Centers:
Achievemnents and Potential.
Consultative Group on International
Agricultural Research, Washington,
DC, USA.

Austin, R B. Some crop
characteristics of wheat and their
miluence on yield and water use. /n
frproving Winter Cereals for
Motsture-Limiting Environments: An
International Sermnar, Capri, aly,
27-31 Oclober 1985. (In press.)

Austin R.B., R.B. Flavel, and H.J B
LLow. 1986. Molecular Biology and
Crop Improvement. A Case Study of
Wheat, O Seed Rape and Faha
Beans. Cambridge University Press.
114 pp.



Baulcombe, D.C. 1986. The use of
recombinant DNA tecnniques in the
production of virus resistant plants. In
Biotechnology and Crop Improvement
and Protection, P R. Day, ed
Maonograph No.34, British Crop
Protection Council, Thornton Heath,
UK.

Bingham, 1. 1983, Genctlic
constramts on progress in wheat
breeding. In The Yield of Cereals,
D.W. Wright, ed. Proceedings of an
International Seminar held at
Cambrnidge: and Stoneleigh, June b,
1983. Royal Society of England
Monograph. Pp. 5-11

Bingharn, J. 1984 Achicveinents,
prospects, and limnitations of
conventonal plant breeding  In
Genetic Mamipulaton of Plants and Its
Application to Agniculture, P J. Lea
and G.R. Stewart, eds. Oxford
University Press, Oxford, UK.
Pp.1-17.

Byth, D.E, RL Gisemann, and 1 H.
de Lacey 1980 Two-way pattern
analysts of a large data set 1o evaluate
genotypic adaptation. Heredity
37:215-230

CIMMYT. 1984 Maize rescarch. In
CIMMYT Research Highlights 1983,
CIMMYT, Mexizco, DF. Pp. 35-57.

Dowker, B.D. 1971, Biceding
rmaize for low ramfall areas of Kenya.
[. The relability of vield of carly and
Iate maturing maves. Journal of
Agncultural Science, Cambndge
76:523-530

Ficher, CKO 1986, Tiansforming
Alrican Agriculture. The Hunger
Project, San Francisco, USA.

Farmer, G.and T M L Wigley.
1985. Climatic trends for tropical
Alrica: A research report for the
Overseas Developrment Administration.
University ot East Anglia, Norwich,
UK.

Flavell, R.B. 1984. Transposable
elements. Oxford Surveys of Plant
Molecular and Cell Biologv
1:207-210.

Flavell, R.B. and Mathias. 1984,
Prospects for transforrming monocot
plants. Nature 307:108-1009.

Forster, B.P., J. Gorham, and T.E.
Miller. Salt tolerance of an amphiploid
between Triticum aestivurn and
Agropyron junceum. {In press.)

Harrison, M.N. 1970. Maize
improverment 1n East Africa. In Crop
Improvement in East Africa, C.L.A.
Leakey, ed. Commonwealth
Agricultural Bureaux, Farnham Roval,
UK. Pp. 21-59

Hazell, P. and J.R. Anderson.
Proceedings of the IFPRI/DSE
Workshop on Sources of Increased
Variability in Cereal Yields. (In press.)

Hutchinson, J.B., H.L. Manning,
and H.G. Farbrother. 1958. Crop
water requirement of cotton. Journal
ol Agricultural Science, Cambridge
51:177-188.

Krantz, B.A. and J. Kampen. 1977
Crop production systerns in semi-arid
sones. In Soil and Water Management
for Crop Production: An Introduction
to Regional Farming Systems, W.
Thorne and M. Thorne, eds. AVI
Publishing Co., West Port,
Connecticut, USA.

lLaurie, D.A. and M.D. Bennett.
1986. Wheat x maize hybridization.
Canadian Journal of Genetics and
Cytology 28:313-316.

69



Law, C.N. 1986. The need for a
multidisciplinary approach to genetic
manipulation in plant breeding. /n
Genetic Manipulation -, Plant
Breodmg, C.J Jensen, W Odenbach,
and 0. Schneider, ods. Proceedings
of the International Sympaosium
Organizad by Eucarpia, West Berlin,
8-13 September 1985 Walter de
Gruyner, Gerlin, Wast Germany.

Pp. 867-882

LeMare, P.H 1984 Limitations
imposed Ly nutront sunply m tiopical
African soils. In Advancing
Agricuttural Production in Alnca, DL
Hawkesworth, od Commonwealth
Agricultural Bureaus, Farnham Royal,

UK Pp.357-361

Manning, HI. 1950 Confidence
s of expectod monthly ramfall
Journal of Agnicutturg) Science,
Cambrnidge 101691 /6

McClintock, B 1951 Chromosome
organizaton and genic eXpression.
Cold Sprng Harbor Svmposium on
Quantitative Bology 16.13-47.

Nachit, M M. 1985 Use of
planting dates to select stress tolerant
and yield stable triticalo genotypes for
the rainfed Mediterranean
environment. Rachys 3(1):37

Payne, P1. 1986 Vanetal
improvement in bread-making quahty
of wheat: coninbutions from
biochemistry and genetics, and futyre
prospects from molecular biology. In
Blotechn()logy and Crop Improverment
and Protection, PR Day, ed. BCPC
Monograph No. 34 British Crop
Protection Council, Thornton Heath,
UK.

70

Peat, J.E. and K_J. Brown. 1960.
Effects of management on increasing
crop yields in the Lake Province of
Tanganyika. East African Agricultura!
Journal 26:103-106.

Riks, D. 1984 The sonal chmites
of Africa and biological resources (and
the collection and analysis of prirnary
data in the AGRHYMET Programme).
In Advancing Agricultural Production
in Africa, DL Hawksworth, od.
Commonwealth Agricultural Bureaux,
Farnham Roval, UK Pp. 299.307.

Ruthenberg, H. 1980, Farming
systems n the tropics. Th, o edition.
Clarendon Pross, Oxford, England.

Snape, J W R.B. Flavell, M.

O'Dell, W G. Hughes, and P.|. Payne
1985, Intrachromosomal mapping of
the nucleolar organiser region reiative
to three marker loci on chromosome
1B of wheat (Triticum aestivum).
Theoretical and Applied Genetics
69:263-270.

Starlinger, P. 1985 Iransposable
elerents in plants. Biol Chem.,
Hoppe-Seyler 366:931-937.

Thornton, D. and N.V. Rounce
1936. Ukara Island and the aricultural
practices of the Wakara, Tanganyika
Notes and Records 1:25-32.

Trapani, N. and E. Gentinetta,
1984 Screening of maize genotypes
using drought tolerance tests.
Maydica 24:89 100

Westcott, B. A method of
assessing the yield stability of crop
genotypes. Journal of Agricultural
Science, Cambridge. (In press.)



Discussion
D. Acker

United States Agency for International Development,

Washington, DC, USA

On behalf of US Agency for International
Development Assistant Administrator
Nvle Brady, | express congratulations o
CIMMY'T and also sincere and deep
regret that he could not be with you for
this nccasion

To have a presentation on maize and
wheat improverment by a cotton breeder
and discussion by an animal scientist is
perhaps an ilfustration of wide
OULCTOSSIng.

Dr Arnold has advanced much good
food for thought. My conuibution will be
largely to underline certain points made
and, for the purpose of causing
continued attention to certain areas,
asking a few questions.

Dr. Arnold’s paper suggests to me the
sotential for o systermn of agroecological
rones, cach chavactenzed by sol and
chmate traits and of much value to
research workers in designing their
programs an ' testing thew efforts.
Progress in tHis effort wiil depend on our
collecting data on weather, disease and
pest occurrence, and soil and crop
genolype response, and fuily utilizing
future und past data Current data
hardiing tachnology makes this feasible,

It shewdd be emphasized that productive
agneulture s one of the best protectors
of the environment. An exceltent maize
crop sheltars the soil, diminishes erosion
by wind ¢nd water, contributes organic
matter and, because it can reduce total
arca required for maize, may result in
marginal land remaining in grass

Just as CIMMY T has played a key role in
making triticale and high-lysine maize
producuve realities, the Center will also
play a significant part in emerging and
tuture advances, by virtue of its scientific
position and the tasting nature of its
motives and support.

The paper’s cautionary but optimistic
reference to genelic engineering reminds
us that what we seck and what can be
provided is additional genetic variahility
from which we can draw. As to where
we use genelic engineering, tissue
culture, or other cornponents of what is
called biotechnology (a term with
perhaps too wide a use), | suggest that
we should not be quick to draw rigid
1ales or policies. Not many years ago,
university and research administrators
ruled that no computing equipment could
be purchased except for what was
nceded in a central computing facility.
Those units that held a too-ngid policy
oo long falled to gain full advantage as
mini-, micro-, and personal computing
equipment, with linkages, developed.
This may also be the case with
equipment and techniques of genetic
engineering.

Policies and guidelines are appropriate,
but they should be elaborated with a

wide view to developments, needs, and
ygrowing capabilities of component units
and evolving national research systems.

Dr. Arnold’s many examples iliustrate
that our development and selection tools
are increasingly powerful and varied, and
so there is potential to increasingly tarlor
Jenotypes to macro- or micro-
agroecological zones. Will the precision
of our devices be sufficient? Will the
strength of the national agricultural
systems be sutficient? Will the public or
orivate investment be sufficient?

My commendation to DOr. Arnold for a
thoughtful and thought-provoking paper,
and my thanks ior the privilige of
participating in this discussion.
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The Role of Germplasm Development
in Increasing Maize Productivity

D. Duvick

Pioneer Hi-Bred International,
Johnstown, lowa, USA
Presented by W. Kuhn
Pioneer Hi-Bred International,
Johnstown, lowa, USA

P hike to thank the Center for aliowing
me 1o be present on this auspicious
occasion. It would be gratifying enough
to celebrate CIMMY T's 20th year by
notng e organization’s many
contubutions to the agnicultural
development of Third World countries,
But its all the more appropnate that we
are rmatking the event by looking ahead
Lo alarger role for the center's traming
prograrn. In my judgrnent, this activity s
an essential complement to CIMMYT's
research efforts and almost certainly will
multiply the benetis of your efforts to
mprove germpiasm,

The role of germplaso dovelopment in

Cultural/Social Interactions

The trend line fnor US maize yields has
increased continually since 1930 in
contrast to the 30 years or so previously
when yields remained virtuilly
unchanged (Duvick, 1984a). Nurnerous
stuches have shown that the largest
single cornponent ot thosc increases has
been genetic unprovernents in the seed
planted by farmers, Other studies have
shown that the rate of gain attributable
to mnproved geneties has been fairly
constant. Increases in on-farm yields, by
contrast, have not heen so orderly, due
nlarge part to vaaations in the weather
from year to year

In the mid-1950s, maize yields in the US
began a steep upward climb that
corresponded with the mcreased use of

INCIeAsig maze productivity s gredltly
enhanced or durimishied Ly social,
political, cultural, or environmaoental
considerations.

synthetic nitrogen tertihzer. The two
curves-- yields and mitrogen
consumption--are, in fact, almost
dentical for the next 15 years. But
before we assume a one-to-one

Hoyou'lt pernat e, 1I'd ke o pursue that
thought a bit further since no element in
this entire effort can be effecuve
standing alone The 1ole of germplas,
development inincreasing manze
productvity can be greatly enhanced or
dirmimished by social, pohtical, cultural,
and environmental considerations, D
Schuh has already addiessed the
potential impact of national and
international policies on Third World
agneultural development. | don’t want (o
preempt any of the distinguished
speakers who are to follow me. But as o
foundation for my topic, I'd ke 1o trace
a bit of recent tustory for you o lustrate
the interdependence of these diverse
tactors
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reltionship between maize yields and
nitrogen use, consider these additional
points: plant populations during that
same penod almost doubled; chemical
fhierbicides began 1o replace mechanical
weed control, machinery and equipment
becarne more precise and sophisticated;
and tarmers began planting their corn
crops carlier in order to take fuller
advantage of the growing season. Most
important, a steady succession of new
hybrids allowed farmers 1o exploit the
potential of these management
improvements. Each new gencration of
hybrids had greater stability and more
yielding ability than the one before,

During that same penod, other elements
probably influenced the slope of that
curve as well. Certamly there were
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geonomic incentives, for farmers as woll
as their suppliers, to produce more gran
both per unit of land area and in total
There was also the perception that the
United States had a certim moral
responsibiity 1o feed the rest of the
world These tactors are more dithcunt 1o
quantify but they must be taken into
dccountan any comprehensive plan to
atfect posiive changes i tie agncaiturl
developraent of Third Waorld countries,

Fawvon’t attempt 1o addoess the aiitodes
and circamstances at can and addl
attect the degres: o wiieho improved
GEHNPIALIN Can mnoredse mgne
productivity ontside thie U, other
SprrEers dre much more knowledgeable
on those subjects But | ask you to
remember, throughout this conference
and when vou teturn oo yvoun particnda
arca of speaiahzanon, that wie muost
amploy o tully integeated systemns
approach 1o the anportunities for further
igrcuitural developrment i the Fhird
World it we are to be sucensstul

Expectations for the

Contribution of Improved
Germplasi to Higher Yields

For the moment, 10's assume we can
isolate germplasm from the other
components of inproved productivity and
examine 1t scparately. What (s a
reasonable expectation for the
contnbution this singie element neght
make? One recent study of marze m
Minnesota (Cardwell, 1982) showoed that
the move from open-polinated vaneties
1o modern hybnds accounted for 16% of
the yield gams maae since 1930, Othor
general breeding noprovements added
another A3% 0 This s somewhalt less
than the vield gains attnibutable to
genetie ainprovements that were
demonstrated in separate studies by
Duvick (1984b) and Russell (1974)
Since Iam most comfortable with the
methodology used momy studies, | would
ke to cite my results as an example of
the potential aviilable to us

In trials conducted from 1978 through
1980 in lowa on a series ol 47
commercial hybnds released at intervals
from 1934 to 1978 and one open-

polinated vanety of 1930 vintage, the
increase in yield provided by genetic
improvernents averaged 92 kg/ha per
yoear This s equivalent to 89% of the
total yield gamn i lowa for the same
petod. A second cxperiment using sets
ol single-cross diallels showed a yield
gamn adrnhutable to genetic improvements
of 73 kgiha pec year or 71% of the total
yield increase

The Components of

Improved Germplasm

Fhee design of iy own and other
capenments (Austin et al., 1980;
Castleberry ef al , 1984, and Russell,
1384) has shown that the ncreased
vield capacities of the newest hybnds
and vaneties, in relation to thos: of older
cultivarrs, are exhinited not only when
other inputs are optmal but also when
fertihty, pests, and envitonmental
conditions are unfavorable. It's true that
the yietd advantage of inodern hybrids is
greatest when potentials are greatest and
that the spread between the highest- and
lowest-yielding genotypes grows smaller
As ferotity and other {actors place greater
hinits on yield potential, But that should
not be surpnsing if one realizes that no
known genotype can make grain with
zetoinputs. The pomt is that the higher
yields of th~. new hybrids and varieties
are due to thenr improved resistance 10
environmental stresses and to disease
and insect pests, rather than to simple
“yield genes’' that are expressed only
under ideal growing conditions.

Given the fact thai most new varielies
and hybrids are tougher and more stable,
under all environments, than older
vanetes, it's useful to exarmine the
specihic trats that provide this higher
vield potential. Maize hybrids, in
particular, have received a good deal of
attention in this regard from several
experimenters (Castleberry of of., 1984:
Duvick, 1984h, Meghj et ol , 1984:
Russell, 1984)

The research results have consistently

shown that the new hybnds are greatly
nnproved in root strength, i resistance
to stalk-rot fung, in resistance 1o heat

and drought, 1n ability to tolerate
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madequate levels of nittogen, in
resistance to European corn borer
(Ostrnia nubdabsy, and o abibty 1o
withstand the deiclenons consequences
of dense planting rates The sutn of
these genctic unprovements, then, 1s
what ailows the new hybids o yield
better than oider ones, undm good
condiions or had

Strategies for

Germplasm Improvement

The genetic contribution to
improvements in the productivity of
matzean the LIS s thus well established
What may b of qreater mterest 1o ths
body, however s the way 1t came
about For out of that, we o may be able
WO dervedon o aable sttategy forimproving
the producteaty of meze in developing
COuNties as el

Fiest, and most raportant i omy
judgment, s the fact that much of the
avallable germplasm was tughly
charactenized, especially as inbred hnes
with known performance in hybrids.
Public institutions and povate companies
focused a good deal of then effort on
exanumng breeding matenal for usetul
and potentally useful tats  The rosult
was a source of elite germplasm that
was truly ehite These cataiogs of genclie
information made qermpliasm
improverment casier and maore ethcemt
than would have been possible
otherwise:.

Frecognize that making sclections out of
diverse populations and synthesizing,
improving, and then releasing
Intermedinte viseties was pethaps the
only way, mitially, of serving the many
national programs in the Third World.
But with the increasing sophistication of
some national progreams and CIMMYT's
new mbred development effort, &
program to thorouaghly chactenza the
Center's most nomising genehe
selections, especuilly m hybid
combmation, would scem o wonderful
opportunity to broaden the Center's
influence on geanplasim unprovement
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IF 1 were permitted 1o cite a single
example from my own company's
international research program, it wouid
be that our most dramatc successns in
maize germplasm improvement have
comne from the use of tighly
charactenzed matenal whether trom
North Amencan germplasm (often
ntegrated nto ttomeal or subtiopical
matenat) or, as in the case of o
research program in Asia, from
selections in locally adapted matenals

These results, | heieve, suggest that a
cooperatese: etfort i thes regard by
CHIAYT aodd national program
researchers coua unprove the rate of
Juimplasio anprovement exponentilly,
However as De Cantiedl has pointed ot
na previous discassion on this topie,
using the most approonate techques
Can be almost as nnortiant as having the
best avaldable genmiplasin So a program
ob this sort would also tequire o
signibcant comantiment 1o the
devetopment of improved resednch
technques within many national maize
programs

Nevertheless, | sabrt Laal such a joint
effort rmght well provide the greatest
possible return on the Conter's
HSOUTCeS

Genetic Diversity a Key

Another elerment which has contributed
to the success of germplasm
mmprovement in North Amernca and,
again, one which may be strategically
approprate for developing countries, 15 a
sttong emphasts on genetic diversity. At
the present ine, US farmers piant
several hundred difterentty named miaize
hybnds. Even allowing for those cases in
which the same hybnd may have several
diferent namaes or numbers, the diversity
ol maize germplasm is surprisingly broad,
more than s usually supposed (Duvick,
1984¢). (One must remember, nowever,
that US farmers tend 1o concentrite
maize planungs on a relatively sman
number of supenor hybrids, Thus, the
available diversity 1s not spread evenly
around the country.)
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In addition, there are tens of thousands
of erperimental vaneties in various
stages of testing. Behind those are
numerous primary and seconddary broad
based gene pools. Ultmately, of course,
they all tace back to a rather srnall
percentage of the total available number
of landraces and wild retatives of maise
However, considerable outerossing and
introgression have taken place over the
yedars, o mtroduce and adapt certan
exotic matenals to US growing
conditions. This breeding effort has
resulted in the introduction of significant
amounts ot genetic diversity to US
minZe In many instances, the
introgressed germplasine contamed usetul
additional genes whose achorns was
unknown or unsuspected until g new
disense:, msect, or environmental
problerm appeared

For eample, when o new vitis complex
appeared in the roid-south growing
region of the US some 20 yvears ago, it
was found that certam maize mbreds
with a small amount ot Canbbean
patentage give excellent resistance 1o
the disease (Duvick, 19840 The
Canbbean getmplasm was onginally
introduced to anprove husk coverage and
heat resistance of Midwest inbrods, 1o
better adapt them to southern growing
conditons. But the: “hidden’ gones
nroved to be of greater bonefit than than
those providing the charactenstics
onginally sought

The point, of course, 15 that hroadening
the diversity of germplasm used n
national programs will provide some
obvious henefits, batat may also have
uscfulness that we cannot anticipate

Additonally, the US expenence
crphasizes the absolute necessity of
strong, continuing plant breeding
reseatch  especnlly in the national
progratns 1o provide broad-based
sources of new genetically diverse
hybrids and/on vanieties at regulan
mtetvals . This provides for ""genetic
diversity i tme, " the essential bhut
usually unrecogrized basis for stability of
performance in the face ol disease and
insect pests which are constantly
changing

Complementary Specialization

The last strategy for increasing the
productivity of maize through germplasm
nprovement 1s somewhat more
philosophical than instructional, but it is
an area in which we have done only a
moderately good job in the US. Perhaps
vou car. learn from our mistakes. 1m
speaking of the determmation {and
disciphing) to specialize in what you do
better than anyone else and, at the same
tme, 1o help stucture a system n which
the work of one group complements and
supports the work of others. Typically,
this 1s an evolutionary process in which
an organization’s experise, s resources,
and its people help define s role.
Unfortunately, there may be a reluctance
to focus the sum of one's resources on
those activities that would contnibute to
the: greatest good hut which nught not
necessanly be of the greatest interest

We are in the ronic position ol being

able to move genes lrom one species to

another while lacking the Anowledge to

determine wineh (/wn“ control or
ontebute toowlneh tronts

In the US, for example, we are just now
being made aware of the large gaps in
our knowledge of basic blologv and plant
physiology. This “awakening,” if yvou
will, 15 the result of the rapid advances
being made in biotechnology. We find
oursetves in the somewhat irome position
ol being able to move genes from one
species to anovaier but without the
knowledge to determime which genes
control or contribute to which traits,

There s ittle purpose 0 attermpting o
athix blame for this situation. But we
should ask ourselves who should have
been domg that basic tesearch: our
colleges and universities? The
government? Or private industry? Maybe
each thought the oiher was domg . Or
perhaps grant money was only available
to fund other, more product-onented
research. The pont is, it didn't get the
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emphasis it should have recoived The
price of that neglect will be a slowing in
the rate of germplastm improvement

The problen we are expenencing today
might have been avaided by better
communication and cooperation among
the vrganizations whose ulbmate
responsibiity 15 1o bung improved hybrids
and vanetes o farmers, I would not
have been an casy thing to accamplhish
because of the social and pohneal
considerations | alladed to eathior Bot i
wir had known then what woe b now oV,
I suspect the most apprapiate

candidate  that 15, the orgamzation with
the grestest cuportise, the avalable
rasources, and the people to carry it

out would have assumed thiat role

Fhe consequences of genetic
isolationism”’
already evident: we cannot allowv that to
happen to the

m the case of colfoe are

world’s meyjor food crops.

The Role of CIMMYT

These, then, are the possible strategies |
see for optimeang the contabution of
improved germplasin o the increased
productivity of maze in the developing
countnes of the world 1 recognize that
aven if you agreed completely with these
suggesuons, to unplement them would
involve a good deal maore than simply
constructing the necessiary framework
and estabhshung the programs. But | also
know that we must move ahead, aned |
see a unque role tor CIMMYT as 7
catalyst m hat process. | will be bief
my summary of those opportumties ancd
perhaps my recormmendations will
provide Dr. Sprague with the clements
necessary for o hvely chiscussion!

First, the geanpiasm resources
mamtamed by CIMMY T can and, |
behieve, will be most widely used if they
are adequately charactenzed. They will
contribute not only umproved

performance traits but also greatoer
genetic diversity when they are
introgressed into locally adapted
matenals. n those national programs
that are ready 1o utiize breeding matenal
tom the Center's new inbred
development program, the impact would
be nven greater

second, CIMMY T can and, | feel, must
continue to serve as a condut {or the
free and unrestnicted flow of agermplasm
between the developed and the
developing countnies We have alteady
begun to see the consequences of
Cgenetic asolationsmT m the case of
coltee: We cannot aliow that 1o happen
to the world’™s major food arops

fhard, and finalty, CIMMY T has o untque
opportunity and atnlity to pull together
and foster communication among the
diverse national programs for maize m
the developimg countnes, 1o help tram
then rescarchers and cducate the
producers, and to hedp remove or hurdle
the poliical and social obstiuctions that
will itevanably be placed m the path of
those who wonld movie these programs
forward

Cwill beasmajor eftort It wall require
piatience, perseverance, cooperation, and
urnty n the goals you set for yvourselves,
Itwall also require the support of the rest
of the world's agncultnal community.
And i the attendance at this 20th
anmiversary celebration s any indication,
you shall have it
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Discussion
EW. Sprague, Hull, Georgia, USA

Dr. Duvick has covered many interesting
and thought-provoking points in his
paper. He begins by puthing the role of
germplasm in parspective amidst the
vanous factors that atfect the potentim of
crop yrelds. b am sure: that all of s
would agree that these factonrs
necessitate a multidisciphngry approach
to analyze and work on the broade: mosue
of increased productivity Ot cotrse:, thee
relative importance of these factor may
be questioned and could provide ssues
for a tong debate

Contribudan o

improvad Genaplasim

P sure we would also agree that
germplasm developroent s o maor factor
in the establishinent of mcreased vields,
and that all the many factors influencing
yield make anmieqrated team approach
necessary in any such plant improvement
program 1t would be interesting to hear
more about thee refative influence of oot
stiength, stalk ot resistance, heat and
drought tolerance, and vanous other
factors on yield potentil, vield statahiy,
and adaptator

Strateygies (o

Improving Germplasm

With regard 1o strateqgies for gernmplasm
improverment, | believe all plant broeders
accept that charactenzing the germplasm
is essential to achieve any goal. CIMMY T
has been charactenzing and refining
gerrnplasm continuously as part of ity
responsibiity. However, it might he
argued that too severe a charactenzation
oo early 1 a large germplasm
development program could tesult m the
elimnation ot potentally very useful
germplasim. Therefore it might he bette
that charactenzanon tor certamn factors,
such as for specific comtinimg abihity,
should not e unplemented untl the Tater
stages of an improvement program - As
was noted, CIMMY 1 15 involved i this
stage of development This point is
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certainly worthy of discussion.
Furthermore, as part of a discussion on
strateqgies for germplasm o improverment,
wimust not forget that our highly
productive materals must be produced in
marketable: quantities and he of qood
qQuality

Gonetic Diversity

Penosure o great deal o1 discussion could
be stunulated on the way o which
geneto diversity could be most ethiciently
dand effectvely broadened and
mamtamed. What 1s the reliative
desrability of the system of pools and
populations versus mbreeding,
catalogmeg, and stornng imbireds, or a
combmation of cach?

One new method of gencrating genetic
diversity mentioned speaifically in the
paper s the movement of genes from
one species to another, made possible
by recent advances i brotechnology
With regand to our understanding of and
abity to utthize such teehniques, 1 would
perthaps not be as hard on the US as Or.
Duvick has been | would agree that an
understandig of compiementary
research s necassary for an appropriate
and umely implementation of different
techniques, and s true that someday
wowill probabiy ernploy many forms of
the new advances in biotechnology to a
great extentin the development of
productve: germplasm. Rescarch 1o
achieve this end s of importance.
Nevertheless, I would suggest that such
lechnigques are not nor will be in the
aear future the weakest part of our
system of germplasm development.

[hrough Hs role of germplasm
development and international testing of
varnous matenals, CIMMYT certamly s,
N many cases, enhancing genetc
diversity and reducing vulnerability to
pests at the national, regonal, and global
levels
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Opportunities for Increasing the

Yield Potential of Wheat

L.T. Evans

Commonwealth Scientific and Industrial Research Organisation,
Division of Plar:t Indusiry, Canberra, Australia

Fwo and o halt thousand years aqo
Soctates o reported o bave sad to
Fsenomacihnes, ' should hke first to leamn
how [ should cultivate 1and to
obtam most wheat™ (Xenophon, The
Oecononucus) So m giving mie tie title
tor thes fatle, CIVINIY L s asking an old
but shil important quaeston

I tines of surplhos gramy, as now, there
dre alwany s oy to argue thi areatin
cheld potento ey the Tast thimg vwee necad
Wt when e Surptuses dsappear, e
Ty abwaye have done, giedater yield
potential hecomes o tavored goai agon

hen ther e those who want to retun
o more cnvaonmentally nmnocent, low
DU systemes cather than prasue ever
tngher yaclds. How the workd would
suppart more Haan one bithon people
Wit stch systermes and proteet valnerabie
margmal iond 1onot cleon

Ihere are also those who argue that
ronstg the low and uncertam yields
obtamed m adverse cnvioonmaoents s
much more umportant than rasimg yieid
potertiais st further But even i
developed countnes with strong reseanch
Orgdnzations, we have made only slow
mogress in such envinonments, and
while the world s populabion continges to
Qrony e tons b e vnebebs whie e e

an

But tgbompnt croppiigg s not

savoothers That s not the
cave tor taropean wheat growing today,
noi need it bie so oeven when the
distortioss of the Common Agucultural
Policy hove qone then way, s Bingham
b gl 1TO85) have arqued. So, despite
these and other cavils, CIMMY T has
nabitly taken the long view in highiginhing
areater vield potential ot this anniversary

cotnpntitive,

Yield and Yield Potential

Fhe vield of wheat crops is determined
by many factors, envirtonmental, genetic,
andd socoeconomic. Yield potential may
be defined as the yield of a cultivas
arown in environments to which it is
adapted, when nutnients and water are
nonfuniting  and when posts, diseases,
weads, lodging and other stresses are
eifectively controlled  There will be many
wheat crops inowhich vield potential, by
this defiation, s or'y a nanor imitation
unoyield . But as we come to rely
mereasmgly on nngated or high-input
crops as o major stable component of
alobal wheat production, so does the
Immtation of yield potental assume
greater sienthcance Silvey's (1978)
analysis, tor example, indicates a sharp
merease i the contib ton by genetic
vield potental to the nse m British wheat
vields in recont years, and a similar
conclusion can be drawn from the vyields
and yield potentiat of marze crops in the
USA

Fhe tendency of people at each stage of
our history 1o believe we have reached
the Tumit his applied to wheat yields no
less than 1o other patameters of
advance. When Van Gogh pamted his
cornheld just one hundred years ago
there wete “experts”” who thought yield
cotld go ne higher Even Vavilov voiced
a sumlar thought H0 years later when the
maghest wheat yield known to hium was
3.5 tha, e Dngland. Bty vears later stll
the average whoeat yield in the United
Kingdom was more than twice as high
(7 6 t/ha m 1984) as that and the world
ecord wheat yield stands at 15H.65 t/ha,
reached by John Potter of Tidworth,
England n 1982 Yot both Jensen
(1978) and Ausun (1978) were
pessimustic about further mcreases in
yield potental, Austin's careful estimate
bheng 11.4 10 12.9 t/ha for winter wheat

79



Py
Poratet

in Britain. However, there is no sign yet
of an approaching yield plateau in either
the UK or USA, and the gans from
hybnd wheat and other advances have
yet 10 be exploted. Pretimanary resuits
with hybnd whoeats, tor example, mdicate
further potential yield gains of 10 10
25% (McRae, 1985, Gale of al., 1986
Bingham, 1986). Before considenng
avenues for turther inprovemient, wae
need a perspective views of the yieid
gamns achieved so fon
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s ESe e e
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The defirition of yield potential given
above indicales how it can be estimated
by tnats i which the crops are amply
watcred, ferihzed, supported, and
protected Protection from lodging,
pests, and discases s cracial to o fan
assessmuent of the older cultivars
Without it their victd potential s
underestimated and subsequent qenedic
advance 15 overestitnated, as m seviral
studios,

Our expenmend aith Bonch winter
wheat vaneties (Austn of o, 1980)
indicated that vield potential had been
ransed by about A0% i the 70 yoears
since Little Joss was released and that
the tate of increase showed no signs of
declining  These duect estimates can be
compared with indiuect estimates macdo
by an analysis of winter wheat trials
conducted by the National Instiute of
Agneultural Botany (NIAB)  These have
the advantage that cultivins are
compared under the aaronormig
condiions for which they were broed, and
the disadvamage that they may
overestimate progress f the oulqgoing
standard vanety beqins 1o fail in s
resistance to disease But the results
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were guite comparable with the more
direct measurements of yield potential,
giving only o slightly higher rate of

advance, as may be seen in Figure 1.

Fxpenments by Discher and Wall (1976)
and Waddingion ef al. (1986) indicale a
comparable rate of improvement i the

vield potential of CIMMYT lines of bread
wheat (Figure 1), and more spectacular

Relative yield potental

2.1+ A

LE;]Wmler wheat, U.K.

gWinter wheat, New York

194 =mSpring wheat, CIMM'(T

QaSpring wheat, UK. Y

1 4ADurum wheat, CIMMYT [Jé
i

/

1 J 54,
1.5
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Year of release

Figure 1. Changes in the relative yield
potential of wheat cultivars in relation
to the year of their release. 1950
releases assigned a value of 1.0 for all
except the durums.

Source Austin ef al 11980) for winter wheats m
the UK, National Institute oi Agricultural Botany
tals for hoth winter and spung wheat cultivaes
e the UK (Evans, 19803, Jensen (19/78) for
winter wheats in New York state, Waddington of
al 11986) for CIMMYT sping whoats, 1983-84
season, and Waddington et al {1987) for
CIMMYT durum wheats, 1983-84 5e0s0n



improvement is evident in the
experiments with CIMMYT lines of
durum wheat (Leihner and Ortiz, 1978:
Waddington ot al, 1987), as also in the
NIAB tnal results for British spring
wheats. Relative increases have been
more modest for wheat cultivars in New
York State (Jensen, 1978) and Sweden
(MacKey, 1979), but the absolute yield

Yield of aram or biomass (t/ha)

189

1 o0& Winter wheat, .
¢ Winier wheat, New York

O ® Spring wheat, CIMMYT

A 4 Durum wheat, ,zs’m/““

o

@
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"; I i ! T ¥
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Figure 2. Changes in the yield per crop
of grain (solid symbols) and above-
ground biomass (open symbols, dry
weight) with year of release for wheat
cultivars grown without limitations by
water, nutrients, lodging, or pests and
diseases.

Source. Austin et ol (1980) for winter wheaty,
UK, Jersen (1978) 1or winter wheats, New York
state, Waddington ot ol (1986) for CIMMY 1
sprng wheats, 1983 84 season; and Waddington
etal (1987) for CIMMYT durums, 198484
K500

levels should also be taken into account
in comparing these plant Iimprevement
programs, as is done in Figure 2,
because the fastest rates of improvement
in relative yield potential are for such
crops as durum wheat ot CIMMYT or
spring wheat in the UK where the initial
yield levels wore lowi

Mote that the absolute rate of increase in
yield potential over the wast 10 to 15
years has been simlar for UK winter
wheal and for CIMMYT snring wheats
and durutn wheats, and *ouch greater for
the bread wheats than in carlior years.
By contrast, average yields in the UK and
m the Yaqu Valley of M2xico have
diverged substanually over the last 10
years, as shown in Fi; 2 3. Comparison
of Figures 2 and 2 indi. 1t s that
whereas the gap between potential and
average yield has narrowed in the UK, it
has widened in the Yaqui Valley,
presumably reflecting socioeconomic
polizes more favorable to the use of
mputs and mitensiva agronomy in the UK
tharin the Yaqu Valley.

This companson allows me to make the
point that actuai crop vields depend so
much on the interaction between
genotype and the level of agronomig
support for the crop that it is nol really
rmeaningful to divide the credit for yieid
mncreases between breeders and
dagiononusts as if their contrnibutions were
independent of one another. They are
not, but before discussing this further, let
us consider one more case, namely
wheat in the USA Figure 4 illustrates the
substannal (2% -fold) rise 1 the average
yield snee the late 1940s. The beginning
i the nse more ar less comncided with
theantrod iction of shorter cultivans,
which have largely been eplaced over
the dast 10 to 15 years by semidwarf
varieties. As Dalrymple (1986) has
shown, the nse in wheat yield has
closely fol'owed the cuive for the
proportion of arca sown 1o shott and
semidwarl cultivars, but it follows just as
closely the nise in the proportion of
wheat crops 1o which fertilizers are
applied, as may be seen from Figure 4.
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Clearly, it is not easy to disentangle tne
contributions of breeding and agronomy
to rising wheat yields. Mor should we try
too hard (o do so0, beyond discerning
where the major himitations e, because
itis ther interaction which is crucial to
furiher increases, not only of yield but
also of yield potential

That vanetal improvement encou ages
the greater use of inputs and better
agronomy 1s well known, and Figure 4
could be interpreted in that hght. But it s
equally true that advances m agronomy
open up new opportunities for breeding
The best known example 15 the advent of
cheaper nitrogenous fertilizers, which
created a need for shorter cereals less

Grain yield (tha)
8_

@ United Kingdom
O Yaqui Valley, Mexico

prone 1o lodging, while the development
ol more effective herbicides made this
change possible. Better herbicides and
machinery for faster tillage also made
more tnely cultivation and changes in
crop scheduling possible. As a result,
winter wheat crops i the UK may now
be sown a month or more catlier,
opening up opportunities for increased
yield, particularly after vanieles have
been bred to take advantage of this
change (Bingham et al., 1985)

But thete s also a more subtle
interdependence between plant breeding
and agronormy which should be better
understood, because it has important
imphcatons. As we shall see later, the

T I T

I
1950 55 60 65

T ] T 1

70 75 80 35

Yoar of harvest

PNV

Figure 3. Wheat yields in the UK (solid symbois, FAQ statistics) and Yaqui Vallay,
Mexico {open symbois, Secretaria de Agricultura y Ganadgria).
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increase in the vield potential of wheat
has been achieved without any increase
in the rates of growth or photosynthess,
and without much change in biomass
{e.q, Figure 20 Clearly it bas had to
come fror changes in the allocation of
that bromass among the vanous organs
of the plant, as was fust pomnted ot by

cultivars may not perforin well under
adverse conditions, and why cross-overs
m yield performance may be found.

Such mterdependence also makes it
important tor centers ke CIMMYT to
mamntan a propern balance and hvely
mteraction hetween plant breeding and

van Dobbien 11962) But reduced
allocations for the growth of 1ooty,
Sterns, of feaves, o for teserves, are
hkeby 1o reduce competiiveness with
woeeds, recovery from pests and

and the abibty 10 survive
crnvitanenental and other stresses
Fowevet as e agronomic control of
these assaults on te wheat crop has

agronomy i further gams in yield
potential are to be secured. The dictum
“Not by bread alone” should be

extended with ““nor by breeding alone.””

With that background let us turn to five
areas of opportunity for increasing the
yield potential of wheat, namely:

e

unproved and becote more predictable, * Growih and photosynthesis,

the plant brecder has been able to select * The timing of the reproductive cycle;
culivars with 4 reduced investinent o Shufts i beeornass allocation:

st leaves, toots, and reserves, e Hegulatory processes, and

thereby freeing assemiates for greater ¢ Eoviionmental responses

imvestument i the gran, higher hotvest
mde, and greater yield potential, That 1,
one reason why plant ieeders prefer 1o
select under high mpuat-cond.bions, but it
also evplams why soree improved

Batin domg so we should remermber
that the yield of a crop is the miegrated
end product of many processes. There 1s
no singhe key to ncreased yicld potential,

Whieaat yie! bt
Vit v (1ha) % Area m shorttO) o1 seon-dwarti O vaneties

309 % Area fortiized (A)
. r80
254
60
40
20
T T T 1 T T
1900 10 20 30 40 50
Yo

Figure 4. Wheat yields in the USA in relation to changes in the proportion of area
under short or semidwart cultivars.

Sowce Adapted troms Daltymple (T986), with the addiion of data on percentage wheat
stea dethhzed from the bve yoarly US Census of Agniculture: (Daleymples, 1980
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no touchstone, and each characteristic
interacts not only with the environment
but also with the rest of the genome.

Growth and Photosynthesis

Plant breeders often ind o hard 10
believe physiologists when they assert
that growth rate has not, so far, heen
improved by selection, because their
cyaes may tell them otherwise. But a
slightly earlies start atter sowing o a
larger embryo i the seed can result in
substantally bigger plants at any one
ume, and penodic harvests are necded
to decide thessue. Relative growth 1atos
(RGR), the loganthinic rates of mcrease,
musi be compiated on plants of the same
size. When this has been done with
wheit, the RGR values are remarkably
similar whether wilds or cultivated, Gaplond
or hexaplod, till or dwarf, o
hormozygous or hybnd line: aro
compared (Evans and Dunstone, 1970
and unpubhshed, Evans and Bush,
19871,

Crop growth tates (CGRY are very
sensitive 1o nadiance (Fischer, 1985a)
and there have been few comparisons
across genotypes  The CGR s little
affected by stature (Fischer ot al, 1981),
but may be greater i cultivars with more
inclined leaves (Green, 1987) Biomass
at matuninty Las been more frequently
measuted. Austin et o/ (1982) found no
consistent difference m final biomass
between the vanous genomes and ploidy
fevels in wheat, and compansons of old
and modern cultivars by van Dobben
(1962), Austin et al (1980), Deckerd ot
al. (1985), and Kulshrestha and Jaim
(1932) revealed no increase n biomass
as yield potential has nisen (g Figure
2V Waddington et al (1986) found that
three of the highest yielding 1ecient
CIMMYT wheats had greater biomass
and tigher apnarent 1ates of biomass
accumulation, but these three cultivars
also had the fongest tme to matunty ‘and
probably expurienced higher average
temperatures and o greater proportion of
the bfe cycle with a closed canopy. The
compartson ol CIMMYT duram wheats of
differing vintage also mdicated greater
biornass in some recent cultivars
(Waddington et al., 1987, ¢f. Figure 2),
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but in this case longer duration is not th
explanation. However, these results are
not necessarily in conflict with the
conclusion that maximum growth rates
have not been incicased. It may simply
he that there is more ate growth, as
seems to oceur with the longer “'stay
green’ ol moderne maize hybnds, with
higt. biomass barleys, and with some
wheats with lax leaves (Grecn, 1987).

Growth rate depends on the balance
between gaing from photosynthesis and
losses from respiration. These latter can
be a major friaction once the canopy has
closed and we still know lar too little
about possible varietal differences in the
ethicienzy and coupling of dark
fespiration. As for photosynthesis, there
tono evidence in whedt to sugyest there
has beert a rise in the maximum rate per
umt teal area. In fact, cornparison of the
wild diploids with the modern hexaploids
ndicates that this 1ate has fallen
substantially in the course of
domestication and improvement (Evans
and Dunstene, 1970: Khan and
Tsunoda, 1970; Austin ot af , 1982).

This apparent paradox is due 1o o
frequently negative relation between leaf
arcarand COp exchange 1ate (CER). For
a given armount of leaf weight and
photosynihetic enzymes, the plant can
have alarger area with a lower CER or
vice versa. The former strategy is betier
m the early stages of crop growth and in
Sparse stands or weedy conditions,
whereas the lalter is more appropriate in
dense stands. Selection among spaced
plants for high yields often seems to
result in larger leaves, which could
account for the fall in CER even though
the negative relation between leat arca
andd CER 15 not always strong (Rawson et
al., 1983}

The CER of wheat is comparable with
that of other crop plants with the Cy
pathway of photosynthesis, such as rice,
but is notably less than the maximum
tates found i crops with the Cg
pathway, such as maze and rmallet, as
dustiated in Bgure b Higher RGR 15
associated with, but not necessarily due
to, the higher CER, but the superior
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performance of the C4 millet at higher
termperatures s coupled with much
poorer performance at cool
termperatures. In fact wheat 1s
rermarkably well buftered o © aperature
mats growth and photosynthesis, and 1s
as well adapted to its environmantal
niche as nce and millet are 1o thers.

Mhe most spectacular, Bt also remote,
hope for nnprovement would be the
finding or engineering of a more efficient
form of the often rate-miting
photosynthetic enzyme, nbulose-1,5-
hisphosphate carborviase-oxygenase
frubrsco). This constitutes - to a third
of the protemns in wheat leaves, and may
determime ther photosynthetc rite
(Lvans, 1983). Such i key ensyime s
hound 1o have been under strong
selection pressure, both natural and
artficia,. Some vanation in s Kim and
specitic activity has been found amony
wheats (Evans and Secmann, 1986,
With alloplasinic lines, howeva., no

RGR (gg-! d-1)
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difference was tound between the
nuclear genomes of wheat in their effect
on the specilic activity of rubisco through
the small subunit, while the differences
assoctated with the large subunit (high
for B and S cytoplasms and low for A
and D cytoplasms) were found only in
vitra {Evans and Austin, 1986). The
Ikelhood of genetic engineering giving
nse to a significanty greater specific
actraty of rubisco s not high, but its
potenualb impact is so great as to merit
continuing effort.

e Timing of the

Heproductive Cycle

The spread of wheat growing around the
world has depended to a considerable
degree on the ability of plant breeders to .
modify when the crop reaches such
stages as inflorescence initiation,
anthesis, and maturity in relation to local
clirmatic conditions. Such modifications,
by ernpirical selection against untimely
reproductive development, led to close

B

CER(ng CO9 cm2 5-1)
160~

—

1204

Day temperature (°C)

Figure 5. Relative growth rates {A) and photosynthetic rates (B) of wheat cv.
Yaqui, rice cv. IR8, and the millet Echinochloa frumantacea as influenced by

temperature.

Source: Evans and Bush (1985},
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local adaptaton. Butinwemational centers
such as CIMMY T breeding wheats for
many different cnvieonments, had no
option but to empbvsize adaptaity and,
therefore, relative osensimvity o the
seasonal signals by winch close loeal
adaptation s obtained Mthough such
cinphiasis may have mwvolved some loss
m o local yield potential, this has probably
been more than autweraieed by the
.!(J\J.Hl[d(;(‘: of G PO i e
seale crossing prawan Wiat b,
together genes with o facotmie infloene
onogeneral viewd potentad The
copenmments of Woddmagton of e o186,
POS/Y suggest hat these advantaiges e
by no means cohausted, bat there s aeo
lihely 1o be considerable scope for furthior
nereases i yied potential by selection
tor locat adaptation

For example, close matening ot the cuop
e cycle with the length of the growing
see ton, and m the g of ds meor
steps with the probabie seauence of
tempaerature, anradiance, daylength, and
such stressens as drought or frost as well
as disease, s bound 1o be advantageous
The necd 1o avod iostingury of young
mllorescencess, dronghl steess gt me osis,
Ot high Wernperatures dunng grinn filane
May reqgaire stiong enatonmentil
controls on mflorescence antition and
development wihuch have heen selected
out of adaptable vanetes Ervitonmental
stress may resalt i aquite: clearly delined
optimurn trmes for antneses (e g
Woodiutt aned Tonkss, T983) hut oven in
the absence of Such
kety 1o be ar optimnm batance between
e mam stages of the ite oycle, whieh
vanes with the seasonal sequence of
cnvitanmental conditions

Jresses there s

Consequently, as Syme (19681, Hunt
(1979}, rord et af (198 1), Hougendoom
(1385) and othens have shown, there are
pronounced regional ddterences o the
relative magnitude of 1esponses 1o
vernahization and dayviength in hoth
spring and winter wheats (Davidson ot
al, 1985) Many cuitivars from high
abtudes are sensitve to daylenagth, and
many from muddle lantudes to
vernahzation, while those from low
latitudes tend to he insensitive to both
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factors. Major genes for hoth the
vernalization and daylength rasponses
areowell known (Law and Scarth, 1984),
but our understanding of the ways in
which they mfluence yvield potental is far
from adequate For example, why so
ity Australin cultivars have a
stigrificant response 1o veraghzation, or
why reany vanter swheats from Europe
respond to shoct day vernalization, s still
not clear

Much may st be goned from turther
smodieations of the contiols on the
reproductva el as suggested by the
hndimgs of Waddmagton e o (11987) an
the: significance of Jater anthesis for yield
potenuabin durum wheats. My recent
worl with Luropean winter wheats
mdicates that the control of inflorescence
mntiation by daylength may be quite
separate and different from its control of
mflorescence developrent, and genes
from winter wheat may contribute 1o
yield potential o spong whoats inovanous

WY

Fhe reproductve cycle may also have to
be modibied as agronomnie pracuces
change For exannple, faster land
preparation now maebes i posasible for
Furopean winter whent 10 be sov  ne
tmonth ot 50 eather, and the nesd to
utiize the substantal ame s of residual
mitrate in the: sonl before wintor makes
cator sowing desirable on the grounds
Ol Cefhciency and enviconmental
cotaderations (Bingham ot al., 1985).
However, such a change is hkely 1o
require selection for delayed
mborescence nitiation 1o ecnsure that it
does not oceur betore wini

Detayed inflorescence imtiahon may also
be important for wheat at low latitudes.
Hoogendoorn (19851 tound low-atitude
wheats 1o reach var cinergence rapidly
owing not only 1o ther msensitiviy to
vernalzation and daylength but also to
carlmess per s This fatter charactenstic
has only recently begun 1o be studied m
wheat, following s entitication by
Hunt (1979 and Ford et al 11981 ). tis
found in high tatiteds whsats where it s
needed because of the short growing
season, but it may be disadvantageous



to yield potential in low-lattude wheats
with httle response to dayiength or
vernalization. When these are grown it
wianm teraperatures, 1 nonseasonal factor
that delivs mblorescence imtiaion
b necded to replace the asual seasona
ones When the International Bice
sesearch Institute (IRRD mtroduced
daylength msensitinvaty along with
seintdwart statire inonce, 1t so happened
thiat thes was commpensated tor by o oot
prolonged juvenile or bhasic vegetatie
phase m IRY, contnbuting to s high
vield potentiad Low datitude wheats
mght probit Sendarly because, as bisecheor
(TORDDY Tues pomtea out, 1t the
aceeleration of development at higher
wernperatures that s central 1o low wheat
yiclds o the topes

Shifts in Biomass Allocation

We have olready seen that much of the
pastincreass in the vieid potential of
wheat has come from a shift i the

reduce the penetration of light into the
crop canopy, and account for the shightly
fower crop growth rate i the most
catierie (B3) dwart wheat examined
by hischer ef ol (198 1) In our work
withiisogenic ines of Yague 50 and
CIANO G/, kndly proveded Ly CIMMYT,
sterm weight was reauced in | toportion
to sterm height, releasing a substantial
fraction of assirdates for imvestment in
other organs such as tllers or in
reserves. Netther i our experiments nor
in those of Fischer and Stockman (1986)
was the absointe Tevel of soluble
reserves in e stems greater in the
shorter mes, cithough our findings
ditfered onoelitive levels. But cleatly
most of e savings from reduced stem
growih are avested immediately in other
organs tather than reserved to support
extra gram growth ister on

Lyven when magor genes can be
imtroduced mto wheat by the technigues
clmolecalar biology, prolonged
olsenvation andd selection by skilled nlant
brocders viall 500 Dhe required (o
e the o ut ol such genes on

Alocanon of crop hiomass, with selection
for this made possible by nmoproved
agronotmie support tor e crop There s
BO Heason o suppose that this shift has
already teachea its et i whoeat

Indeed, Aastin ot af (19800 estimate that
the harvest indes of wheat could reach
620, therely rasing the vield potential

by a turther 25%, and this should be
reahzabie by selection as agronormic
practice advances

Fhe mtroduction of the reduced heigin
genes Bhtb and Bht? | made possibie by
better weed control and imade necessary
by greater use of nitrogenous fertibizerns,
has probably had the greatest anpact on
wheat vields net onty through reduced
lodagmg but atso through imcressed yicld
potential ot s not easy o document thig
assertion, howaover, boeause we shil
know too little about how these B
genes mtluence yield i spite of then
cnormous unpact on world food supplies

The addimon of the Bhtl 20 ar 3 genes
has no discormble eltect on relatve
growth tate, but sometimes delays mitial
germmaton o that the more dw

plants appear o grow more slow,,  he
later formed leaves of the more extrome
dwarls are closer together, which could

viedd poteniial,

AU this paint there appears 1o be an
mteresting difference betwoen winter and
spring wheats i what they do with the
savings e winter wheats the nise in the
rate of intlorescence growth halances the
fall in stem growth (Broo! g and Kirhy,
TO8 D), resuiting mohesivier ears ot
anthesis and propotbonagily more grans
per ear at matunty, counterpalanced to
some extent by a fall i kermel weight
Fhe review by Gale and Youssefian
(1985 indicites that this s the usual
effect ot the Bht genes o winter wheat,
whereas in spring wheats (hoth duram
and bread wheats) ther eftects quite
different, mcreasig the number of ears
rather than the number of grams per ear,
and baing iess consistently advantageous
to yvield. These results from compansons
butween isogenic hnes or groups of
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random lines of sprng wheat that differ
in their Rht allele are in sharp contrast to
the results of compatisons by Fischer
and Stockman (1986) of lugh yielding
sprng whaeat vanetes vath didferent Rht
alleles, i which Qrans per ear maoreased
far more than cirs per plant, Adjustment
ol the genetic backgrouned clearly his
magor effect on how the Bht gones
influence yietd potental

Our experiments with the CIMMY |
isogenic imes (Lvans and Bush, 1987)
underscore this pomt because the effoct
of the vanous BRht genes appears 1o
dtfer between the Yagqui H0 and CIANO
67 nes i severdl ospects, but
partcularly i rolabon to gian number,
JUSt as at does between winter anud sprng
whests With the maone extiemi: dwarts
m CIANO 67, gramm number ot Uty
was much less than expected from ear
weight at anthesis, espocially in coolor
condiions with the Rhi3 gene. Yet unde
these conditions with Apnl Bearded
Sptng wheat the Rhits gene increased
gram nurnbern (Gale and Fhntham, 1984
as it did also me Brush wainter wheat
hybinds heteiosrgous for only the Rhit3
gene (Gale ot af ) T986)

Howoever, the e<tent to which Savings
from stem arowth promote e arowth
also depends on envitonmental
condibons. Under low irradiance or at
high temperatures, the cars ol both
Yaqu H0 and CIANO 67 were heavier i
anthesis to the cxient that stems were
hghter. But at cool temperatures o high
trradiances, the cars of the taller hnes
were as heavy or heavier than those of
the shorter ones (s suggests thiat use
of the Rht gunes in sprng whoeats may
have then greatest impact on yietd
potental at lower [atitudes With the
CIANO 1sogenie imes under intermediate
condtions there was evidence of an
optimum height for yield potential, which
may make the more cxtreme Rt qene
particulinly vatuable in the production of
hybnds (Gale o ol 1986)

It seems tikely that further genet
adjustment may st be ncodod 1o
convert all the potential savings from
incorporation of the Rht .1enes into
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realizable yield potential, as with the
CIMMY T durums when the Rht genes
were first mtroduced (Leihner and Ortiz,
P78 Thus, the (‘()H(‘lll‘;l()l'l by
Waddimgton et al. (19086, 1987) that
recent mereases o the vield potential of
CIMMY T wheats are unlikely 1o derive
from the Rt and Bhiz genes, and are
not due to changed ;mllum:. of
allocation, may need maodification. This
analysis also suggests that even when
major genes can be inttoduced into
wheat hy the techniques of molecular
biology, prolonged observation and
selecton by skilled plant beoeders will
sl he requimed (oo maximize the Impact
of such genes on yield petennal.

}':"‘:\1!,{
Past mcreases in vield polonml have
Jwolved changes in the operation ol
requlatory processes rather than in the
efficiency of assimilatory ones. The shifts
m - allocation and the nse in harvest index
have been due, in essence, to
reduction in the demands for assimilate
by vegetatve organs, thereby permitng
qgreater mvestment i the youngy
inflorescence In turn this leads (o the
differentiation of more florets and the
setting ol more grams, and this in turn
creates a stronger sink in the competition
for assimitates (Cook and Evans, 1983).
Op this intwipretation, the increase in
grain number per ear or per square
meter of crop has been the riving force
tor greater yvield potential. Crop
photosynthesis may not have been able
10 keep up, with the result that, inttially
At least, there may be a fall in kernel
weight

RIAITEN

Among the CIMMY T durum wheats in
the 1983 84 expernment, for example,
grain number m-7 increasecd by 209%,
and grann nurnber per car by 114%,
from Tehuacan 60 to Carcomun 'S’
but kernel waigit fell by 16% although
both the rate of grain growth m-2 and
the: harvest index doubled (Waddingtlon
20 al., 1987} As Bingham (1986) points
out, there are many genes of quite large
effect available to increase grain number
m 2, but these may have hitle effect on
yield unless couplud with additional
apacity to hill the grains, as appears to


http:s.�vrr.is

be the case with hybrid wheats
(Bingham, 1986; Gale et al., 1986).
However, we also know that in wheat
the photosynthetic rate responds to
increased demand by the graing and that
high rates may be maintained {or tonges
when the demand s greater {e.g., King
etal, 1967, Rawson et al., 1976
Atsmon ef al, 1986). Thus selection for
progressively higher gram number should
make possible selection for faster or
more prolongued photosynthesis during
the gram growth stage, indirectly
ncreasing ciop biomass

The duration of grain growth is not
sunply determined by the supply of
assimilates but by genetic constitution
acting through requlatory controls on
grann size and on the time when hpd
depositon in the chalazal zone puts an
end to gram growth (Soheld et af |
1977y, However, the maxinzaton of
yield potental requites the duration of
photosynthetic actvity in the leaves (o
be synchronzed with the duration of
grain growth, It leal senescence sets in
too soon, gran growth s hmited, but
grame growth s atso hinited o leal
senesence scltson too late, with the
result that the photosynthetie CHZYINES
the leaves are not remobilized and
uthzed m graie growth. These and many
other requlatory processes are hkely 1o
be modified by selecnon as agrononc
unprovement makes this desirable, but
growth regulators may mecreasingly e
used as surrogates for selection, just as
nitrogenous fertibzers have acted as
surrogates for genehe improvement in
the rite of photosynthesis.
CUMVIRONTGE T Ly
Envieonmental conditions have proleund
ctfects on the yield of whoeat, but s s
not the occasion to review these, and |
must confine myselt to just one aspoect
of the nfluence of envitonment on yicld
potential. ihis concerns the balance
between photosynthetic assirmilation and
the reproductive cycle. Even with Spring
wheals, cool temperatures slow down
reproductive development relative to
vegetative growth and photosynthosis.
with the result that the rate of
photnsynthesis becoines less limiting to

yield. Grain yield is less sensitive 1o
irradiance at cool temperatures, and less
responsive to CO» enrichment (Krenzer
and Moss, 1975). At high temperatures,
reproductive development s accelerated
relative 1o assimiation, the rate of
photosynthesrs becomes maore himitng,
and yield mo-e sensiive to radiance
and CO2 leval, Gilford (19773 has
estimated that, under favorable
conditions, wheat vields will nise by
0.25% per vpim rise in CO»
concentration, but the higher
femperatures ikely to accompany the
nse i atmosphenc CO9 levels will tend
to cancel that out. Fischer and Maurer
{19706) found gran yield 1o be quite
sensitive to even simall incieases
temperature in the field.

St o astes ey Lo inereasedd

CieA Dol

Ther significance of

coccesses g i it deponds on hoih
cosdornal environment and the oo

et /,’.’//1/'.(”/.

Thus, not cai- s yieid potential highly
dependent on environmental conditions,
but so too are the processes that limit
yield potential, and especially the balance
butween assimilation and grain growth.
Yield potential is not an abstract entity,
but the outcome of genomic,
environmental, and agronomic
interactions.

snchiciong
We can still envisage many possible
avenues to greater yield potential in
wheat, and there 1s no reason 1o
suppose that it s near its lint, The
models and calculations that suggest
otherwise are too often constramed by
our present understandimg ol the
processes imvolvod

There s no master key to ncreasad yield
potential. Many processes may hmit 1t
and these may be sequential,
cooperative, competing, or conflicting
Their significance depends on both the
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exteinal envitonmaent and the internal
genetc miieu. Physiologieal and genetic
anatysis s needed o udenufy the
opportanitie: tor aebvance hut cmpincal
selection enhghtened by soch analysis
rernans the surest way forward

Further mcreases i yield potential by
plant breedmag wail be Tnghly dopendent
on further mnevations and advances in
agronormic supbort tor wheat crops AWe
may not foresee e Dhut they, are b cly
O Contimine: Yo O i rpey
tor plant brecdima pnogress A Bheiesn
(PO puts i o dende the hiooe: of
pogress e the itiate fatoity, the et
WOrdan povert, croannt e nacanieess
of mand Theae o v need 1o b
dismayed by the bact that e cannot ool
CHvIsage o detirntive solutiors of o
probicing

Aclanoveledagemenis:
Pam gratetal to e H A
VIGOTOTS cotnitnents on s tnanuscipt,
anc to Des D G Dalrympte and MDD
Gale tor penmisaion 1o ote: o
unpubliched mane coapte

treachier for his
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Discussion

K.\l Frey

lowa State University, Ames. lowa, USA

My task today s to reterate and
alaborate on the fughiights of Dr Eoans’
paper and o ssete cou, the audience. o
discuss the Copportunities for
mcreasimg o Send Porentadl of Wheat

toge,

In the papes o eemendons amount of
miormation s con summanzed  And
the nformatios 5 e ntest avanable - of
the B3 pances citea, A were publisoed
i the past 0 ceoae and two-thinds are
from the Tyedt.

Dro Bvans firss v ey
N St et oo

RN HEUTHITET
Dernachineg vield
UEATT WY
this | aOree s arepet e He goos on o
say that
that rirsing e oy od upcetiam yodids
obtamed me Gdverse cnenonients 2
Mmuch ot
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Toncriant than rnsing vield
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devveiopoed Congnton St Strong mesearnch
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Soth e ot 1o sy
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an adverse caranent e
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Alunirnugm
Braslian
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Wi 3t Cintivars o b Crness

S fron v
ran nreducton,
e tor et o
Pricned o

S veld

cars donhbe coybean vields on
alalne so0s
Stedy by obinson
and b colleanmues an B sbvaska, sizabio
advancos B Leen sade inincroasing
yield potental of wheat coltvae s for the
adverse onvirorraont af e Great Plains
of the USA Actually the host argument
for bulding high veid petental comos
froin the fact that such ime., wnen finely

94

HEOINONe 8 A

tuned with genes tor resistince to bictic
and abione factors and genes for
requtation, genersdy will be the best hnes
Lo aqrony anyawniene 1 the world

Fo e tvans sugaestion that i s not
easy Lo dhsentangie *he contnbutions of
broeding and aarorney 1o s whiedt
vields Tl say amient 1Such studies do,
noweven D ovon g Scinitists et
tenure and keep moncey fowmg i o
reseichomsitut e for plart brecding
A study that dlusuates this mteraction
wethwas nubihehod from the Maise
Program at CIMMY T 0 Cron Seience
CTOBO) Mass sele stien was practiced for
reduced plant howgnt for 156 gqeneratons
g towdlarg biops b mare popiiation
cannd Bovpet s Croona Plant nergit was
eedt hutan the process
e mehitectiiee and phy, SI0I0qy of
Fiapenio Crome marze wiars s ¢ hanged
that the optimiuin aant density wae
mcreased rom 48,000 o 65 060 per
hecian: Yes, coultivad ond ite optimum
aronomy coannot be s ara ol eastly

Podorcecd one

five areas of
dnportunty tor moneaste yicld potental
of wireat:

D Evons savs there anee

Growth and photosynthesis For cither
greswth rate or photosynthetic 1ote, there
15 a dearth of genetic vanaton n
cultivated coreals, including wheat. Dr.
Evans proposes geretically engineacting
Rubisco, the rate hrating photosynthetic
ensyme, to mak ot more eticnt. At
Hus pomtn our knowledae, 1o het
researcno money onthe successfus
aenehe cagmeenng of Rubisce, nomv
opion, s equivalent 1o botting an old
far horse will wer a race anong
thoroughbreds wou'd call vour
dttenton to severdl peces of rescarch on
othicr speoies that have affected net
photosynthesis and growth rate,
however. Glenn Eurton has increased
forage yields of warm-season pasture
grasses by 200% gencucally by selection



for biomass. David Wilson has increased
bromass production of ryegrass 15% by
selecting for reduced dark respiraton in
this sprcies

Research on oats and poart mihet has
showrn nat even though genetc vanation
or et 1ot does ot east within the
domesticated gene pool, very significant
mereases s ral oceur from atiizing
aermpiasiv fren wvecdy and waikd
relatives For oats, which nave been
studied most, the mereased growth e
s due o greater leaf area per colm and
dernyed ieaf senescence, which
vltnately incre ke seads per panicie by
S, seed waalU by 127 and gram
vield by 255 regression of genes
from wrdd o vy relatives has
mereased hiomass of maze and seed
vicld ol sorgrum, barbey . and peanuts
Aalso presumshly by mcreasing growth
Dwoutd recommnend researc b this

area toowhieat grecders

Tettes

Timing of the reproductive cycle
Probabiy T would hump this with the
Cregqulitony processes” ciategorny

Nature  over millenma, has evolved Many
eleaant qenetic systems thggered by
predictabie envitonmental factors,
praanly hagnt, ohotope iod, andd
temperature, that cause o species to be
locally adapted. Only o fow of thess
hove been aonalyzed genctically, but on
e basis of G fow reports, it seems that
Inese nagenng meenamsms geneally
atecosunply mberited. T Uus turnms out o
he so, these tants can be added to
cuitvars atbwill Thus s an qrea of
intense tnportance, bt does o
contebinte Lo vicid potenuat of wheat in
aeneral or avly o apecthe nnes and o
specthic environn: ats?

Shifts in biomass allocation— History
shiows that formost of cur coreals grain
yield increases bory plant breeding have
been due 1o mareases i harvest index
Biomass has stayed remark abiy constam
Whaether breeders can go muoch above
H0O% and mamain viaotous plants | have
some apprehension Bt oethaps with
new sources of gormplasoy sereal
breaeders will be ahie to pusih the heapve st
mdex mgher. Certamly by reducimg

vegetative growth, some of the energy
used for maintenance has been diverted
to gran yield. Harvest index as a trait
has high hentabdity and 15 easy 1o

I stuspect its mnertance wiii be
sirmple when the stodies are conducted

recaover

Regulatory processes- Dr Evans mekes
e case for manmipulating requlatary
processes that determime seed size and
number, duration of gram filing, and leaf
tenescence pattern by genetic means.,
s onty plea | can make here is that we
seod animmense amount ot research in
s cren

Neature, Over midionimg, has evoh ed
many elegant genclic systems that
CaUsSE Species fo be ccally adapted.

Environmental responses  Certain,
responses of cultivirs o production
envitonments are genebcally controlled,
Since the farreer has no control over
temperature mean and ambience and
photopenod and ittle control over
maoistute amount and incidence (excep!
i areas of irsgated agriculturer, the
beeeder must develon eultivars to it the
environmenal norm. Whetner there are
ot teactions of vegetative or
renroductive groveth of wheat to
temperature, |would queshen. As Dr
Lvans intimates, however, the iroreasn
i, COyan the world’s atmosphere may
hve profound effects o0 the genotypes
of crop plants we vall necd for the next
centuny

Dr Bvans' poaperas luces thougnt
provoking, and exhaustive of the wheat
hterature on hes assigned subect. Points
that 1 would question and addmons |
woulid make: have been mterspersed into
my diseussion of the paper.

Fwill, however, take a few seconds to
p.esent some " orophies and
obseivations that | have developed
dunng my four decades as a plant
hroeder
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While discussing the semidwarfing aenes
of wheat and ten intenicuon with the
genetic backapround, o Foans cond,
UAdastien o e deneene backaround
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moast genes and qgenetic phenoroeng
useful in plant breeding have bheon
chscovered serendiptously
Germiplasi o the: ke o g plan?
brecdor's I the past foun
decades CINMMY T and the Bocketoller
Eoundation pronrum hetore i, nave run
the grand ceponmecnl that proves this
pomt. Granted . CEATIY T has had astate
SCICNSTS aned v o TESOUces, but
most of all ot e soadable and used
the woud’s wheat v plasm. Any line
hat had ment amyavenene o the worid
wasantrogressed into the CIMMY T wheat
gene pool These e wore used m
SIGge Crosses ond b P AVere crossed
with other F s segregates by the
mulhons were obaerved aned o tew that
excelind were saved Yoes, CIMMY T, vour
grand ecpenment has boeen o sucenss
aermplasm s the koy
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Producyion Agronomy:

Its Problems and Improvement

C. Charroon

and (2 aunent
anG 5, Rauaraet

Institute for Tropical Agricultural Research/
Center fo- International Cooperation in Agronomic Research

for Deveiopmeant, France

In companson with the fast population
arowth, the total annual growth ot
agueultural production in developing
courtries during the last ten years was a
ittle aver 3% in Latn Amenca and Asia,
but only 1.4% in Africa. Despite the fact
that yvears of unusual drought in Africa
cannol be nverlookaed, the fuwre is still
gloemy. Although West Alrica used to
export ons milhion tons of foodstutfs
(particularly peanutst at the beginning of
the 1960, 1t was not even self-sufficient
dunng the 12705 In 1983 -84 imports of
toodstuffs :mounted to 1.5 million tons,
but il this figure is edrapolated taking
into account current irends, it may be
translated nto several tens of millions of
tons in just 2% years

The farm production situation, 2snecially
SCHOUS N some countries thaugh not n
all, constitutes a real challenge if we
consider the unfavorable economic
situation in thoss countries Such factors
as growing detenorat-on of the balance
of payment, low domestic $a1Ngs,
weakness or daeterioration of public
equipment, excessive urbanization, and
the growwn of a less productive service
sector that is privileged compared to the
tess populated rural sector, place on
farmers - whose importance in relation to
the total population s reduced- the
burden of producing even more.

The Asian experience that gave birth tc
the Green Revolution in the 1970s
clearly shows, as pointed out by Dr
Swaminathan, that agncultural progress
assumes that several conditions are
simultaneously fulfillad: progress may
even be rapid if “‘an assembly of
technologies, services, and government
policies is developed and implemented in
a coordinated manner.’” In a wide sense,
plant and farm technique improvement
cannot be considered independently of

other components of agricultural
intensihcation, such as the economic and
nolitical ones. This is true both for
assessing the constraints of existing
production systems and defining the
pnonty guidelmes of research, and for
promoting the implementation and
chssermiraton of more advanced
techniques.

Within the context mentioned above,
thinking about farm producticn problems
in tropical areas 1s desirable at a time
when sorme of us wonder if the main
reasons production in certan countries
has stagnated may be because of
inadequate techrologcal models, or
because proposed models are not
adapted to farmers’ citcumstances. It s
particularly rewarding to have these
types of exchanges at CIMMYT, an
institution with a 20-year history of
brilliant contributions to the improvement
of maize and wheat in tropical areas.

Agricultural Constraints

Genasral Constraints

Linked to the Natural Environment
Whatever the production system, tropical
agriculture faces a senes of basic
constraints linked to the natural
environment . A brief summary of such
constraints s presented here.

Soil-related constraints —Aside from the
recent volcanic soil formations in
highland areas and certain alluvial soils,
most tropical soils have obvious
himitations that vary with the situation
and crops. For plant growth, these
limitations include poor exchange
capacity, major element (P20g, K
Jeficiericy, excessive acidity, low organic
matter content and inadequate release of
nitrogen, poor porosity, and high soil
cempaction impeding deep root
development and water percolation. A
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targe part of the surface water runs of,
favoring erosion even in areas of low
rainfall.

Studies conducted by the Institute for
lropical Agricultural Research URAT) i
Sefa, Casamance, Senegal from 1965 10
1970 have shown that runott and
erosion, while imited under natural foreas
cover, ncrease dramatically when lands
tie fallow, and even more so when they
are first cropped {Table 1),

These general features may be further
expanded: low moisture retention
cavacity of sandy sois i the Sudan-
Sahedian cone, winch makes cimatc
irregularities even more acute; and the
frequently waterlogged, clayey soils in
areas ¢f excess ramfall This s
particulatty detnmental to maize and
most staple crops, with the exception of
rce.

Constraints linked to climate and
hiological environment - These
constraints includz2' imited solar radiation
in forested areas thai reduces the
potential yields of crops requinng
sunhght fe.g , maize), aggressive rainfall
frunoff, erosicn) even m low-rainfall
areas, excess wa'er in comparnson to
Crop requuemenrts in forests and
sometimes in highland areas or
savannas,; rapid and aggressive weed
infestation, more particularly in savanna
zones, especialiy under intensive
cultivation fwith soi! preparation and
manunng), and pests Hangi, viruses,
msects) in the field and after harvest,
particularly in forested arcas

Agricultural Constraints Linked to
Cuitivation and Production Sytems
Agricultural constrainis are conditioned

by rumeraus factors of valying
importance according to each req.on.
Some examples foliow.

Agricultural and ecological production
framework-- Most frequently, a crop is
planted within a certain agncultural and
ecological framework and on a precise
date. Taking marze and wheat as
avamples, the followane have been
vhserved.

* Maize 1s plantea moantertropical zones
during the rainy season or out of
season with wngation, where there s
only one ramy season in Burkina
Fasol; in each short ramy season
when ramfall distnibution s bimodal
(Congo, southern Camercond; and at
different clevations from low (forest or
savannal to more than 2000 meters
(Rwanda, Andean zone)

* Inthe case of wneat, the range cf
sttuations N intertropical zones,
though reduced, goes from sowing in
cold dry seasans under inigation
(Sahel) 10 sowmg at the end of the
rainy season i tughland areas (East
Africal. There are intermediate
situations in which irmgation has only
a secondary role as a supplement to
rainfall (Madagascar)

It1s obvious that agncultural and
ecological constraints, and therr priority,
vary widely according to each particutar
situatin,

Type of farm and product
destination—In contrast 10 industnal
crops (rubber tree, sugar cane), many
crops aie cultivated in the tropics in
farms that are well differentiated
according to their size and technologicat

Table 1. Runofi, seepage. and soil erosion, Sefa, Senegal, 1965-70

Coefficient of

Runoff Seapage Annual erosion
Land type (%) {%) {t/ha)
Forest 1.0 99.0 0.2
Fallows 16.6 83.4 4.9
Crops 212 78.8 7.3
Bare soil 3956 60.5 21.3
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tood habits (growing consumption of
imported wheatt, As o result, local
products lose part of ther market share
In such cases, farmers become
discouraged, wiheeh gridgtly affects the
dynamics of production and
intensitication

Constraints of rural life in the

tropics - Evin o aieas under mtegrated
development projects, rural iving
condinens i the topies dre precanous
or detenorate due 10 the vag.a,es of
climate or population growth  ine
tradiional cultutal envitonment < ot
replaced- as tis i temperate
countries by developments teloctnoty,
highways, schools health centers,
stores, etc) that help farmers o better
manage ther farmes Consequences dre
evident (aging of rural population, urban
Mgration, cte ) oandoan certam regons
they do not aliow farmers (o tackle
agricultural probiems and, much less, to
implement sohions

condition thew vahdity. They must
guarantee that *hen analyses are truly
objective and nat distorted by their own
concerns

o the st 20 vears, many agronomists,
economsts (partcudarly from CINMY S
and the Center for International
Cooperation m Agronomic Rescarch for
Devetopment, CIRADY, and specilists m
human sciences bave - ontnibuted
NUMerous ansyveers e these questons,
and have oroposed, often s cessiully,
methodologies based on more ngorous
methods. Tiovertheless, agronomy s still
an art as well as a science, s scienthe
arsenal and Jucid analyses should not
ek a certam empimasm m anproaching
producet problems, but should use
intwtion and experence i the giobai
appreciation of different situation:,

Inherited traditions - Untl recenily,
technological changes were brought
about by farmers themselves. 1t would
be llogical 1o think that m the: future
nnovatons may be unplementoed swithout
their active participation in the

It would b illoacy: e tiunk that future
INAOVALONS 100y Fo o anpiemented Withoul
farmers” active peaciogtion,

development of new technologies. Many
fallures™ of the dast decades should be
examined by professional researchers
and developers from this point of view

Technical Framework

General Remarks

Agronomists face the innovation
dilemma-- The: following review o the
complexity and diversity of agronomic
conditions reflects the (ifficult task facing
agronomists  They must look for answors
1o such wornsorme questions as how to
understand the farmer’s real probicms
without overlooking their extieme
diversity, an the one hand, and woiding
hasty generalizations that threaten to
distort indivicdual pronties, on the other
They must analyze constiaints, so that
the results retlect farmers” puontios as
closeiy as possible tncluding ajor socil
and pohtcal tactors) withiout the nsk of
making an inadequate diagnosis. When
developing new expenmental schemes,
they must take mto account certam
general and economic constramts that

10N

Likewise, even today, combining
research and mnovation white restieting
the role of farmers as mere doers must
be avoided. As we will see later on,
many technological innovations that
never passed through the channels of
reseatch and development are being
implemented through the spontaneous
action of rural communmities

Ramfed agnculture i developing
countiies s based, even in TO85 on
traditonal technologies that are not yet
qgomg to disappear, despite their poor
adaptation to the current and future
situations

e The nnnciple of long fallow, which
dllows initial fertility 1o be recovered:;

* Reasonable amounts of burning which
allow plowing and make accumulated
biomass avalable to plants;

* Use of organic fertlizer, especially
manure,



® Farming or post-harvest tools made of
wood (based on the ~atonal use of
the environment),

¢ Landscaping and erosion control
techigues, simidar to those observed
n numerous requons of ndig and
Afnca, cuch as the Docon region i
Mali or e Mandara Mountinns i
Camoroorn;

o Several radiional cropping techgues
based upon totatuon or crop
associaton, and finaily

e Agioloresty

An example of such systems may
ustrate oue discussion: off -season
cuitivation f tansplanted sorghum i
ther sous tverisolsd af northern
Cameroot, HeTG 1S a0 it
driveraty of ooty outsianding plant
adaptabhty oo difioult environment;
and the ccotiomienl anowater and clort
technrgues gsed which seon very
ciifeult to amproves oven today

Wi

Nevertnelaa most of the teennigues
Hersontie Dhased on mere hamon
forces working g tatural covironmient
within o stie iy el osutfioent scheme,
cannot meet e chighlenge posed by
rapndly qrovarg tood demands But, for
from bemeg o nobdover fram the past,
tradittonal technice,
Altlention wehen we e
considenr g oW anpat tfechmonegines whion
e atterint an efhicient and deversafied
tse of the covronment, o when we
WAnt g cpve gt i o the adoption
of peasant farmima e hngues

S

Al o

ENRTR

fiote g o

Different research products Ceitan
mnovations e directly atimproving
producoon and productivity (helter yield
per hectare, better quality of products,
fevver working howrs, ete). The
clension target involves the producer
ifarmers, cooperatives, development
projects) and, more often, the plot, the
farm, the land, or the region The
research that supports these nnovations
generally stems from apphed and
adantive tesegreh

Other tesearch eftorts provide support
toften thematic) by trying to understand
phytophysiological mechanisms, soil
fertlity dynamics, and the biotogy of

predators. Such breakthroughs often
result i 1ools or methods that contribute
to the emergence of new technologies;
thus, research in this field 1s both
strategie and relevant to basic research.,
Fasti there gre other innovative
miethods and techniques which are
usefth i assesang situations and
developing ana following up innovations
and production. These raethods interest
producers, doveiopers, deasion makers,
and researchers. In the following pages,
several tescarch nrojects dre reviewed.

Tools and Methods

for Development Research

Diagnostic and follow-up tools- Al the
regiend el several geographers and
researchers have attempted o use
cartographie methods to provide decision
makers and developers with operational
diagnostic and follow up mstruments.
Chimatological and pedological maps are
decompanied by numerous examples ot
apphed cartography: maps for evaluating
constramts, potentahty maps, ele

It would he usetul to mention some tools
usedd parbicualarly at CIRAD within this
context Based on climatic and
pedological concepts as well as on
mapping techaques, agrochmatic comng
auns at dividing a region mto
nomogenenus sones that show
mereasing potential for a certam crop. It
s ananteresting task tor reseaichers,
elension agents, as well as for national
decision makers The use of numencal
nmagies produced by satelhtes {Landsat;
Spot, as of this yeary has opened new
prispeetiyes

Recently CIBAL has stinted an overall
analysis of the Sahehan zone based on
the concept of a multfaceted regional
tool: the mesoregion This is a new
attempt 1o subdivide” countries into a
certam number of homogencous regions,
aceordng to three major cntena:
production systeims, soil occupation
rates, and annual antail

This analysis has dentified 11
mesoregions i the Sahehan zone which
are independent of national boundarnies.
Two examples of how this toal 1s applied
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are (1) the effect of innovations within a
country may be mcre easily extrapolated
witnin zones of other countiies belongine
to the same mesaregion, and (2) within
the same country, pnionty analysis may
be done by mesoregion, thus
contributing to a rauonal orgamzation of
research and development efforts

There are mony survey methods at the
piot and farm evel which allow us to
obtain, analyse, and compate true or
expenmenta data These include classic
methods for analvang solls, roots, and
leaves tolar diagnose) and agronomic
surveys at the plot or farm level
Computer techniques help the researcher
make better use of more data and
quantfy thim more accurately

As an exampie, we mention 4 recently
developed method for analyzing water
balance Based on studies conducted by
severan nstituttons tthe Food and
Aancultural Organization (FAQ), Overseas
Aqeniey fnr Scientific and Technological
Researcn (ORSTOM), Interstate

Comm ssion tor Water Studies (CIEH),
Agneaitural Hydiology and Meteorology
(AGRHYMET), Intemational Crops
Research insutute for the Sermi-And
Tropics (CRISAT, Umversity of Texas),
computer-aded systerns for assessing
water balances and methods for using
these systems at the farm level have
been desianed One example (s the
recent BIP suftware developed by CIRAD
to simulate Ge water balan~.c of rainfed
crops in dry tropical regions, based on
the estimate of the evaporative demand,
water requirements ol crops, and rainfall
This water balance also takes nto
account the mair charactenstics of sous
and cropping systems (root depth)

Even though this tool can be perfected,
1tas already particutarly useful in the
following instances o

* [Explain yields obtained at an
expenment station or through on-farm
experiments and to evaluate plant and
soll improvements:;
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* Predict possible yields based on
rainfali hypotheses, agricultural and
meteoroiogical warnings, and
irrigation management;

* Define species, varieties, or possible
crop cycles; and

¢ Assess the need for designing
supplementary irngation equipment for
a certain crop (chmatic risk)

Methods of experimental

development —In tropical agronomy, the
following steps were appled, especially
in Afnica, untl the 1960s: {1) research
prontes were essentially defined by
politcal authorities and researchers, (2)
most research was pertormed at
expenment stations and field observation
sites 1o take into account pedoclimatic
variations, and (3) researci resuits were
deivered only 1o official extension
services or 1o those responsible for
development projects, whose role was
dual: to define and to adapt innovations
by microregions and to promote the
apphcation of such results by farmers.

[t would be erroneous 10 state that these
methods - though quite vaned - have not
sometimes provided bolliant results.
Nevertheless, the failures observed have
prompted us to reconsider this approach
and to make use of methodologies
brought about by human sciences.

Ihat s why during the 1970s we have
witnessed former procedures,
represented as

(Research) (Extension) (Production)
mcreasingly replaced by new approaches
that further integrate the partners at the
diagnostic and research planming levels,

as well as at the nmplernentation level:

(Production) P
(Research;
{Development)




All of the new approaches implemented
since the 1970s aim at reconciling
‘upstrearn’’ research, traditionally
tavored by researchers, and
“downstream'” development research,
closer 1o producet concerns. Alb of these
methods consist of the following phases:

:

A finalized tarm diagnosis, sometimes
of the mam crop and sometmes ot
the fatiming systems o rank
constramts encounitered by producers,

e The establishment of a technicai
reietence background to answer the
problems mentioned above, based on
on-farm eipenmen.s, or by
readdressing the most fundamental
research demands at centrai stations:
and

* Follow up evaluation of the adoption
and developmaent processes. Many
projects undertaken by CIRAD
Afnca o1 by CIMMYT i Contral
America dustrate these new methods

State of Technical Knowledge

Plant material and agronomy  Adapting
plant matenal to the envitonment 15 o
means of attermpting to sohae the
constramts imposed by the latter This g
e when choosing one species over
anothier, according to agneuttural and
chmate charactensuces.

Within the same species, such as maze,
this procedure has been m use for
centunes, particularly through mass
selection in order to obtain ecotypes that
are hoth treplaceable genetic matenal
and olten rermarkable examples of plant
adaptation to microenvironments or to
technologies

Over the st decades, genetic
inmprovernert has resulted in spectacular
results i quantitatve and qualtative
efhiciency of several varicties of wheat or
maize, especaliy thanks to CIMMY T
research, but also plant adaptation - via
resistance - to environmental constramts
such as severe endemuc diseases (rusts,
helminthosponum, vituses, efc.).

Ongoing efforts aim at strengthening
insect resistance, particularly to borers
{in the case of maize), or at developing
vaneties tolerant to the acidity of tropical

sls

Varety improvement is not a miracle
solution Lo the cropoing intensification
capected ool areas.

Genetic breakthroughs sometimes help
expand the ecological space: varty-
matunng maiZe varetes allow maize
cultivation i areas where reqular maize
cannot grow, wheat or tnucale vaneties
will becoms: more adapted 1o
mteimediate altitude s, to tigher rainfall
ievels, or to higher temperatures
Sreakthroughs also allow the design of
nevy cropping systems, such as yearly
double croppimg in short cycles (maize-
cowped or miaize-cotton). But they also
present new demands in cultural
practices, thus contnibuting to change
them: the need for imcreased fertilization
to actually achieve the tigh vields that
new varieties aiiow; the neoed for
chimmating other agncultural constraints
whenever possible: more weed control,
supplementary ungation, etc

However, it would be a mistake to see
variety improvemaent as da miracle solution
to the cropping mtensificaton expected
i tropical areas: the current yield
potential of both traditional and
nontradiionat varieties is much higher
than the yields usually obtained by
farmers, and seldom constitutes a major
himiting factor. For example, the Green
Revolution of the 1970s was first of all
the result of better cultural practices in
the regions in India equipped with
rngation networks. As Dr. Swaminathan
pomnts out, "It was not until later that
high-yielding varieties (HYVs) were
ntroduced.”’
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On the other hand, there has been some
controversy on the adequacy of HYVs in
ditficult agncultural envinonments. Some
tescarchers o decreasg number of
them, ttis true - nsest that s ditheult
to develop vaneties that petform well o
both favorable and unfavorable
anvironments Numetous studies
conducted b, CIMANYT, particularly on
wheat, shos that ths amtihous
objuctive 1 sometimes aohieved, s
chserved i compatisons, o yield
petormance actoss many vears and sites
- International Spreng Whicat Yield
Nursery USWYN) tiais on vaneties such

o

15 Nacozan or Vooy 'S
Fins has not always been e case For
erdtnnle, e the et oals petformed by
the lors Coast Tevto Development
Cormvany 1WCID D e southern Ivory
Coastmn 1975t oty Diuepeio |
performed mucr bt than e
mmproved docai ety 1Y, provided
that the sonaas suftoently prepared
sy tractors o dratt animaist bot s

yiedd wis Tower winen the sol was
manually propared o e tradimonal
miannet

Nevedthicloss, tUwas pomted out in most
cases that ¢ antiream agnealural
prachces, where they may b
mnplemented, nctegse the HY Ve
SUpenor pertormance over local vanetios,
{2V HYVS et co e otficieney of other
mputs (prrtoulah, arogen tertihzing)
and profitabty and (3) ovenin ddficalt
Cordibions 1t s possihie 1o devise low
rint cropping techioques that make 1t
B sehie th optirnize the use of improved
Vitieties,

Water and soil In arid and semiard
we nave withessed the often
catasttoptoc impact of rainfall on bare
soiler o cuitvated sold The high
percentage of runoff depnves seeds of
the: water they need and damages the
environment teaugh erosion. Let us
examing some examples of techmques
miplemented 1o correct this situation.

SO,
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For plots o regions there are many anti-
erosion techiiques which unfortunately
were not widely promoted. These include
protection ot vones subject o
overgrazing and deforestation, public
awareness of the problem of burning,
techmigues to combat swiud crosion by
plantiog windbrenaks, and erosion contiol
lechmygues, protecting catchments

Fhough these tecnmiques are well
known, the major probleny s then
cttective miplementation. Many issues
are sull being studied by researchers with
G view Lo proposing more effictent and
ceonomical solutions that will be easily
undertaken by the peonle themeselves. |t
soworthwhile 1o mention work performed
by ICHISAT i Indian i ndumg using
miovable simulators” o study the
reaction of the sol 1o the rain's
Saressiveness n the teend

Fechmiques for water storage e the plot
dand protection gaanst runolf are
included in the gencral antierosion
techngues descrnbed above. Methods
range, accordmg to the case, from
contour cultivation with or without
ndges o grass benches or erraces
Thona these well-known methods can
be nmnproved, they are not as widely
inplemented as they should be. As an
exaimple, a lavout based on the leveling
of terraces and the mstallation of
dramage at the lower leve's has provided
average grnn yield increases of 21% as
compared 6 a simple system of contour
terraces at ICRISAT

Other techmiques, which also have beep
insufficiently implemented, have proven
their usefulness in himiting runotf and
evaporation by storing water in the soil
These include (1) subsolling or tillage,
which increases permeability and storage
capacity, (2) hoeing, which restores
permeability reduc.d by compacting or
raun eplash, (3} end-of-season plowing,
which In certain cases allows carrying
over part of the water from the previous
cycle to the following one, (4) mulching
with crop residues m case of zero tillage,
and (b) tied ridging.



For example, tnals carried out at
Kamboinse, Burkina Faso show that the
effect of ridging combined with tied
ridging may allow, i cortaim positions
along the teposeaucnce, the doubling of
yields in g maize crop

Numerous swaler managemeni studies
deserve our attenton we will agan use
the example of water bidancres 1o show
their possible uses: (11 agncultural
warning: foreseemqg dehicits, ()
substanbal savings i the amount of
water coming into nngated areas, thus
avoiding the rmany meonveniences
denved from poorly controlld igation
and allowing an expansion o ingted
surface, and (30 where water rosources
are scarce, e possibiity of
supplemaentery angabon 1o reduce the
senous vskys of a drought and s relned
detrimental eifocts dunng the gqrowing

SESON

Fotlustrate B pomt, in 1983010 an
capetment sponsored by CIRAD in
Lossa, Niger, the tunely supply ol

HO nan of walter 1o sotghum crop
rmade U possibie © horvest 5000 kg of
ain ot hective, compenad 1o only 600
kag/ba i nomirngated finds

[ Burmid savannas and torest cones,
whete tamiball cvceeds cvaportion and
lranspiration most O the e, the
dangers of usee lechmagues common m
lemperate yeas are o well demonstiated
Anestmatodd two mlhion heetarnes | e
year are cutrently deforested i tropieal
aredas, under conditions that ospose: sons
o major crosion Selechve deforestation
methods avord the brotal tprootng of
stumps and use ol heawy machimery,
thus muninmizing cuch nsks. The soils e
woell developed, of tragile stucture, and
remain stable as long as the natural plant
cover protects them

Land cleanng, particularly for annual
plants, 1esults in the cxposure of sails to
the aggression of tmn. On the othor
hand, tllage, when 1its practiced with
motonized equipment, hias a compachion
effect that teduces nermeability and
mereases surlace runoff and erosion

Lastly, the activation of mineralization
mechanisims after sowing causes the
rapid depletion of organic matter and
often, due 1o the crops themselves and
o certam minctal fervlizers, higher soit
acidity

That 15 why many methods based on
hnited Wlage and mulching have been
developed, pmucularly at the
International Institute ol Tropical
Aqriculture (HTA), wiich successfully
attempt to solve the major problem of
permanent cultvaton of annual plants in
hiammid cones

I the hannd savannas and forest zones,
the danger of using techniques common

m o temperate areas is well demonsirated.

In other cases, as in Gabon or in central
Brazil, with heavily mechanized
agneulture, effective solutions are sought
through terraces allowiny total

absorption. Reducing cultural practices to
dnnmam can avorl compachng ot
soiks by promaoting the use of moldboard
proves rathier than disk plows, or by
covering thee sol with sty vaste maze
sty abter harvest untl sovboan
planting begms,

N hernidd zones, mtercropping s a
tmadiionii ansaver to the tsk of sol
C1OsIon, as s dley croppmyg Numerous
projects and models have been
srplemented over the past fow years; we
will give some exarmples in this section
of the paper

Maintaining mineral and organic
fertility  Tu oot deficiencies and
rmamtaim and woreove ferility without
agneultural nsks s the challenge to
imnovations i this field. The INCIEasINg
puce of inputs forces us o resort, as
much as possible, to the agrosystem’s
W resources ot 1o regional sources for
nnproving fertiity
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Many surveys on mineral balances
undertaken i intertropical zones have
shown that the mamtenance of soil
ferulity i and and senmand zones s
largely condioned by the iminrovernent
of organie and nitrogen fevels,
sometinnes by corectnng the poor
phosphate and potassnrn reserves, and
lastly by replacing caienm ool
MAGNEsI fooses

In Bt opieai s os et aeehts gl
phosphate deficiency are additional
consttamts i terrdite sods and in the
above-mentonat sos Land cleanng and
tinge accelorate: the e dization
processes and Soon alter the orgamic and
nitrogen fevels

Durng the st tvo decades, the stonos
followed v forideanon hivee been (1)
cvaluation of growth requitements iand
the amount of rmnerals removed by the
plants, depending, obviously, on actual
yields and typie of remaval Gust the
grenns or the whole planti; (21 ovaluation
(n pots or i the held) of deboineies
and thear mportance:, which encourdanged
the aded of anonutui massive fortilization
dunng the 19605, (31 evaluation ot
mamntenance fertdizer appheations 1o
restore tie chermical tertdity of soils
under crop rotation, tased on the
amount of nutnents emoved and
leached, and (0 developng a ferileinon
pattern that can be dissermimnatod easty s
a.More coraple s tash

Economic and hiranamnd factors muost b
taken mto gecount, sote ferhilizers aned
means of nproandg fernht, are tue
investments e of ther oecdmrm tenm
action

The most coonanue formalas, as well as
those which are mone avanlabie and
cazet for farmers to apply, must be
sought  The most cthaent methods and
tmes of appheation must be speofied. A
fertibizer cannot b aseossed cxcepl as it
mteracts with other sield, crop, and
rotation factors Gype of sail preparation,
operations during cultivation)
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To draw up viable recommendations, the
process described above must follow an
iterative approach that may combine
experment station roscarch with on-farm
tats In any case, the methods to be
dissemmaied dre worth dhversifying,
accordimg 1o the needs of different
microrecpons and groups o farmers, and
petfecting m on tarm tnais

Several studies for dessioning techmgues
airviad A unproving ard matinmg soil
ferulity in dow mput systirns have been
conducted i the past e years, They
ot the benchts to be

e OO e

provide evideraco
eepoctoed (oo
cultivation) frarm componting Crop
residuns fpossibly i sociaton wath fow
nitrogen fertlizer apphoations), from
wsing natiral fecal teserves ol phosphate
roce prosphaies!, brorn g close

e cropping and
aod frony the use of

1SS0 IO Dohyresr:
annnal hustbandry,
fareoyard manure

Piais conducted for five voars in Seta,
Senedgal by the Savanna Instilute
HDESSAY IRAT, and Afrcan Industrios
andd Forests (FEAL oo maize legume
rotation huve shown that even i cdry
voars (19871 and 1984 victds of 1.7 t/ha
were obtamed without appilving urea and
urea performance could b markodly
ncreased by Jocalizing as appheation in
the form of supergranules The use of
aze stravw compost without applying
urca mereases gran yvields by an average
of 900 to 1400 kgha waith the addition
ol 05 1o 1 Uha of compost anid 900 1o
2000 ot wathy e addimon of 2 w0 3.5
Uhay compast. With the apphieation of
100 kgrha of wea at the bme of ndging,
o a hield o which Vs o 4 Uha of
compost have bien added, vields of

3 U are possibie

For many yeams, canous mstitolions hive
conductod agnentural cvaluations in
West Alrica of 1ock phasphates as partial
substtutes of rnponted superphosphaltes.
For example, the study on Matam
phosphates i Sencyal points 1o the
advantage of ther use v maze-cotton
rotation on leached terruginous soils in



which they are partially dissolved due to
the physico-chemical properties ot these
sOls

Another examples results obtamed by
IRAT and FAO at Maradh, Miger, hiawe
confirmed that the addiiion ot 70 unnts of
P0n {lecai rock phosphate « impotted
soluble phosphate) mlows a restoration
ol chermeal ferlity of ferumnous soils
whose production potental i heawvily
populated sones has Deen substantally
reduced o the st docides

Fhe utibsanon of tarming systors aimed
At gradual intensificaton that hnks
mnct and organie fertiizers 1o cultura;
practices adapted to farmers’

Sorghum yields (t/ha)

4

technological know-how has a dramatic
effect on the average growth of yields,
as demonstrated by results obtained at
Sana, Burkina Faso (Figure 1)

I criical raifall areas, balanced
application of ferthzers fincluding potash
fertlizershan association with the crop
residues peturned 1o the soil makes it
possible =0 have more stable production
ower e annual vanability of yvields) as
shown i g tnal conducted at Bambey,
senegal. Likewise, farmyard manure
apphcations make 1t possible o opumize
proht from investments far iming on the
degraded soils north of the peanut -
growing area i Sencyal,

MFM

2
...:-..’mfrn
mi + D
14
- MF
=€ — i
OJ I e T—— o]
S
T ! ] T
1960 65 70 75

Yo

sorghum (S, peanuts (P, or cowpea (C)

MEM migh fertlizer apphcation and manure
mim low muneral fertilizer appheation and manure
mf + p

MF high muneral fertiizen apphcation
mb = low nuneral ferihzer application
Ch = check without fertilizer

low ferthizer apphcation plus plowing in crop residues and green manure

Figure 1. Fertility maintenance trial, Saria, Burkina Faso, sorghum-legume rotation.
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Techniques and cropping systems
Duting the past 20 vears, the technical
background of tromcal agronomy has
been ennched Thoe arg tow ccological
sttuations moantartriapical sones for when
some techmcat improvements canriot b
proposed, 09 mather the tepe of CHOantng
Systems ar qgroups of farmers 1o wihaom
they dre dnected. even o e tange o
technigques avaitibes partiona iy (oo
and other mputs caeeds, o
very rudimenton,
avalable for feowes of sdustnaiizod
COUntIes my brnpet gle reguans

AT [P AN

Srnpated o those

Instead of mos o
v nclude sos

el s nventorny,
o s v

oo techinical

et l
FANGE OO B
LOMICS, two vt ones ared Bwo i
Nurmid zones, tir o Gee soammation,
most of thivre o e e of
tadhional fop o ot 2t Dot v
Broome the onge 0 ol ampaontan
scienthic v cna o dunng e st

decades

Semiarid zore 1 i
backarouna pocpraad for this, 2Gnie otton
IS AL S BG  pennanent cropiing
system, b
without faile- o o
mneral fertnes
mtensthication. anported 4y e
AUUICUllaTe G Lo banis, ssocibon
and, abave 51
oon the tredboinasaton of Cronping
techmiguns v ooy
mechamzaton:

o e totation wath or
e e of argame and
Sy taloege

Sleteaon allows

Sacten, mtermedite

Many surces s conrtacved in Acaa, Brae,
and Wesst Atnica oncthae chiowee of crop
sequences force shadned e most
desirable totabons tror o bioloogie,
standpomt i cares utiations
{elmination of et
of the residoe ctfoors of svintotie
nitrogen fiaation by soqumics, Better
weed control by dliermating srope.,
reduction of phivtoto«a, substane:
accumulation, ofc  and from the
econormic standpomt tspreacing of nsks
and tasks within the rotiation sehome)

anbed o ciop, uno
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In general, the tollowing may be pointed
oul: (1) suitabmity of rotations thit

anendye gltermating corsele and logume

And 20 e sdsadvantage s that rosuit
Whien the Samie crop s repeated on the
coarne saloraten asmg the letlowang
o 1O e

LA N IR B NN R P ] DAt RTINS

corgbinn
I oo vt vengrh doebie
CTARPIGG IS Dossthic antod nee ana
short oy cie foaree e preten bl the fiest
S and lraumes Gre

0N Season,

ANt cotter

s0n,

MOSt convennent the

Ul

DOTHCHTAEN, 0y rramy g o g lion for
<o that without

b etoey U, g

P Sy e DEoposea
fower ramd i Testqiet
checanhmonneg the o
Fourne e o betone s
Howveing

P develonnens GF Lo ninanges adantod

VO e e chon o o 2ot wie
the resat of e oo o v gl
Craanizanons e poarte b CHRAD gy
West Afoca ang 10ISAT i oo Siech

technigties o s, o
tplowes
andh anepog e

ot e grhion

sede e s etk canthiol,

Foemtcduction of
S ot e desediopen 0! s Deen
A Contabuting Lo tor to e Drogress in
P s st 1o
Ihere 1< no
St for
AT T hon, o tor peanuts

Precannt cuiteator

becorme o

harcestod rogton!

SIRHTS
Natvestod o Sonegal Tooeen e,
cetension cttois ained At cpreading the
tse of anitas acton teroba: whole
Peqions e the peanut cone e Senegal)
O INICIOZ00G e water management
e Nigen Avnal taction allows farmers

TOaneredse cronpin veand Lo reduce

dlefpys wier e

s eending
Humid zone Ry e e have seen
thee difbcuities bronght abont by tilage,
cspecialiy by mechanecal tlling mthe
ntned trope s
partiulngiy daring e have
carmined croppimg systene hiasad an
sy Wiage

Deveral i,

Lt e,

The practice of zoro ullage has found
same fonnulas i several troprcal
counties (lvory Coast, Nigenia, Mexico,



Brazil 1or crops such as maize and
ramfed tnee Zero tnage techmiques aliow
the autelk oed oeonomueal cuitreation of
Clov sode st are dithioudt o work on s
in Southy. U Asi Savhieat)
2o tillaen i areas whieon tedets
are ot b by mueean rolions et
SO (g
brovgtt o

hetbwcd

S0nar

ol ron e sthon, s

wiv the

IR IS BRI
crtordin b Yot e bic ey
for preesoocang, el the dessinnanent of
ranuat crosottabde Tooe to e rised
VNP GDACCC sCae i over coslonimg
(seedor., borpeer dinpone

[y severa remores of hiunad o
sons e sascnition of crons unedier
forest coves s e neraage of anons
raditons aeh o

RO

CorbionGg et may

DErennL coremereil crons

[ cottio e thie abyeat of iy
SHEVOYS g 100 into acoount the

foliovwineg dvantanes

o Betler coves and proteetion of so;

e Improved prodachvity as g rasalt of
e comulementary toquiroments of
sevieral cropes (sundignt, conl profue,
ane o taentsl and

o Sometiues fedneed post Dressoen

I the nandands of woetens Samercon,
Mace intersronned with seccean can
oroduce waclds tat ane HO bogher than
those of e o species qronvn de i sobe
v nent suriaee Thig
Cover vice T e iow e een ninze s
interercp; o ot bean
are tho noane et el arop though
they e pesduesd e weending, shueh o
st

Crap onoan o

Workimg times,

Often o peat

[0 ey croennong sestoms i e thiose
I R TR M I PO IR AP RIS RAIAR:
Srofatoad e thar ronaes bramed

oltonclegummes that are

SRR ITATa
by b
reardiens onmed cned sed ooy an
e o gl ey Qroo s vaihim
et oy becreead g fue
Jostppet stk Ancthi
chivaie S vrshio of theeo awadony dverafied
sl s e continaed
annher of svmbitie ndroaen fraed by
petennyl feaumes, which benefits annaal

this 1o

o oriaged

CHODDY

crops {maize, wbers, and cowpeal. Most
alley crepping systerns proposed by HTA
mvobye the perennia! legumes Leveaeny

fencceeptala or Ghneidia sepram.

Adoptirig New Technologies
Supply and Demand

doth theme-speafic research and
development reseanch need 1o hink supply
o dernana for mnovaton, in this
abbroach tesearchiess must be able to
pereeive the whole comple o demand of
farmere for mnovanoens, to rane
constennts, and Loreason out e
aurcuitir sl techred, economes, and
mstitubional consepeeness, Tiis
DUEOACh eSS n g hetien
determimation ot taaets and rescarch

DEOGETTS

Cortm technosogees do notimply deep
changas i produchon Systeins of new
YOS AnNents he: casen the

Such s the
substititior of iocal vanctes by improved
But rnost of the time, new
temhinolames invoive changes nowhich

tesearchers and developers st clearly

HOCH Vet ey

vttt Sl conseanenicss
e mtoduction of ferszer wathin an
Autarkae svslem nresapposes thi
castence of o otk et for harvest
sturpinses, the assumpton of financial
nske, an e creation of farmung credits
Toemtroducion of secders or herbicides
riey e anale working e constiants
and anphes ncreased farme size, with ab
the consediences that it antalds
Frocuently, oo nolated technology may
not be effective witticn othe
technoiones dertizanon and anproved
ottty Hor ccarplen

I shart ot s ovadent thin! niesy
teehinowges oo not have imnerent
wrtues, thal ther apphaability 15 always
telatve and that then anplementation
ansdrnes that they vl be inserted into
contstent fnnng systems acceptable
ot to producers and to then

AT O e

wWiaitover the technology and its
“mtnnsic applicability, it cannot be
implemented if 11is not accepted by
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producers. Their attitude definitely
depends on the way certain conditions
are met These condibons act as a filier,
and it is worthwhile 10 recall them:

* Previous knowloedge of the
technologies themselves (s s rarely
the case, due to lanquage, education,
and information barners),

e Ability 1o master techrologies, posing
the problem of training m new
techniques (e.g mechanization):

* Existence of effective logistic. means
that farmers may count on as supDOrt
(actual input avadability, credn
possilities | o

* Guarantecd organized markots for
production stnpiuses (not very
frequent tar food cinps): and

* Reasonable inancal tisks hnked to the
adophon of technalogies, particularly
na bad year fmsurance and
equalization)

with the oil palm, just to mention a
commercial plant, and with cotton,
particulaily in semiand Africa. Among
food crops, the advances in wheat and
nee vioducton during the 1970s were
spectacular and gave nse 1o such terms
as Green Revolution

We do not want to extend ourselves,
stce the institution that s hosting this
event was one of the major architects of
this achieverment; we will sirmply calf to
mind that, i 1984, 45 million hoectares
m developing countries were planted to
wheat vaneties derived from CIMMY T
research. The ability of such varietes to
perform adequately in difheul
environments is, beyond any aoubt, one
of the reasons tor then SUCCOSss, as s
therr response 1o intensive farming
oractices, partucularly to miners!
fertihization  as demonstrated by

CIMMY T"s outstanding work in
Argenting

Neverthetess, numerous authors (many
ceonomists), who have done g

Whatever the wechnology and its
Yinuinsie apphicability, it canniot be
mplermentod it s not accepted by
oroducears.

provisional balinee: of the fast 40 years
of research m tropical ‘orm production,
are somewhat pessiristie. On the
contrary, certam agronomists think that
technologicar breanthroughs and the
impact of available results - even in the
short term - have not beer, tilly

At any given time, the technica
production system chosen by farmers
reflects then socioeconomic
environment. There are many exampios:
in Senegal, the evolution of cropping
systems within “expernmental units,” the
rapid nise and dechne of maive aceording
to the evolution of fettilizer pices and
marketing costs Also i Senegal (the
Terres Neuves projoct), towards the end
of the 19/0s, we withossed 2
modihcation of the rotation intiatly
proposed by agrononusts, in favor of the
best-pnced (peanuts) and hest-developed
commercial crop, as well as the most
appreciated subsisienc: crop (sorghumy.,

Some Positive

Features of the Balance

We cite the remarkable technological
successes achieved in tropical agriculture
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appreciated. In support of this thesis, it
may be usetul to provide examples of
experences that have proven that
important advances are not just goals,
but concrete facts.

Atetrospective evaluaiion of three large
ral development projects tinanced by
the Would Bank i northern Nigerna
(Gusao, Funtua, and Gombe) has shown
averaqe production growth rates of more
than 5% a year {or the major cereal
crops tmillet, sorghum, and maize). For
sorghum and maize, results are
particularly specitacular: scelected local
sorghum vanieties have yislded

1400 ka/ha, and maize varietics 2 Uha.
In general, vields obtained in tields
cultivated according 1o recommended
methods and practices doubled the yields
in traditional plots.



The ""Mali Sud” project in Mah and the
“Ounst Volta™ project i Burkina Faso,
both spotisored by die COET (g French
company for the developent of textle
1bhers), Gre two eaamples of the
developmient potential of colton projpects
N reaqions whoere annual tainioll eeceeds
Q00 mmn

I 1979 829, four vems alter e
mceepton ¢l the propects, cotton
production has attamed the recard biagure:
of 65,000 1ons (40% increase) tor the
TOuest Volta™ project and 142,000 tons
for "Mab Sud’ 122% mereaney i thiee
Vears foseraqe yelds, very mgh o
nomiigated cotton cuitivation, ceceed
Pt b, e
b sl

donble the mmean tegesteneg

Satiiran Afneg
Beaandhing orcpect et o food Crops,
fresee ook ety e et dithiealt to
evatiate predie o it
hat melet ot sorghum peodie ion m the
DEOCT ated Vi ncnse 1y 2h%a gy
cunng the best oo v of e U Oest
Viedta” For U Rah Sad e
consider ot average onllet and sorghum
merotation withy cotton for the
170,000 ha of the progect, wabioseoeed
by A0%0 vicids obtamed usimg tadibonal
methods I the cose of maze,
mtraduced and oopulanzed in southern
Mab, tesuits Bove been tnespectod

more than 24000 b have produced
mieat yvicids of aboot 2 thig

Dl e

;)rr‘y|w,|

vielde,

For the two cxamples mentioner above,
we observe that (1 important advances
were achnoved both in industnal {cotton)
and food crops and /20 imtensification of
cetodl crops was not possible wathout

suthicient iogetic organizanon Goarketing,
mputs, intenseee techmoedl supervision)

In general tams, we confinm that the
developrient of food crops and then
imtensificaton are not hindered by o lack
of supenior plant matenal or sonhisticated
technoloay packages, Lul by sduations
which there s no effective logistic
orgamization, indispensable tor production
growth

Other specific examples show that such
rapid progress may be achieved through
simple innovations. These include the
tast replacement in Seneqgal during the
1960s of sanvo by unproved local
vanetes of souna with o better response
to fertihecrs; the dovelopment of maize
production i the *970s i the Sine
Saloum, thanks to research on this crop
with regand to vaneties, fertiization, and
anmal traction; the rapid development of
miise nosth of Adameua i Cameroon
roward the end of the 1970s when
SODECOTON, a well-established
company with importtant logistic means,
was putan charge of promoting this
ctop Alsal there was the interesting
sty conductedan the high basing of
Burking Faso by the North Moss)
Regonal Develope st Organization
ORDY m 1984 1t has proven that
buners ased to vaery intensive practices
it cotton crops do not hesitate to plant a
wihiehe eeld oo maze traditionally imited
1o ot gardens The techmical fevel of
T new e crops rotated witn
cotton o white sorgnum has quickly
attuned a gh lever of mitensitication
e Of manure oron impioved seed,
and animal tactiont and yietds (2.4 1o
A7 vhar are two o four times the
naional averaqe vield

Weaknesses of Research and
Development Systems

Deficiencies linked to the general
social, economic, and political
environment- Throughout out
discussion, we have made evident how
the implementation of innovations
depends on constramts linked to the
coonomee, socaal, and pohtical
cnviomnment The following facts should
e underhined

o he problorm of inaccassibility of
unused (enelosed) agnoultural lands;

e Low mput levels on production sites
and poor harvesting and storage
facthtiog,

e Lack of techmeal traning amaong
farmers, added to the low educational
fevel ana, sometimes, language
harriers;

m



* Poor farmer and professional
arganizations;

* Unattractive rirs chviONmients, which
ancourage urban tigration, the lack,
nmany raral areas, of social services
thospitals, schools, ote )

* Deliays i land reform measures that
would foster modotnised aqriculture,
ancf

* Poor incentns fnnces, credits, eto o,
particulari: sy rolaton 1o food rops

Deficiences in farm technology
vasearch  Aoscon means are
/‘17511/[//'(,'/(.’."[ ol to revse ot
dermands. Suci msufhicwney s esperially
Aramatic e e o g ount

® The wide tans of o and the
MPOTnCe ¢ g problomes in the
tropics,

® That resemch undertaren 1o date s
recent when compared to tnat of
other clirnan SOnes patticulany e
temperate D

* The lack 1 sonu. LEIONnT Of
nongoverssnental teonimercinl)
tesedarch on cereans unlibo the
SHUABON 10 ety gte 000y
(mechanization g nesticrdoes);

* The dehicnon s g e starthing 1o
CIRErge i sever i bt tosogareh
PTOJECES al aie vites o Sty e
Progress, andd

® Lastly, poor teseatth undertaken on
trachtional production systems and on
ther short and mesdium term
HMProverient

Research ot orncy 1 Observed,
especatly oo sernarmton ANONg
different vosegoh fedds theme specifie
rescarch wath anuthicieny
INtETCONDLCHOnLS does ot promote the
implemeniaiion of qeneral techinologies;
Mmuch bane tesearch s not granted
prionty by trose taspansible for
development, and o1s eviden that there
A ROMe mussmg hinks, especially i the
cerenl sector, i relaton (o post-hiarvest
antt product mrocesang fechniques
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Researchers often lack credibility .
Developers de not trust results obtained
at prot statons and they question the
researchers” abiity to analyze technical
probiems of developrment.

Implementation deficiencies Besides
the general problems that hinder the
mplementation of mnovations, 1t should
be noted that mnovations are often not
well known. Many authors have corectly
pomted out the slowness of the
technology dissemmation SISIOININ,
Soeveral succossiul expenences or
mprovements that shoud be widlely
adopted by producers are not midis
Fnown 1o the tural populatiors that might
be interestad m tnblementing them

On the other hind, e arowing number
of techmcal semmas and conferemees
that bong together nanonal and
mternationsl eanents does not 12ally
contubute to nnproving tho sttuation:
e recommendation- aned CONCISIONS
vary rarely reach the peopls rosponsible
for agricuttural advance Bosides, they
AT WHen an a sty and language well
beyond the unaerstanding of rural
populations. Lasty, many research
products (small toois, adapted formula
fertiizers, cortifiod soods) are not
available to farmer

Innovations proposed are often not
adequate for farmers We may quote
several cases of supposedly superior
vaneties that do not swit the consumers'
taste. Surveys undertaken in 1981 1n
Burtkina Faso by iICRISAT have clearly
broven that the supposed supenority of
Itnproved sorgbun vanetes Was not
demonstratcd whon they were used by
farmers. n sonthen Mah, new varieties
of shorter cvele mmze woro abiandoned
when farmers realized ihat they were
less resistant than tadimional vanelies to
drought puriods dunng the cropping
S0650N

Fmally, techinologies are: POy
implementaod Frequently, we have noted
that outstanding technologies, such as
the use of herbicides on matze, lose a
large part of their value and eltectiveness



when dosage, application time, or even
the type of product aie not properly
chosen Waortld Bank experts often
explam, o postenon, that expocted yields
for certain development projects were
not achieved largely because nither the
types, not the dosage, nor the
recommended application techmgues hod
been comphied with adequately

Several attempls atintermedite
mecnanizaton n Afnca faled dospite
optinmustic farecasts because L size
et oo small to achieve o certim
proftability margin, because ot {anmers’
deficient technological know now, o1 e
lack ob mputs requited by mechamzation

Conclusions on Research

and Deveiopment Strategies
General Conclusions

Research and implementation of e
lechinologies cannot be conceved apart
from a goneral strateqgy, under some:
basie grnnciples

* U necessary, modify or adapt the legal
regumes ob land tenare,

* dmprove general conditions of tural e
thealth, toads, cducation, et ) aned
begm tarmmg potentially productive
Z0nes;

e Develop pohicies 1o aid producers
(product pricing, input SUDPIY, et
ete )

* Increase the producers’ ability to play
an active tole, not only i producing,
but also i marketmg thair products,
purchasing mputs, or managing rusal
land,

¢ Develop and mtegrate upstream
tnputs) and downstream industoes
ttood processing). and

e Organize and mamtan medum and
long term efforts mmed at protecting
and restoring the natural envaonment
and at preserving natural resources.

The implementation of such strategies
assumes close coordination and a
continuum of efforts in each state, but

also at a regional level. It also assumes
coordinating donars’ efforts and,
therefore, a hanmonic distribution of
toreign aid, which s 1o casy task

Consequences for

Research on New Technologies
Increasing overall research efforts
Bave reviewed the numerous reasons
that favor an mtensification of research
eiforts Concernimg thie coosystem, there
st g mportant eftort 1o e
aeplementedan order W have g better
Fnowiedge of the furdamental
micchatnsms of the eeosystom and 1o
define the niost appropiate methods for
protecting and making adequate use of
theenvironment at the tarm and regional
Frels Concerning agneuiture, o
distimcton can be e between short-
and miedium teon coseareh

We

SHOC Lo teseanen st e based on
tie farmers” ool preblems, i order 1o
CHIDIAe constamnts usmg the resuits
obtaned Several sunple technigues,
whien do not regquire gqreat mvestments
O an optimum techime. crvironment,
couid be mmplemented gy diversified
wathin the aoesearen and development
Fames ok e olong reseirchrs,
developrys and prodncers

s s vital to the
futire, teguinens o better knowiedge of
the eovronment and the physological
mechansis that condimon plants’
adantaton to ther cnvronment and to

It shall also
aun At devising the rnost cticent
agranomical technigues, wadely
diversified and adapted th the rnajor
systems and ecologqies 1t shall seek
stable systems and low - cost nputs
onented 1o mtensrze and continuous
crops. It shall aim at diversitying
products and finding new technologies
for proczsaing such products

Long torn ronear b

Ty oSt productive systems
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increasing research effectiveness and
cohesion-- Effectiveness and cohesion
are two major elements 1o be taken into
account, mvolving the following

e An effort to brear the barmer and o
conter responsibility on research
workers. The emergence out of
disciplines - tght isclation and
mvolvement of rescarchirs woring
on a given ciop i other specialities
closely connected 1o ther personal
focus, together with a product-related
or systemerelated approach in an
ecological zone 15 an excellent wiy
ta encourage specialists 1o work
together m g realtidisophnary team

* Better orgamzation of world research
efforts. Making o restronpective
analysis of the CGIAR, wee can cieariy
dappreciate its amportance
beneficial tole g its eftores 1o
define and anpiement g o world Steatigy
for agneuitiral research based on g
balanced romesentation of nsttutions,
cach having a weell defimed mandate
Fhe tecent doveiopnent of o
SIgle-theme tetvote s enbsineg the
parbcipation ob sevesan bartier
nternationai iatrnteo biliterng g
organiZzations, nahioral recsegre 1y
centers, el
At e to mmprave reseaton
effectiveness

Fooonstitates oousetin

Increasing efforts to disseminate
technology Researchers and, in
denetal, ali potential imnovaters, should
promote the rapnd, and afficiont
dissemmation, ol areas, of proven
techriques and expenences

sy,
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Conclusions on

the imementation

of Existing Techniques

The World Bank's? analysis of the
reinforcement of the research and
development system cleatly shows the
need for soldary™ among the parties
nvoived, i order o reduce nsks of
mconsistency and to moerease the
effectivencss of sworkd otforts. A
contmuous ettort s reguired to increase
dwadreness of the mterdependence of
cAch partner’s work i achieving the final
qoat 1o provide:
hnkage between tiseon b o
develonent stateges onone hand, and
e resporse (o the leaguimate demands
of Third Weld produiceas on e othor

This s the only way

Along i ane of thought, e toliowing
s oessentian for ait those concemed with
wehnoiogy unnlementition

o Do devole gttention o the study of
Fotrmnn s’ starhing wath the
less prrcegen, and o vhoenover
NeCUsSHtyY Lo enooltage researehers
and speciahsts 1o SOIVES, G5 DHOTHY
basis, the techimicat probiems found:

o Toantans e, Shout proposed
selutions Gnd then adontion,

® o organze e agqistes Gnputs,
marketing o the adoption of
Fiesv technoiogee

¢ To encouradi: b proatessive ke over
at producers i s ranagenent of
such ogstics, and

e Toostunuate the development of the
upstieam and Jdownstieam activitios
irvolved i the mcrease of Crop
prodaction

Dot

Notes

I According to e Farring Systems
Program, Intemational nstitute of
Tropteal Agniculture (ITA)

2 World Bank 1983 Report No. 4684,



Discussion

A. Turrent F,

National Institute of Forestry, Agriculture,

and Livestock Research, Mexico

The purpose of my comments is to
enrich the Latin Amencan perspective of
this excelient papetn

Dichotomy s a very typical charactenstic
of the Latn American farming sector.
One hinds 4 v moden, capnat-
mtensive, eficient, and market-o iented
farming subsector contrasted wih a
subsector that s typically lak.or mtensive
and primardy ammed at the survival of its
human resource, and that uses modern
mputs on a very hmited basis. A few
campies of the fust case are the Yaqu
Vodley o Meven, the Cauca Valley m
Colombrg, ana the coastal region of
Porn Wheat 1s grown m Mexico in this
rind of setting and yields surpass

S5 tha e more than one milion
hectares that are alimost totally
mechanized. Poactically ol services o
farrung are abundantly provided here Rt
can reasonably beosad that here the
barners to hugher yields have 1o do
exclusivery with solar radition and with
temperature tegunes These batters can
bir remavied only through genetie
breakthroughs, tather than through hetter
dgrononmie practces of production
Unfortunatedy the tighequahty land and
Waler resouces necessary 1o this
suceans story e provided through large-
sCate wngation and dre arted, and So s
the telative size of thas subsector, which
m Mewco acconunt tor Tees than 10%, of
nearly thiree toathon farming o

The tradimionad farmang sector of & e
Armonich consttutes the larggest
proportion of sts farrming uots Iy
nortlly associated wath bmited ser o
Lo producton and marginal soids, aned o
dotminated by taditionai farming
technologies However, there e
working relationstps hetween the two
subsectors, frequently thiough the labor
markel, that evpose the taditional
subsector ty the use of moderm mputs

In this way, pesticides and fertilizers are
becoming the rule more than the
exception in the traditional subsector.
However, productivities of land,
especially of labor, remain low and
cartamty could be increased. It can be
said that there is an enormous potential
for tood production m this traditional
subsector, but that the rules for
developimg the same are not well
understood yet. [tis obvious, though,
that agronomy, in conunction with other
necessary disciplines, has yet to make its
best contubutions

Maize 1s grown in Mexico almuost
exclustvely within the tracitional
subsector, with yields that average

I8 tha, over an area of 7.5 million
hectares, and using about 50 man-days
of labor per hectare

N dealing with the question of how
nouly adapted tadiional technologies
are to the current and biture situation of
less-developed counaies, there are a
munber of facts releviant to the case of
Latn Arenca that woudd ke 1o
discus s

Traditicnal Farming

Systems in Latin Arnerica

Fust, ot must be sad that Latn American
technolorpes ongimated from an almost
fvee century old process mowhich native
Armenican and Indo Curopeen know -how
and resources were tused This process
tors produced both fammhes of
technologies that chatactensze the
mark et onented and the tadimonal
submectors. In speaking of tradivonei
technofogues. two major types must be
recocnized (D siash and-burn cultivation
and () sedentary farmimg The slash-
and-burn type had been autarkic until
recently, but demographiuce pressure on
the: tand s shortening the previously
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used 16- 10 20 year inllow penod. Tins
has brought two aew cnalienges 1o the
traditional producer weeds and lower
sof fertdry In e vanse of Micaco,
whoere abaiit fue aniiion hoctires
contmue 1o be managed under e,
Systen, and more specahoad, in e
Yucatar Pemmsali where faflow penods
A as shor gy tou voars, tatmers are
aready usmg bath fertinzees and
herhicides m e socond v of
cuttvation Tre sestom s evolving out of
BIPIR IR

Many exampics of nonantarkic,
mtelitaeni and even clogant solutions 1o
confouic s barers may he tound i Latin

The sedentary type of faimung in batin
Amenca has vanants et randge from
ey advanced to poorly deveioped,
withir o traditonas context Eeamples of
e better types of the formern vanant are
e crope anidh dhonry ander confinanent
tadhticna mode o e fagh plateau of
R 1CO and e ptato marze b
systern or dioteges Coiombing In the
TEST enatnpl e, ot o oo tee the native
ATDercan agneuitute onane, RTINS
PUINpIng te,ocote and capuhn foas,
turkevasl and the furopean egaey oty
Apples, peadrs, phms, nolstern o,
Cattie, hogs, stiven, hions, Dorses
combimed by a technology biveding o
together, whete oadern imputy are
cormonpiace Trerns Loty s ronnn
for adviancenent in s model, but 1
researcher inust Compretiend the
prefequisites of the gy stom, ore of themn
bemg hat mers cgronomy does ot
provide il of the aprcand for
HOpDrovennent

Refining Traditional Technologies
Many exarmiptes of nonautarkic,
ntelhgent, and even elogant solutions to
ccologu il barners may b found e Latin
Amenca by ail means one of thern s
the st ooty of maze with castor
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beans (Hicinus), devloped by tadimona:
farmers of the Qaraca Valiey o exico
This cropomg system allowes for Ve
round use of deep, mediam 1o neavy
testured sods, tndet a chirmate
charactenzed by GOD i 1oy toniall,
that amoonts 1o about one Dod ot e
total evaporative demand Toe producer
harvests marze gram for tionne
consumpbion and castor beans for the:
market, maize stover and costor beran
foliage o teeding dratt cantte e ase
firewood  The <oy receive maidorate
arnounts of ctermcal fertilers on g
yearly baus dned abont five tone ot

I e et Sec e avery S o b e
yedrs  Tnete ot ol toom for
HDTOVe Tl g S Sy sleln o crilly 1n
the area of labor wang technology aned
of genetc vnprosement ct oot bean
sLo e At conlil preddies o foliage
and denser ceood The mioae conich
cormbines annual and e crops, s
coetbnnd, setui for the atonsification of
Land tne sath gt foenenieng]

St heas Leuc e ng,
Gliicadicn . oo and Cactos son et

[SAPIARIDIRIRTIY

Phcse teadinionas Linmmg s stoms tond 1o
Bevve i cor oo s itensie ue of the
nd o ten s o e, thiey gl
frequenthy provide solutbions feg
topographeary marginal iand, Although,
As o tule, imnted concern s green o
protection of the ol agamst erosion

We researchersan Latin America have:
only recentiy bequn o develop the ools
T penetiate mto s astonishing world
of tradiionai knowe - how and 10 study
e pinemies involved i developing
altertestize moddels sutable 1o different
suitions i do nal beheve, though, that
weowil discard the neh st of ponciples
of the dadiional technology, when we
will suen b to face thie fnghtful world
of the tarn o e contury, whion
probably Al macgmal and waili hoave 10 be
putmta prodaction

I would mamntam that to improve the role
of agronomy i the development of the
tradhibonal subsectar of Latin Amenca a
ot maore effert should g into studying
directly with producers the difterent



patterns of technology adoption  This
information snould become an important
tool for tnchnology refinement. The
prerequisites for a new technoloagy
should be examined, and practical sather
than normative solutions showld be
adopted Ly rescarchers, In thes conteat |
onsider that the efort made by 1atn
Amencan natanal progrims on s
subgect s partculayly msufhomnt
Fuoatuation e todds, ke thiese dovedago i
- the Puchia Project, shoald beconee
vy used

I deatng ittt spoeoiications for
pnproved marze vaneties proposa hiat
wargnt should he griven to guahty of thee
consumed product, very much o the
manter that s considered with wheat
The gquality concept m the case of mans
b tosbtiondatly been eaquated with s
[AITASREIY scentihie
comrnsaty total protem, e e o
Daiance, e guanty of Stareh, ete ) Gt

Cotue b e

e Do ontens of gquait, Ties seems
to b degaey of e T 0 contur,
Futopeste oot e, wnen e Pelinagn
syndrome attectod populiabons thea
CONSUIEG Ihan e aqeann it ol e
Do ther that Foropeans deogped e
Yo queate for gl fosed bt

consLIimpton

Fragr sy o

e eates tor g
POy mvne v o e Thore
devetoped countie s poiiesy e el

foedd aned aber os e maten ) b
vty for haran

el corn

sty ey o
fed G ) wn
Contral Arnenca, maze gram s widey
used as numan food, anog the alealine:
processing moboed anomakimg trtdios
reledses enough nyacmogen that it
priscents the Pellogia syndrome The
b eldimg maise vaneties ot the
tncraestern United State s are excedhont
for bogeraton tormelation, but terbly
poar for matsneg tortdias, as my
countryimen bepge dearmed an the last
tecade

I hleeaco andd

Wi st also teahze that, compared 1o
that of other cereals, mave stover (s
cecellent as a fodder and that o short
plantas not always conventent for animal
and plant husbandry inant .grated
farnneg.

The authors’ excelient coverage of the
topic of soll protection must be
commended. | can add very little to it in
the Latn Amencan context, except
perhaps 1o uge that the implementation
ol soit protection technues must be
mumately associated with improved
production and labor-saving
technologies Operationan considerations
and efforts in tarmer education become
central to the adoption of the new soll
protection tecnmology  Structural
Changes n et und to introduce
Al Baasbondn, sall craate the need o
produce green forcge and Gt the samoe
tiee produce manure for the sold. This
will i turne prosaee opportamties for land
use that better cotresponds to the and’s
Capacity

anbhiat that the e o posticedes in
traibtional farnirg, particularly inwhat
ras been called Mconservation ullage, "
should b considened aone as a
Tnecessary et than g imiracle
solution” 1 soang problems such as
sol ctosion, Libor scortages, methcient
use OF wigtorn ol

Fepenence i bats Janenca reveals that
topditional tarmers seldorm observe
o (rotechive medsures and are
potoary targets of carcinogenic,
ietatogenic, and mutagenic long-term
ettects of many pesticides. We have
abserved boys donrng water from
Paraguat contamers  This herbicide 1s a
deadly poison when acordentally
mgested o the Epdo Juan Jacobo
Forres, Veracnue, RMesco, farmers have
adopted Paraquat teennology so well that
they cven follow the rale of washing and
boding the Paraquat contamer in
dtergent and then usmg it as a
convenent receptacle to cary dninking
water to the hields Anather example s
thie use of Lindane o maze and dry
beans for post-harvest protection
Farmerss have discovered that ts
msecterde oo nespensie and widely
avalable methad tor preserving ther
grain for long penods. Even though
normally somebody m the family can
read, they choose to ignore the warning
of the manufacturer that the product
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should only be used for planting seed
and not for grain protection. When
questioned aboul this danger, they
frequently argue that they have been
using the same product for almost 10
years and nobody has ever gotten sick
from it

Conclusion

Iwould ke to make o hingl cormment on
the wesknesses of research ar
development syatems This coonmoent s
directed maore toward the noniondgl than
the international conte~U s baditional
that the contiad research systems of Latin
Amencan countnes have very poor
retatcoships f any, with the nationg:
unversity systems This situation
frequently sters hom the doama e
the msttutes” business 5 o conduct
research, whereas that of the umversilies
15 10 teach

This dogma has provented the wel-

known interactions that ke place
between the two groups in the more
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deveioped countries and that have
contributed so much to the advancement
ol science and of productivity The state-
level university could deal very efficiently
with local, specific problems, whereas a
central research systerm courd
concentrate on problems of regional and
natonal scope. This would concomitantly
auprove the guaity of education through
practice, and at the same time make
quvernment funding more effective.

We Latin Amencan scientists should not
et present university problems, such as
student strikes and lack of human and
matenal resources, prevent the
aevelopment of a long-term frunful
refattonship. At the same time, the
mternatonal scientific community and
donors should address the problem of
how to balance thz investrnent in short -
termm solutions that tend to perpetuate
the need for foreign assistance, with the
tnvestment inanstitutilonal development
that will decrease deperdence on foreign
assistance.
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Human Resources Development:

Transfer of Technology

M. Catley-Carlson

Canadian Internationa! Development Agency, Hull, Canada

There 1s at feast one wish that 15
corunon to people of ait natons,
id=ologies, and ages - o there o be
muote food, enough for all the nungry
people i our world, At imes ties has
seemad an mpossible dreamy As
recertivoas a dozen years ago at the
World Food Conforence. imost of us
didn’ Peiewe the waorld could grow
enougn tood for aibits people

Well, surpmse! I TOREG we can sav that
nnpossible drearm octuadly seems to have
comer tue We can naw see that duning
the third quacdter of oui century world
food production outiaced global
population gqrowth. The plow wirs quicker
than the sterk for a white, at least
Froe, we still have as many hungry
people, maybe more but we now
Know, and are acting on the fact, that
e hunces e eanny a tunchion of
poverty, not o faod ccoaraty You have
heard dunng the past two days some of
the details of how mareases in food
production were accomphshed, from
somie of e minacle maxers thersehos,
and you have beard sorme thotngnts
about what we must do nest o revive
the stalled merease i food per capita, 1w
ticaer Phase Two o1 the Green
Revolution

This 2Oty Anrersary of CAVIMYT is an
ideat time to reflect on how the miacle
care abouat, and o pay tnbute to the
people and the institutions who made 1t
happen. tn fact, we should be saying a
siall prayer of thanks every day,
hecause 1ts fnghtening to think what
shape our world would beoin if we
hadn’t had these gant <teps forward in
agneultural productvity Unquestionably,
we have been sponed o agreat deal of
turrnoll, sutferiag, and hotror

In a way, what the Green Kevoiuton has
achieved s that it has bought tme: for
us. It has given us a cousle of precious

decades to get our global house in
order —to find a way to balance our
himited resources with cur growing
numbers-- before the lingering truth of
that vile but venerable equation,
constructed by Malthus almaost two
centunes ago, reasserts itseff in scenes
of fimime and chaos Are we using that
aift ¢ time wisely? Licave It to your
judipnent. The big questions now are,
I think

o How do we sustain e recent
increases e agneultural production,
both eeologicatly and econormcally?

* [How do we keop this kind of
dignicuitural progress gomng, now that
the bect opportunities, the eastest
advances, have been tiken advantage
of, and absorbed into the system?

o How do we spread tne Green
Revolution 1o 'he countries and the
classes of peonle who bave been
bypassed, but who need it most?

* And, when the priesthood of
agricultural science actually does
come up with the real goods, the
breakthroughs and miracles, how can
we forge better hinks between labs
and hfe, how can we get the results
out of the test tubes and into the
buckets and shovels?

The topic for this session 1s “"Human
nesource Development: Transfer of
Technology.” We miust know something
about it after all, each of us /s a human
resource. But the rest is very
problematical - there are as many ideas
here today of what ““development’”
means as the number of people present
in the room. And our ideas are likely
almost as divergent about what
Moechnology' sigmifies, and about how
you should, can, or can't ""transfer’” it.
One thing 'm sure of is that we won't
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reach unanimous agreement, but
diversity of views at least allows us to
learn trom one anotner

Planting the Seeds of Progress
Human resources and technology
transter 15 an ared of overlap, where the
actvities of CHMY T, and ot the
Consuitauve Groun on International
Agnenttural Besearch {CGIAR) as a
whole, coinaide with the concerns of the
Canadian iternanonal Development
Agency [CIDAT and of il the other
nstritutions rooresented here. | approach
this question, naturany, trom the

VICW DN O oo donor government and a
funding agency

Knowledge fas ne copact, s almost
poiritless, unless s passod along
threugh taining o cnter into e affairs
of the world.

What are we putting into CIMMYT andd
the rest of the international network of
agncultural rescarch centers? Quite o
bit-—about 5 milion of the Canadian
taxpayers” hard caned dollars, making
Canada, | beleve, the second lagest
national contnbutor to the centers’ core
prograrms ko good neasute, we gre
also the eadimg sponsor of projects that
are tunded bilter st by g donar country,
but executed by e COIAR and its
membeersy

What e
Good vatue I have no doubts about

that  The Green Revolution itself, and the
centers” vitad role in the process, m so
many countres, 15 an obvious and
overwhelming justification for the
relatively modest amounts of fnndie the
COIAR recervas Thero iy roaty no
question that the Canaamnn psublic,
nsotar as e vare of i centers, 1,
more than wibing to sec ad dollars put
o ther work, and fully aarees with ts
kind of long term mvestment in self -
reliance

e et for our money -
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We also se¢ the CGIAR as one of the
important agents in the broad advance of
Third World scienuhie and agricuftural
knowledge . Conadians as a whole
recogrize that the imbalance becomes
downnaghi scandalous swoen less than
5% of the world's research and
development s focused on the needs of
tec-quarters of humanity. We believe
that the best wiav 1o correct the
imbalance 5o contiibute 1o the
mproviznent of national capabibties in
research and development throughout
the developing world That's why the
Patnament of Canada created the
internatonat Developient Research
Conto ODRCH, ano continues to tund its
ettorts 1o Sponsan researen ing, by, and
for the developng countrnes. And that's
aiso one of the reasons why Canada has
been ane of the oo donors to the
CGIAR

To get more specific, another result we
see whin ow ad doflars are invested
here s the taming actvities carmed out
by CIMMYT and e 1ot of the CGIAR
netwsne U Trainig eeovecarything, ™ sand
Mare Do, andd wnile he wasn't
thinkieg ot agoceultuna research, ne was
auite ngnt knowledge has no ampact,
soalmost pomtless, unless s passed
along mrough tramuneag cHorts so o can
enterinto the affairs of the world.

I understand that, over 1ts 20 vears,
CIMMYT has provided 2 great diversity
of training opportumues for more than
4000 people from close 1o 100
countries  most of the taining practical
i onentation, and most of the tramnees
yound but already with sionificant work
tapenencean thea helds Furtner, |
behiove that oore than hall of these were
inservice” tamees already working at
the muddle levels of national agnicultoral
services inosuch countnes as Algeria,
Bangladesh, Pakistan, Peru, Tanzania,
and Turkey. That s a record you can be
not satshied with, because there’s sull
too much to be done . but proud of . It
reprasents, we can all appraciate, an
naportant step in building the absolutety
essential foundations ot the national
agricultural knowledqe systems that must
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be created in sl parts of the Third World
it we are to face the globat food problem
head-on, and win tie war on hunger,
permanents

Pthink we ab realize oy iamportar the
ammyg oppetomities otiered by CHRARY !
have heen, potman apieacng e Greer
Revolution dnd o i intina the seods of
Biture prageess aroand e ginge Toat s
WY WE AT SO oy bt o
IAHQUIATICT T CF T ey T iciiity

Withe il e proreases o

It hae
1O vome that e ot
AR N RS E TR LA
aeperics s dinen thy upon e abar, of
fdovesoping Sbeiorh g adapt
sentfie b
And that abas ot - P oyt
SUONG2e e el e greh

SYSTOme ey
ANt partoe o
nternationa andd aaticna contor, oo e
fuliy offociio e oy

Hosely toue e o et atal sues s

Bonn cvndent tor b e e past

vt s of

Storal resarch cente s

RN ERTRLR T

Badepe e B bty

P WWortd

. Coon

DLt e

A theey oo
st g poonteee g e tesiareh
sqenida, aned che et 1 e ey
I or it e ey Bt and
. Hrll;)iﬂh‘ IR ST AN

Pheri s cre e owgnt would e
L put forsard Yo o conarforation,
while we e talb g abhoeat tramimag aneg
DATINRESTHD . 0 S 10 e Y‘H{HV”H} trnes
15 tpe te ey some dhifforent apnroaches
and driv onesame relatively nes
resources  m thimking partucuisny ol the
now guite substantial mmbers o wel
tramed peop'e quoite g oy of them
tramed by CINMAY T who are ot work
N pictes e onne Of e o
Avbvanced god soobosteatodd Topd Wor'd
countiies the Indas, e Bioaals D inine
would ke ot of serse o sgeh
peodle 1 be addhnag o news Breensien o
partnershie by working swith aed tiehing
to i ther counterpans m the by
fortunate developimg counties Atror ali,
there are an awtul ot of loca needs out
hire s the Toard Worded, and SIMMY T
can't tram evervhody . and maybe those
who have dlready benehited have an
obligation to helpy others Bfaouan somee
form of South South partnersing and

cooperation. | would be very interested
N your thoughts on whether this has any
notential, and how it might work in
nractical terms

S50, to sum oup, fram the viewpomt of o
donor, Canada e extremely Dlodsed to
have had some supporting toiz in
CIAMY T's firet 20 voars of success ar d
actevement- but Sas than confident
It we now have o thie answars to the
aiobal food questian, or that we dre
domng ali that neod< 1w be done, or even
hat we are necessan acaded toward a
DDy OUtCo

Toward the Year 2000
o try to loos forward, e
Tght up aheadt, but we can's )
s g new day davvring, i ocomotve
racing toward us Une way 1o ge' our
beanngs, 0 come 1o A realistic
appreciation of our present siuation, (s
lo ¢cast our minds ahead--say, o the
year 2000, the end of the century, tne
end ol the second millenium—and ask
ourselves, “"Where d¢ we want to be i
the yvear 20007 And what do we have to
do e aet ther?”

Tne answer s, of course, “"“We want to
have g weil-fed worid 7 We want to
have anougn food, so eauitably shared,
that no fuman born on earth will be
prevented by omalnutiition from
deveiopng, physicaliy and mentally, to
the fuil potential of his or het genetic

minentgne e

Wi already know tha this means making
toarf available 10 the half-billion to ane
Biifioan people whno, this vy day, will not
LU enongh to o sustan ther strengt tully.
And e can doreses that, onctop of theg,
L AISa means rasing enouge food to
provide o the estiy anu fon plus
people who wiil be added o the world’s
population by e pear 20000 W giso
Cdieady, g by detads bt 9009,
apbeowall be bornony the
Fhacd Workd and, by the yoar 2000, half
e popuiation of the deeseoping
clies, oy the 1ot of

IRRIANY

conntiies el e
A rnassive demograptie, shaft it
precedent o human hstony
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We know, too, that the extra food we
need must come essentially from vour
work, from quahtative progress as a
result of agncultural research. We can’t
meet new needs in the way 1t was donoe
through most of ow history - hy putting
new land under the plow. We've taken
that approach as far as it will qo, and
beyond. Prime agricultural land s beimng
lost every yoear - to inapproprate
agneultural policies and farming
practices, to the spread of cities and
villages, to factones and r1oads and
parking lots, and to housing for the
growing billtons

We want 1o Fove OGN TOO, SO
cquitably shared, that no-one will ho
praventod Beomalnutirion trom
developing, phyvsicallh and menially, (o
his ar ber iull potonte]

Ard the new land being tilled is
increasngly marginal, which means
lower producivity, crosion,
desertification, and environmental
dechne. As people saramble 1o grow
crops and raise herds in the foothills of
the Himalavas, or where tropical forests
recently stood in Latin America, or in
semiarid Alrican bushland, we are losmg
ground--about six million hectares a year
is turning into desart and we are losing
perhaps twice that area each year from
our temaiming forest. In total, about nne
thiret of the world's people now five
countnes where cropland area s
shiinking - The only possible solution s
that we must farm smarter on the good
land, and reap bigger harvests trom
improved crops

This is exactly the mandate of CIMMYT
and the CGIAR- 10 show us how to
produce those harvests and crops. But
the world 15 not a laboratory, where
conditions can be contsolled and results
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reproduced time after time. The world is,
rather, a wonderfully complex puzzle-
house, where it's a long jump indeed
trom cause to effect, and the expected
result of anintervention can be blocked
or changed by more factors than anyone
could count by tactors nsychologizal,
cultural, pohitical, motvation v financial,
chimatic, and on and on

So agricultural research on Third World
Crops s ceitamly essential. Tnose who
wotk for CIMMY T o1 the COIAR, the
other research centers, o elsewhere in 4
nationat or international research
organizaton, are m a sense the hinge on
which we can swing open the door 1o a
future without hunger But there’s more
to getting through that door than
knowing the hinge works

Elements of Agriculiurl Change
To aet where we warnit 1o be, 10 live in a
well-fed world by the vear 2000, we
need to tackle a whole 1ot of other
crucial questions beside rescarch. We
need good answers to g host of
problems that e civelly soci ang
Pahican i nature

For mstance, land use, as | already
suggested, 15 of urgent importance. Aftor
the lesson of Aftica’s cosis over the past
Wwo years, | don't think it's overstating
the truth to sey that land use presents us
with a global emergency. But there's
another closely related dimension of that
problem i the question of land
distnbution.

As population arows, the anount of
cropland per person shrnks
Smaltholdmgs are divided among the
farmar’s children, cach receiving a plot
100 small to mantain a tamily - or are
passed to the oldest son, leaving the
others as landless laborers, likely
migrants to the swelling urban slums,
lavelas and bidonviles. And land
ownership tends to trickle up as the
larger landholders, able o atford the new
technoloqgy, use their profits to huy out
those whose olots a.¢ ton smalt and who
cannot afford imgation and tertilizers for
the new high-yielding vaneties



In many places, land reform is badly
neednd to maintain some degree of
employment equity and social stability.
But history shows how difficult land
reform is to carry out, despite the
benefits it has brought to, for instance,
Korea and Taiwan. Those who already
have the most land are normally those
with the most political power and
influence. Since the landless are almost
always unorganized and without a
political voice, it is very ditficult indeed
to see a political solution to this
dilemma, except in isolated and
extraordinary cases-— sometimes in the
context of aid projects

Yet another crucial question, on top of
land use and land ownership, 15
agnicultural eredit. Again, those who
have are those most likely to get. The
large- landownar, prosperous and
plugged inte his society, has access 1o
its credit system and can invest in the
new technology far more ecasily than the
small-scate, marginal farmer. And if it's
tough for the small-scale farmer, the
credit crunch is absolutely forocious for
Third World women. Essentially, they are
automatcally shut out of the system.
And yet, they need crodit, and can put it
10 good use - as shown by the success
of one of the rare mitiatives i Lhis arca,
Women's World Banking. Up to last
year, this pioneering organization had
helped 20 banks around the world
provide 1000 loans to wornen, mainly in
developing countries. Number of
defaults? Zero. I'm happy to say that, as
part of Canada’s special eifort to help
Africa recover from its crisis, we are
providing CA$ 3 million 1o help
Women's World Banking increase its
impact there. But so riuech more needs
to be done.

Extension is another aspect that is
especially relevant to the work of
CIMMYT and the other CGIAR centers.
Unless new knowlesge is spread to the
smallest farmers, i« will not yield
maximum benelits, and it may only add
further to a growing gulf between rural
rich and poor. But extension services
have mostly been spotty at best in their
performance, and are often understalfed,

ramshackle, and ineffective. As a matter
of urgency, we need efficient systems
that are well enough organ:zed and
funded to reach the furitist village and
the smallest field. There ;= .ot much
point in mvesting in knowladge, and then
falling to make it known--we should be
putting as much money and effort into
spreading the message as we are putting
into discovering what the message is.

Community development is one more key
o greater food production. By improving
education, or health, or the local water
supply, or training local leaders,
community development efforts can
remove some of the barriers and
handicaps holding rura! peopla back from
what they could accomplish. Investments
in what seem to be ur-elated fieids can
actually boost productivity, as
documented by a World Bank study
showing that a farmer with just four
vears of basic education produces 8%
more than a farmer without that
schooling, even where agricultural inputs
ate not available. Just as there are
negative linkages hetween sectors—a
sick farmer is an unproductive farmer —
there are positive connections, 100. So
efforts such as Canada’s Africa 2000
mitiative, which aims at having 2000
village-level, grassroots development
projects under way by the end of next
year, with broad parlticipation by
Canadian voluntary agencies and
community groups, as well as African
nongovernmental organizations and
village councils, are also part of the push
for a well-fed world.

I will rention just one more of these
seemingly nonagricultural factors that in
reality are decisively important to
agricultural progress. If you set out to
change a society, to foster social and
economic proc ress, and you
systematicall, ignore hall the people in
that society, you iust leave them out of
your plans, it doesn't take brilliant
analysis to reveal that you are setling
voursell up for failure. And yet, that's
exaclly what development planners did
for decades--with some honorable
exceptions, mainly among the voluntary
agencies. " -
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give you more influence over that
process, and partly so that you can in
tact work delibarately and consciously to
budd, trom your end, the linkages that
are needed betwoeen agricultural research
and the most humble peasant in the
smaliest neld 1t takes two to make o
linkage

Second, we il need o spend mose ime
hstenmg to the people who are supposed
to be the object of all our development
efforts. We need to establish in our
tmetables real time 1o go into the
villages and the fields and see what s
really happenimg, Maybe for every
hundred hours spent i the lecture pall or
the: laboratory, three real howrs should be
spentin a peasant’s hut o a remote
maize pateh. Abier all, in the wise words
of Yogr Berra, "You can observe an
awlul lot just by watching ™ And even
more can be learmed by dulogue, by
asting the nght questions to the people
vihose vosces are seldom heard, and
whose lives and futures are most at
staee - whaether things are getting better

or worse, whal needs are the most
pressing, and what help would be the
most useful.

CIMMY T now has a 20-year record of
important contnbutions to human well-
being, to the war on hunger 1f 1 were to
prescribe an agenda for s next 20
years, | would say: first, aqive us more of
what you have already given us,
research that enables us to grow more
food through better crops and methods;
second, give the developing countries
even more help in thair effort to
stiengthen their own nationai systems of
agneudtial research; and thard, belp us
build all those linkages that are needed
bhatween your reseairch and the Third
Woild tarmer, bv way of ail those other
required elements ind, tor good
measute, let's get on with bringing the
Green Revolution to Afnca.

And it this seems a ot to ask,

remember. . you have already helped one
agneultural miracle to happen. All we
want now 1s another- o well-fed world
by the year 2000.
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Discussion
G.T. Castillo

University of the Philippines, Los Bafios, Philippines

Atter istening to the President of the
Caradian International Development
Agency (CIDA) this morning, those of us
from the Thurd Wond can be confident
that at least part of imternatonal
developrment assistance 1s in the hands
of someone who unaerstands
development defined i the most humane
way

My vision of human resources
development involves the improvement
of human capacity and capability to take
dadvaniage of what the world has 1o
offer so that a person s not in a state of
perpetual disacvantage.

Let me kick ulf the discussion by saying
that in the Consultative Group on
International Agncultural Research
(CGIAR) system there are two popular
concepts with which | am not very
comfortable: (1) comparative advantage
and (2) technology transfer Perhaps it is
naivete that qives me the discomfort, but
nevertheless | wonder how much of the
inequality in our respective societies and
in the world at large has been justified
wittingly or unwithingly in the name of
cornparaiive advantage: Isn't
comparative advantage something that
can be acquired, given the opportunity
and the wherewithal? My vision of
hurnan resource development involves
the improvement of human capacity and
capahihty to take advantage of what the
world has 1o offer so that a person is not
in-a state of perpetual disadvantage. In
the process he improves bis comparative
advantage

As Soedjatmoko of the United Nations
University puts it
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Today the world is witnessing a
widening of the gap between those
with ready access to information and
those 1ackmg in such an access. The
development process 1s assentially a
learning process. Develupment
succeeds when o cociety as a whole
and at all tevels learmms 1o make
optimal use of its resources through
the application of science and
technology to nnprove the daily hives
of its ciizens in ways that arc
consonant with their basic values and
ASPIrations.

Yona Friedman, a well-<nown
mdependant architect, says that “*An
essential orerequisite for a country’s
econamic progress 1s to ncrease the
national store of applicable knowledge.
Such an increase ineans the increase of
the averagn lavel of knowledyge rather
than boosting the sophistizated
knowledge of o smalt nart of the
nopulation.””

As [dream of what might be possible,
my admitation turns to the plant breeders
ithey are my favorite people) porhaps
because they can play God in a way that
I 'cannot. Their horizons are fimitless
wihen they think of potentiats. Why
coulun't we look at human resource
developmernt in the same way?

The technology transfer inodel that
conjures an image of a one-way transfer
from mternational centers, to national
agncultural research systems, to
extension, to the farmer, is neither a very
accurate representation of reality nor a
very attractive model for international
center-national program collaboration.
The: Third World environment for
agrcultural research and for farming is
not exactly the same as it was 20 years
ago. From what fittle | unaerstand, even
germplasm is internationally

contributed - with inuch of it coming
from developing country sources of



diversity. And no matter how weak a
natonal research system migh tbe, its
not a vacuum. Furthermore, when
farmers adopt new technologes, thoy
a'most never adopt them the way ey
nave been mtroduced . They ahways miake
adaptations 1o surt thew particula
crreumetinces, and that's why thoese
techn sloies work

Yesterdoay, someane showed o shde thon
pottrayed the mtermnational centers ot the
coenter, with national programs reveiving
around i My perception of the world
15 shghtly different As Margaret Coatiey
Corpson sard, Loss than 5274 of e
world s Toserret and developtnent b,
focused on the necds of Baee aunartens
of hurmanity " How abont puting thres
auartess of numanity o the conter of tie
vverse, oathe the mteonahona: centors,
focusimg then gotiviies onoat?

I ey sy we have done monst of the
cagsy s As we tove from thie
favorable o the mone undavorabte
production crrvronments, and from the
better-endosved foarmers 1o those
AL INOEC TR0 e poot, achieving
qoad fit bedbween eopenment stahon and
acteal fann conditions, becarnes more
and more problematic Fartthiermaorne, the
sigle commaodity tanme quues wiry 1o
farrming systems seanano with o
combmation of crops, beestock, and
multipuipose trees, inciading off form
and non fanm sources, of ineome. A
matter of fact, the Lmer who grows,
only corn, wheat, o neeoas telatvely e
cven under fvamble qrowing conditione,
Moreover, even a sighe crop such g
corn can have mulhple ases such as
Buman food, ammal feed, and tuel To
whiat extent do the relevant international
agneattural reseatch centers (JARCS) get
together o deal wath the real-ite farming
systerms scenano, rather than cach one
approaching only their particala
cormponent of the total small i, so
that CIMMY T comes with corn, wheat,
or tnhicate: IRRE comes wath nee, CHP
comes with potato; and o on The renl
world does not adjust 1o specihe centor
commodity mandates!

whin

In addition 1o all these complexities, we
are simultaneously concernad with issues
not only of productivity but also of
eauity, amployment, sustamability, and
stabtlity

As stated o A Comimaon Ground for
Moo Research Beqgional Cooperation in
the: NMickedie Last and North Afrca,
CIMMY T Today No 17, " The maost
adept manmulation of maze gennplasm
tono quarantes that tha resulling
vateties or hybnds will be adopted by
i and make o noticeable difference
it production and mcome "’

Fhrsreahzationo s gradually giving wiy 1o
Apmroaches that bong the research closer
to actudal Saren condiions 10 ' hetter
understand the protlems and needs of
Farrmers and serve as anonstrument for
developng technology that meets those
needs A one soenhst who s doing
on-farm research coprossed, Y 'You
have to become as carelul an observer
as the tarmers are, wihnehsn't easy
when you consider that their knowledge

0t rogon and once podad myeseif on
knowang itwell But through owr o, anm
rescarch project, 'mclearmng how much
I didn’t know and am getting o chance
to remedy myagnorance

't has also been arqued that “part of the
valus of on-arm workos that it bnings

the: tarmaers” wasdom and experience irto
the process of teehnology development.””

Although thes bheautful trasmineg facility is
athmitable, Tworry a Itle it that tamices
vl spend oo mech time mside and not
cnough e oatside. Cominmg from a
developing country, even with an
agneultute degree, s 0o asswance that
someone has been suffroently exposed
to fanms, farmers, and farmung. Studies
i the Philippines, for exampl, found
that the majonty of farm management
techicians and pest contol ofhicers in
two provinces have had no direct
expetence monce farming.
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The current vocabulary empahsizes: on-
farm, farming systems, farmer
parucipation, jomt actvities between
those who develop and those wio
disseminate new agnicultural technology,
ete. They key word s refovance. i whal
we are domg is nat televant, it does not
matter how ngorously we do it

Coming from o developing country, even
with an agriculture degree, is ne
dssurance that someone has beon
surficientiy owposed to farms, frmers,
drsd tarming.

hese developments have far reaching
imphcations for hunian resource
development strateqies from the farmer,
1o the researcher, 1o the extension
worker 1o the policymaker. The
cultivation of 4 scieatbie spint among
farrmers, the development of a farmer-
Onentation armong scientists, and the
enthronemaoernt of an understanding and a
heart i the nognt place among
pohcymakers imake up the challenge for
the: nest decads:

The: Green Hovoinnon ietature s replete
with postbve and negatve accounts of Iits
Impact on growth, couity, and
employrnent, hut hardly anyone mantions
that echnologicai changes have usherod
N new e of scaence-based agnculture
In-a-wvay that has led farmiers 1o novel
ways of thirking abou’ and managing
the farrn 1 might beve been o Graor
Revolutinon i tarmer ¢ frields, cometme:,
with a choecker ol pedformance, but much
maore pasitive, profound, and lasting in
s sigmificance v the " saence intrusion””
into fatmers” heads T INtrusion, in
creatve combimation with old pracuces
and accumulated wisdom, enablos
farmers to apply the now technology.

e .
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To illustrate, one of the first studies done
soon after the release of the first IR
variety found that farmers who grew
both the new and the old varetics
treated them differently. To the forme
they gave a great deal of tende loving
care; the latter, they left pretly much to
God. Another more miterestmg iflustraotion
of the desne to koep up with what is
new s reflected mthe case of a farmer
who, when asked what vanely he was
using, rephed, “IR20. But when
queried, “"Why are you using IR207?
Don't you have brown plant hopper
here?', the reply was, “"Brown plant
hopper? What's that? I'd like: to have i,
too. "’

One expenenced exlension worker also
obsarved that farmers who have been
exposed 10 and have adopted new
technoiogies get bored i tanmers’
classes if the subject matter is 100
eferentary . He therefore believes that
we should now be nteracting with
farrmers av “Level 10 mstead of “Level
L7 Farmers are not only mterested in the
what and how; they want 1o know why.

What we are hoping for now s 4
complementary process of “'farmer -
Mstruston’” into scientists’ heads so that
their research would meet the needs of
resource-poor farmers, many of whom
are wormen, whether they are tillers, co-
managers of the farm, sole managers,
decision-makers on matters that relate
directly or indirectly to the farin, or users
of technology and its by-products.

Research reports available to us from
India, Bangladesh, the Phiippimes, and
Nepal indicate that the majonty of
women studied who are involved in
farrming activities are ©ager to participate
magnculture telatad training, despite
then busy lives. Thoey belicve they can
stll find the wne to do so. As one
Filipino farm wife put it, "Learning about
new agricultural technology is more
Interesting than doing housework . What
15 30 wrong about defining women as
merbers of the human race ehaible for
human 1rsource cevelopment?



Strengthening National Agricultural

Research Programs

P.R.N. Chigaru

Department of Research and Specialist Services,
Ministry of Lands, Agriculture and Rural Resettlament, Harare, Zimbabwe

I addressing this topie, | have assumed
that | am expected W give my
perceptions, as a leader of o devaloping
country national agucultura) research
systerm, about hew the international
agneultural research centers, as a whole,
might more effectively putsue then
stated goals of strengthenmg *he national
agucultural research programs of
developing countnies. | must confoss
from the outset, howoever, that | fee!
constramed in this task because | beheve
that | have nothing new to offer on this
subect since it has farmed the topic of
debate i miany a seminar, workshop, ot
conterence and quite a number of
articles and even books have been
written about it

The latest efforts 1 am aware of in this
regard include the report on the
discussions of an ad hoc group which
took ptace at Bellagio, laly, in January
19806, whee futuri: strateqges for the
Consultative Group on International
Agnealtaral Research (CGIARY in the light
of the Techmcal Advisory Comnittee
(TAC) Prionties Study and the CGIAR
Impact Study were considered. In these
discussions, the need for refinerments in
the: approacn by the CGIAR to
determining rescarch nnonties for the
systerm was alluded 1o

in Februmy 1986, 1 also took part in the
dehiberations of the internatonal
agricultural research centers (IARCs) on
farming systems research at o workshop
held at the international Crops Research
Institute for the Semi-And Tropics
(ICRISAT) One: of the preoccupations of
that workshop concerned the nead for
IARTs 1o evolve a common strategy on
how o assist national research groups n
the field of on-farm or systems research.
The Special Program for African
Agricultural Research (SPAAR) Working
Group tor Preparation of Guidehines for
National Agncultural Research Strategies

i Sub-Saharan Africa hae alen producert
a draft document dated June 1986 on
Guidelnes for Strengthening National
Agricultural Research Systerns in Sub-
Saharan Afriza. | understand that a final
draft of this document will be preserited
at the SPAAR in October

Central to any discussion of the subject
of strengthening natonal agricultural
research programs are two fundamental
aspects. First, 1t is recognized that
nationai rese wrch programs or systems
are the chents of the international
research centers and their donors.
Second, the targets of the research
programs and projects of the centers,
and inceed of the national research
programs themselves, are the farmers, i
any given country. Conseqguently, the
research activities of the center are
supposed to complen:nt those of
national research groups.

In this scenario, each IARC 1s viewed as
possessing comparative advantages
through its ability to assemble
expenenced international scientists at key
locations around the world, and in
moving information, technology,

gern plasm, and other materials ac o0ss
interrational boundanes. By contras!, the
comparative advantage of national
research groups should be in their ability
1o undertake the adaptive research
essential to gererating recommendations
that fit into given local and specific
farming situations. Stated in this
simpistic fashion, however, the
relationship hetween international centers
and national research programs would
appear 10 be one that should be
reprodlucible by every center in every
dgeveloping country

Unfortunately, n real life, the situation is

more complex. There are two main
reasons why this is the case. On the one
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hand, the activities of the centurs and
the approaches that they have adopted
vary greatly because of the diverse
nature of the centers themselvoes and the
mandates that have been thiast upon
them by the system. The centers e
heterogencous groups working on
different commodities and problems and,
N many instances, they may serve
different regions of the world. On ihe
other hand, the nationat research
Programs also exhubit exttemie deversity
due o ditferences i the stage ol
econonmic developmaent of cach country,
1S population size and density, s stack
of human capital and natural resounes,
and the avaidabiity of technology In
addition, there s aiso senous
h(:ml()(]wrh'll, e aguenlturad condhtions,
nolitical
which nave doec! onndnect intluence on
agriculturai desclopment generaily and
ON BGHCWHIIA Tesealch i it hCedai

systeros, and sleorogee,, ait of
Y . ,

Iors cleanr theredons at it would bee
VACHOUS ¢ o atternpt o qenetahys:
On g workd scale onchoay national
dagucultural tesearch prograts should be
strengibienedg Porsonally, 1 hawe ittle
frest-hand copenence of agoculturd
developioent o Acaa and ) Laa Arene
and of e agcatur s coseano b systerng
hiat bave: evonveag i thcse

et

feayiones

Was tharefor: nnwase 1or me 1o attermpt
o give mtormed jadgments on how
these systenes nnght bee stiength enedd
My reading of the iteraiure:, however,
particularly the CGIAR Tmpact Study,
persuades toe o beheve that agueuitunil
research systemeaan these o regions
dre relatively mote adeanced than those
mnosuby Sabiaran Alte g They appear 1o
have growo rapdly oo the past two
decades aned are mcreasingly making
clfective Contnbuhions to agneuitunal
doevedopiment i these wo regions By
contrast, sub Saharan Afnca romames e
only major teqion of the world wheere
food production pet capita i dechiurig It
15 alsy the only teogon where poptiation
growth 15 outpacing the rate of
production  Indecd, hetween 1970 and
1984, tond production i Afrca grow at
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roughly halt the population growth rate
ot about 3.2% per year. For these
teasons, theretore, and the obvious fact
that I am an Afncan, | hone you will
dueept that | have felt compelled 1o
devote thic test of ths paper o
ecrinimg aqrienltural tesearch o Atnea
and how s might be stoengthened by
the anterabona reseatch contors and the
donore

Neverthelass, despitey what | nave statoed
above, Fam sute that there e certam
profieras tacmag Afocan researen
pragrarns that also oceun i Lotte Asia
and Latine Amenca By the sarme token,
e e o number of fesaons thint
AMucan reeoareh adminsiators and thea
scentists could dearn from thieee two
repons dand vce versa Although Afnica
i0oks To the centors for assistence in
HRprOvIng it tationad tesearch programs,
iears aiso prolit from studying e
sitidhions i countiies such as india and
Bravat not cniv for the purpose of gaining
INSINTIGT Hovw such counties have
veaded the path of agnoultural research
and development but also i order to
avord any pitfalls that these counties
iy hive encountered

In the ne <t secthon of this paper, sotne
ot the chillenges facing Africen
agneulture are ighlighted, mcluding the
rmannet o which past efforts have
attempied o address these problems

P core of the paper s the thard
section, mowhuch the main ssues that
need to be exanuned in the process of
sttengthening national agncultural
reseatch programs are discussed. |
conclude by making suggestions about
the approach that CGIAR centers and the
international commumty should adopt in
then quest 1o help Afnca overcome its
agrcuitural problems. In discussing these
issues | have drawn freely from the
background mformation and progress
reports of the SPAAR program

The Core Problems

Good harvests duning 1985 and 1986
have dramatically changed the short-term
food outlook of most Afncan countries.
But beneath this welcome turm of eyents
are four long-teiin problems



¢ The race between food production
and population;

® Lack of jobs in the rural areas;

* Pervasive poverty, malnutrition, and
food insecunty; and

e Agitcultural diversification and rurat
industialization

These problems are described in detail
by Eicher and his colleagues (1986) in a
number of aruzles written on sub-
Saharan Africa generally and the
Southern Alrican region in particular. The
current population growth rates in Africa
tange from 2.5 10 4.1% and imply &
populaton doubling time of 15 10 25
years. This rapid population growth rate
15 ncreasiag the pressure on food
supphies and the natural tesource base

I many states population and income
growth will generate food needs
reGuimng food output to grow at 4 1o 5y
per year. Unfortunately, however, the
histoncal record shows that only a few
countrnies have sustained 3 to A% annual
growth rates of food production for a
decade aor more. As a result, therefore,
there 15 a stark need for Afncan countnes
to develop strateqies that would enable
therm to expand 1ood producton
efficienthy

The other core problems mentioned
above all denve from this nmportant
problem of population growth being
tngher than food production. There s
also the point that about 70% of Alncarn
people ive n the rural areas because of
the mabidity of the mdustrial, urban, ana
service sectors to generate adequate
jobs. About 1 quarter of the people were
estimated by the Food and Agncultural
Organizanon (FAMO) 1o be hungry and
malnounshed in 1985 Hunger and
malnutntion i rutal arcas are caused
prmandy by one or more of the
following

e Lack of access to land for families to
produce adequate food;

¢ Low productivity of family labor on
subsistence farmns;

¢ Drought-induced mstability of food
production; and

¢ Poverly prevents families from
purchasing adequate food on a umely
basis.

With respect to diversification and rural
industnalization, it 1s noted that many
African countries have the potential of
meeting the grain needs of their people
for the foreseeable future. Diversification
away from cereals 1s, however, desirable
and an mevitable long term process
There s a neca for substant!
investment in agriceltural research in
order to lay the Toundation tor graduat
diversilication away from grain. This
research investment should be broadly
attocated 1o food crons supported by the
centers, those not supported by the
centers {e.g., fruts and vegetables), and
to cash crops, fishenes, et Increased
cmphasis on soil fertlity problems, soll
and water management including
sregaton, forestry, chimatoingy, and so
ferd s aiso needed

Ihere is a stark need for African
countnes (o develop strategies that
would enable them to expand food

production elticiently.

Strengthening African
Research System Capacity
National Research Stratogies

Africa needs some research capacity.
The smailer countrigs need the ability to
test and adapt varicties and cther
tchnologies from regional or
international programs, and the larger
cauntries need a full-fledged research
svstem The major problen at the
present time, however, s that most
Atrican research systerns, where they
exist, ate i dechne and produce fewer
uselul results than in the past. Indeed,
there are cases where the national
research systems often form a bottleneck
in the continuum between basic research
and the adaotation and application of
new technology at the farm level.

The question of the optimurm size of a
national resecarch system and the level of
funding that it requires 1s therefore a
difficult one o answer. Many African
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national research systems absorb a
hsgher proportion of agrcultural gross
domestic product {GDP) than their maorn
ethicient Asian countemparts Most are
considerably nger motenns of tiined
personnel and physical rtesources than
they were 20 yvears ago. Yet m thoe
meantine ther etfectiveness nas, with
few exceptions, dechned. A large part of
the problom denves from misdirectod
growth and growth mpaossible for the
national programs 1o sustinn Such
1ssues cannot be solved by merely
pusinng more tinancial 1esouces al
these systems Strategy, quahty of
research, management capacity, and
financial sustamability mast be
patamount

With the tremendous tesource contiimts
facmg many Alncan countnes,
puontization of research reqguirernents
within the framework of a natonat
agoeultural resemch stiategy s crucial,
Such a strategy must not be developed
mosolation but should it into an agroed
nationar agneultural development
sttiteqgy . It should be accepted that most
countnes cannot atford “optimuim®’
programs. Strong efforts therefore need
to be made to e de wiich research
interventions have to be conducted with
existing capabiities, which research
requirements can be “imported,”’ and
which requirements have to be put off 1o
alater date. This decision making
process s often painful, the more so
because donors are often able o offer
assistance for certion research
mterventions  The teimptation to aceept
such assistance 15 great but sustainabiiity
i both manpower and binancial termes
chould be the goiding principles

U tollows thertore that, m traning
agneultural research strategies, which
most Afncan countoes have not done,
the issues of sostamabibty and absorptive
capacity are of absolute importance
Absorptive capacity includes the issue of
administrative capacity. Where national
adrminisirative capacity 15 udged to be
wedak, national research structures and
programs shonld be kept small and
highly focused  Sustamability s closely
related to scale There are mstituhicnal
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nressutes, particularly from donors and
the centers, to make projects larger.
Fhese are particutarly strong where the
unbalanced growth of particular
components i the research system has
cteated disproportionahies One casy
way to correet Bus s 1o make everything
else grow to cateh oy, This sotution,
however, cames o veal danger of
creating an unsustamably large systom,

Financial Organization

and Management Aspects

Financal orgamization and management
aspects are often undernrated i their
‘mpact on agneultural research hecause
rescarch managers and planners are
primanly techimcal specialists. Yet
fimance is one of e most important
critena of the size and eftectiveness of
research programs Funds need 1o be
provided on i susimned basis to be used
mn the most cost-effective manner, 1o
achieve this, o carefu analysis has to be
rmade ot all sources ane applicavons of
funds

Alrican research systems therefore need
o steady growth of funding from national
sources for agnouttutal tesearch 4t the
present time, too many counties take
the easy wiy out by using doncer
assistance to augment shortials i
natonal research funds. Whiic tins s
acceptable m the short tenn, care must
be laken in order to ensure that such
“easy’ funds do not lead to the distortion
ol national prionties. Donor funding of
research components should always bhe
preceded by a careful assessment of
whether it fits into the agneultural
tasearch strategy, and how it affects the
whole national agncultural service.

One of the pitfails of donor funding o
date has been its usual short time
horizon. It 1s pleasing to noie, however,
that the mternational donor community
26 & whole has now recognized that it
will take 10 1o 20 years or even more for
some Afncan national research systerns
to be developzd i order 1o make them
elhoent and eftective

On the question of fand allocation to
research, the following issues have 1o be
addroessed:



¢ Balancing national and doncer funds;

¢ Balancing allocations to basic,
applied, and adaptive research;

* Balancing allocations to research and
research support services; and

o Balancing staif costs with research
xpunditures.

With respect to the last point, an
analysis of most Afncan resench
systems since mdependence reveals a
secmingly in-bult mechanism that, in the
course of tme, the percentage of
salanes i the 1otal budget increases
while that ot the nonsalary components
decreases Thas is not an easy problem
W overcome: because governments
would tind great ditficudty moreducing
staff and cach general sakary increase for
Jovernment employment has to be
absorb=d. An anaiyvais of this situation s
overdue, rowever, and most developing
countnies woust benabir from guidelmes
an optunum acten 70 saiaries compared
te other expenses.

General Impact of

International and Regional Research
Most Afrcan scientsts recognize the
important role plaved by the international
research centers in Atnicy. Then
involvement s beconing increasingly
mantfest. The centers, however, are not
always able to respond positively to
requests from some countries or to
participate m certaim research projects ol
companents fundaed by donors. There are
a number of reasons why this is the
Cease

e Centers do not see ther role as that
of providing counsultancy services or
being sources of technical assistance:;

e The mandates of the centers are
often not clearly understood or are
misintepreled, so that more 1s
expected of them than they can
deliver; and

e Almost ali the centers suffer financial
and manpower constraints that hinder
them from fulfilling theit mandates
fully. The International Livestock
Centre for Africa (ILCAY and
International Institute of Tropical
Agriculture (ITA), for example, have

ambitious continent-wide mandates
but without extra resoutces they are
unable to cater fully to the
agroecotoqical diversity of the Afnican
continent within the limits of the
budget available to them.

An important issue 1o consider therefore
ts whether the centers can increase ther
eltectiveness and coverage of Africa’s
agroecological zones and improve their
ability to support national 1esearch
systems through the establishment of
regtonal subcenters. This 1s a topical
subject within the CGIAR at present. The
nternational Crops Research Institute for
the Semi-And Tropics has taken the 'ead
m this regard by setting up regional
programs i the Sahei and in Southern
Africa. CIMMYT has decentiahized its
regionai activities un on-farm research in
Eastern and Southern Africa and has
embarked on joint maize research for the
middle-altitude areas in Southern Africa.
The Internatioral Livestock Centre for
Afnca has proposais for setting up
regioral centers in francophone West
Atrica and in Southern Africa. Thece
reqronal centers are likely to give a better
vievs of problems retated to the different
agroecologicat sones of Afnica and
provide focal points around which
networks can be estabhshed. These
efforts deserve encouragement. The
establishiment of the regicnal subcenters
shoutd, however, he preceded by careful
planning, a clear perception of priorities
Iinked to the availability of funds and an
examination of the comparative
advantages of the international centers in
relation 1o the national systems.

s generally agreed that CGIAR-type
centers funcuon best within clear and
narrow mandates. The question must be
asked whether more centers are needed
to support national research efforts
throughout Africa to exploit alf
opportunities for increasing food
production and farm incomes. Two clear
gaps appear 1o exist. The first is in the
field of such cash/export crops as tea,
coffee, or cot n. The second is in some
“factor’’ areas like soil fertility or fand
and water management
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Two approaches are suggested to fill
these gaps. Fiist, the creation of new
narrow-mandated centers along CGIAR
fines with rescarch facilities should not
he treated wath disdam. Sccond, the
creation of specialist networks with a
small, bhah-quality staft, documemation
facihties, pubhcation programs, and ''do-
bottleneckmg funds’ for seminars and
local research viforts ments
constderatng The SPAAR Program
showid give et poomn e e lilying
such gaps and ewisting regional
INstituucts o networks that could be
bult ue to B te gaps

[ connection with thi jatter npomt,
regional organizations such as me
Southern Atrican Centre for Cooperation
mn Agneulttnarl Researen (SACCAR) need
to be encouraged  This organization was
started 3t the matiative of the mne states
of the Sonthern Afncs Dovelopment
Coordinaten Conference (SADCC) and
has its headguarters in Botswana. Its
director 1= a semor scientstieducatorn
from the region and all the directors of
agncultural rescarch i the nime
countries, includimg two disans of
untversity agneultural facalties and two
dinectors of ACBIUT extension
services, are mermnbers of ite hoard of
trustees. The major funcuon of SACCAR,
which has a stell seeretanat, s o
further cooperation amaong Agnculturat
researchers i the SADCC through
SEIHNATS, WOTRSHODS, meehings,
exchange of publications, small research
grants, and travel grants for researchers
to visit other scientists in the reqion

Conclusion

In the preceding parts of this paper, |
have atterapted to fagnlight what |
consider 1 be the mam ssues
concerned vwitn strengthening agnouttural
research proarams in Africa. There are,
however, a ot of other 1ssues that | have
not iouciad upon Meveitheless | believe
that the most important issue s the
development of a national agnicultural
resegarch strateqgy that 1s hnked to a
national agncultural development plan I
such a strategy s formulated 1in a
reahistic fashion taking mto acrount the
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totality of the problems that face the
aancultural sector as a whole, then all
other smaller aspects that affect the
development of an efficient agrcultural
research system would nicessanty fail
nto place. In partcaiar 5 am referning to
the: need W develop an appropriate
pohey framework that would allow a
given research systen to have the
follcwing:

* Sound human capital development
and personnet management, including
manpower traming and incentives for
retainmg this manpower: and

* Stong linkages vath extension
services, traming isttutons, and
other bodies concerned with the
development of the agncultural and
A sectors

In this connecton, it s pliasing to note
that international researeh centers and
the donor community are paying innre
attention to these complemeritary
activities of extension, information
dissemination, and strengthening locat
agncultural faculties at the umversities
and links betaeen these faculties and
agneultural research systems There s
no pointin tulding & research capacity
that is nonfunctiond because it lacks
such links.
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Issues for Institution Building

Let me begin by asking: what ar the
key questions we need to look 4t in our
msttution-building effort? What does 1t
take 1o make a successful research
system? What are the needs of NARS?

As Shahid Husain put it on Monday, it
takes four basic ingredients:

* A concept
strateqy,

a clearly defined goal and

* Money the resources to address that

goal;

* People the scientfic capacity to
conduct the programs,; and

* Managerment  the insttutional
capacity to organize the system, to
develop a coherent program, and to
effectively utiize available resources in
pursuit of that goal

Ail four are important. They are
intereelited and any one can constitute a
senous constrannt. Ther relative
mportance tends to change over time.

In the younger research systems,
particularly i Africa, all four tend 10 be
N short supply. What complicates things
even further is that the growth and
evolution of NARS 1s generaliy
unbalanced. For example, through
massive training efforts by the IARCs and
other organizations the scientific
manpower pase 1s developing rather well
in some countries. In Afnica, evien the
share of Ph D s in total staff has in some
cases reached levels comparable to
those in Asia and Latin Amenca.
Admittedly, the scientsts are youngen
and less experienced.

The main diificulty, nowever, arises from
the lack of necessary operatng funds.
They are not growing proportionately.
Although the flow of donor funds is
Impressive in somae cases, it tends to be
directed at capital investments. And, as
Philip points out, in the absence of
operating funds, even good scientists
cannot do productive work. This,
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combined with a generally low level of
management capacity, accounts—among
other things--for the relatively low
productivity of many Alfrican research
systems

A number of the more mature systems,
m Latin Amenca for example, are
presently facing similar problems with
similar effects. They have built up over
tme a sohd scientific basis, a sound
nstitutionat structure, budgetary support
from national sources, as well as
management capacity. The problems
they are now facing are financial:
mnstability of suppor! from national
sources and serious fluctuations in
funding.

I need not elaborate on the effects of
this situation. They are:

* A senous distartion in the systems’
resource mix, with the share of
operating funds declining in some
cases to levels as low as 5% of total
resources;

* The resulting decrease i the systems’
overall productivity; and finally

* A serious danger for the systems'’
scientific manpower base. With the
best people leaving for more
productive job opportunities
clsewhere, the system faces
degradation or even disintegration.

An Action Agenda

This introduction brings me 1o the action
agenda for the strengthening of NARS
that | suggested for discussion by this
audience. Philip has given us the
clements. The questions | would like to
ask are these:

* Do we agree with the 1ssues he
raises?

* What about the relative importance of
the resulting tasks?

* What could and should we in the
CGIAR system contribute beyond our
present activities in support of NARS?



* Should we rethink and reorganize our
approach to working with NARS in
order to better meet their needs?

My questions obviously go beyond
CIMMYT to address the CGIAR system
as a whole. CIMMYT is one important
actor in this area. And, as Don
Winkelmann has told us, CIMMYT
stresses partnership with NARS in all its
programs.

Before summaiizing for you the main
glements of this agenda, let me remind
you of four important trends that we
need to keep in mind in this discussion.
They were flagged m Philip’s paper and
also catee up during the discussions in
this seminar;

* Changing patterns in demand for
technology. The NARS need to
reorient their programs to address the
problems of tomorrow. They will be
different. Ed Schuh and others have
told us why

* The increasing diversity of NARS
needs and polentials, hoth among
regions and withim reqions. We shall
have to face up to that. The rich get
richer and the poor gel poorer.

* Commanalitics of certain 1ssues and
orehlems. Particulariy in the arcas of
research policy, organization, and
management, problems tend to be
similar among many countries.

¢ Flows of resources to NARS. We
need to be aware of substantial
resources flowing to NARS. Phitip
nghtly highlighted the issues of
absorplive capacity and long-term
sustamability of NARS from national
resources once the flow of aid is
over.

Turning to the agenda now, let us first

look at the action requirements of NARS.

They are the key participants in the
evolving global partnership. Their eeds,
potentials, and problems largely
determine the Centers’ response.

Having histened to Philip’s presentation, |
have noted seven key items:

¢ Building national commitment to
agricultural research:

* Developing national research
strategies;

¢ Deterrining the size and orientation
of NARS;

¢ Building up the scientific manpower
base;

o Setting research prionties;

¢ Increasing the productivity of research
systems; and

* Building linkages and enhancing
scientific collahoration.

I will provide a brief comment on each.

Building national commitment to

agricultural research is, in my view, the

key (o long-term succeess.

Building national commitment to
agricultural research is, in my view, the
key to long-lerm success. In many
countries this commitment is weak. The
1ole of agricultural research and its
potenti: ! contribution to development
and prog ~ss are not recognized,
resulting in low political support in terms
of funding, excessive teliance on external
funding, and the use of easy money with
all its consequences. This means buying
tume and postponing the hard decisions
that many of the Asian countries took
long ago in their times of crisis. The
IARCs can help in addressing these
problems. CIMMYT has played a
ploneering role in this area with its
research policy seminar program.

The development of national research
strategies is closely related to building
national commitment to agricultural
research. As Philip explained to us, such
strategies are a key factor for sucecess,
They provide a rational frarnework to
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guide the build-up of research capacities;
they determine the main thrust of
programs; they guide the use of scarce
resources, and thay provade a framework
for channehng caternal 1esources to
areas of high natanal pnionty - They help
to avoid the dangers of distorons theat
Philip so cloguenty explamed (the casy
money 1ssut)

In deterimnima the size and onentation of
NARS, long tern vaabiinty of roesearen
systems s anmportant concern Poilip
maade it clear that the build-up of
research capacities must be guded by oa
realistic assessment of what s feasibie
and what can be sustined bom nationdal
resowces Al oo often we see over
ambiious plans tor station development
and staft raning that cannot b
mamtanied e the Jong ran Sumdarly,
realism s tee ded when deodhing what 2
system or o oprogram can doo \We st
recognize the hits. Many of the smalier
systems will have to concentrate on
adaptive research and on the unport of
technology. Co'lectively, wi can help n
this respec: an provide the advice
needed by NARS

I necd net stross the crucial unportance
of bulding and contrvously upgrading
the screntific manpower basis of NARS.
Whiie the Centers can make and have:
made tnportant contnbutions to the
thiee: items mentioned above, this is the
arca where themaimpact s strongest.
And, looking shead, we have heard a lot
at this sermimar about CIMMY T's plans to
deal with the evolving needs of its
partners

The need for cleany defined rosearch
prionties to gunde the allocaton of scarce
resources s ohvious, yet this 15 a
weakness in o most NARS . This makes
them vulnerable to external influences
and distortions i thear programs. Also,
most NARS are: not wall cquipped for the
imuch-needed mteracton with the policy
sector. They need 1o buiid up their own
capaciies in ceonoric and policy
analysis  This s the basis for i two-way
flow of informaton: inforimmeg the policy
sector of alternative technology options
and translating national developrent
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pronties inte relevant research programs.
Ttus will lead 1o better choices. Agan,
this s an armea inowhich CIMMYT has
made umportant contoibutions and
presumiitsy will continue to do so 1 end
o agree with the plea made by Ed
Schuh for mere attention 1o this ssue in
the broader sensse

Increasing the nrodoctaty of rosearch
systems s another important area. The
key o research productivity 1s good
science. For good sclence 1o yvield
results, we need the proper sething. We
need orqinication and management
Most of bs aaree, 1 iang fothenwise |
would not be hese, tentesenting 1ISNAR),
that much canoand should be done to
strengthen the otganzatonal and
management capacities of NARS. In
practhical terms this means,

* Adustng the organizational stiuctures
of NARS to it the countnes’
circumstances,

* Better plannma and programming to
merease the quablity and relevance of
research progeanmes and

o More effective i ation and
management o e CGIAR system’s
rescueces statt bands, and stations.

This s another areda (o which most

centers contnbute, CIMMYT prominently

in station management We at 1ISNAR
concenttate our progean on these

tH5Ues

Bunldhrig inkaqges and enhancng scientfic
collaboration have clear benefits. We
practice collaboration, yet there 15 scope
for enproverment, particalarly regarding
collaboration on 4 horizontal basis amony
NARS. Philp mentioned two means of
achieving this: collaborative research
networks and subreqonal ventures such
as the South Atnean Centre for
Cooperation in Agncuitural Research
(SACCAR) | tend to think that hath
mechanisms can contnbute sobsiantially
to budding up natienal copicities. They
pravide a means whereby the stronge
NARYS can eflectively aswst the weaker
ones, while at the same tirme garing in



the process. Through its involvement in
CONOSUR (new PROCISUR, the
Cooperative Agricultural Research
Program of the Southern Cone) and
other networks, CIMMYT has
considerable experience in this area
Undoubtedly we in the CGIAR will wish
to contribute further to promoting such
ventures.

Let us now focus on the centers and
their relatonships with NARS . The
centers are making important
contrtbutions i all seven areas |
mentioned. In more general lerms, their
contnbutions dre germplasm, research
procedures, collaborative tescarch,
technical assistance, traming, policy
analysis, and instituton hdding (in the
narrow sense). Taken togather, these
contributions are widely acknowloedoerd
as useful for sttengthening national
capactties. Centers approach then
collaboration vah NARS on o partnership
basis

Future Needs and Demands
Looking ahead at future needs and
demands, | personally think that NARS
are geanng up o the challenges facing
them. Let me give: you two examples

The first is the evolution of the Centers’
training proarams. By decentralizing
traming in the downggtrearn areas of the
research process, Centers respond to the
massive needs of weaker NARS. At the
same time they continue to cater for the
needs of the more advanced systems
that require trainmg m the upstream
areas, close to the cutling edge of
science.

The second example is the move
lowards a more intcarated system. The
Centers, formerly a loose federation of
individual institutions, are moving closer
together, are joining their forces, and are
aiming at & common response 10 NARS'
needs. This s bost illustiated by a recent
center inlialive 1o establish a working
group to study ways and means for
more effectively responding to the
pressing needs of NARS in sub-Saharan
Alrica. Thus s clearly in Ime with one of
the suggestions in Philip's paper.

| would like to make a final comment
regarding NARS expectations from
donors regarding their contribution to
institution building. Philip flagged a
number of issues related 10 this subject.
My understanding is that there js
progress:

The Centers are moving closer together,
are joining their lorces. and are aiming
at a common response to NARS' needs.

* The need for iong-term support to
mstitution building 1s being recognized
anag donors are gradually sdopting a
longer term perspective,

* The issue of donor influence on
national priorittes, will gradually be
solved as countries move 1o long-lerm
planning and establish a coherent
research strategy;

¢ The pressing nced 1or operating funds
1s not yel solved, hut increasingly
recognized by donors: there is some
progress; and finally

¢ The question of donor cooidination 1s
recening much Wentiop teser Agys,
Relevant examples are the Special
Program for African Agrizultural
Research (SPAARY imtative as well as
donor consortia at the national level

In closing, let me pay tnibute to CIMMYT
for its progressive approach to
stiengthening national programs.
CIMMYT has all along stressed the
concepts of partnership and
complementanty based on comparative
advantag:. It has been close to national
prograins and farmers, as demonstiated
by its on-farm research program. | know
we still have a long way 1o go. But | am
confident that CIMMYT will continue 1o
be among the leaders in our joint efort
of assisting NARS in building their
national capacities. We, at ISNAR, are
proud to be associated with that
process.
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CIMMYT Research: Extending the Gains

D.L. Winkelmann

International Maize and Wheat Improvement Center,

El Batan, Mexico

Many deas have been discussed during
the: past o days Before talking about
e impiications for CIMMY T [ want o
review bietly some cndunng asieects of
our Lastory and o comment on some ol
the changes tiat bave occureed dunng

the past 20 vears The tveo combunie 1o
make today’s CHAIY T 5ot the sarmee

and vot dhfforent fronn ve CHAAY L ot

1966

OV Wi S e

Pt taen o o Lo b about
Htun

incorporatineg vatey of e e
Paddd that i 1987 andd i

re
A
woreshop
conuncticn et anc b ternal Progran
Bevienr oo wall fonmutate o frve yoo
olan [t otton oan thie

iScrmecns of the workshiopn will hove

e greatest infloenee

The ethos cf today's CIMMYT remains
very much what it was at our inception.

A Louk to the Past

Hallmarks .
As CINIMY T cinerged from ajomt
Rockefeller FoundatonMosican research
eftort, our statt i 1966 was made up of
pracoced vetecms That staff has grown
larger and s commposition and
deployrnent ninee changed . Puen so,
cortann things tave staved very muach as
ey wiere o the vogineat dave These are
the: halhmark o be, coach e Coentor s
Fnown

Fust, and mo U rnportant, the othos of
todiry s CHARYCT remonns vary much
whiat abwers at crinception s essential
elerments ae an crphiiss on held work,
on e anpottance of doect researche
involvernent, on g pragmatism based on
the: needs of tarmers, and on the
benchits and obligatons of an apen
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associauon with a worldwide network of
practitoners sharing the same principles.
As at its beginning, CIMMYT's
operations st rest on these ideas.

Sceond, throughout our history we have
played our roie in concert with national
programs Those progiams aie the
Center's clients. We see ourselves as
agents for complementing ther work,
thereby facitating their efforts 1o serve
their own chients, the farmers. We do
that by providing national programs with
germplasm, training, 1esearch
procedures, counsed, and information.

Third, the Center s recognized and
treated as being above politics. Over the
years it has always responded to the
needs of national prograrms without the
Imitations that might have been inposed
by s individual donors National
progirams have long recognized that
stance and have no reservations about
shanng through CIMMYT or about
CIMMYT's willingness to share with
them. This evenhandedrass is a
continuing CIMMYT halimark and the
resulting trust 1s one of CIMMYT's most
valued assels.

Fourth, like others in the Consuitative
Group on International Agricultural
Research (CGIAR) system, we see the
clear advantages in the long horizons
and sharp focus of our 1esearch. The
two combine to bimg patence and care
in the pursuit of well-defined rescarch
themes. That blend contributes notably
to CIMMYT's succass, as it did to the
successes of our predecessors.

Finally, our evolution continues to be
conditoned by a commitment to
multidisciplinary research. We see great
advantage in the combining of
disciplines, practice it ourselves, and
advacate it for national programs.
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These, then, are the characteristics that
make today’'s CIMMYT like the CIMMYT
of 1966.

Impacts

You will ail know of CIMMY T's
substantial contnbutions through
getmplasm - soma 70 mullion hectares
are cutrently cultivated with vaneties
related to CIMMY T and its predecossor’s
efforts. 1ou may not be as aware of our
outher contnbutions 1o developing country
agneulture Some 4000 natonal program
researchers work more eldectively thanes
1o the unpressions and skills acauned
through tramming sponsored by CIMMYT
And they e able to draw on an
expandig atray of tosearch techinues
and procedures fashioned through
CIMMY T's accumulatng expenences m
research and traung - The tramimeg and
the procedutes notabiy cohance nationl
program etforts

Whide: hectares of fand, tramed
researchers, new maethods, and
productve partnerships reflect much of
the impact of decades of effort, there s
mote Also important, atbeit even more
ditheult to mueasure, 15 an mtluence: on
somt and on attitude . An awareness of
the potential impact of agneulturs
research now shapes the attitudes of
those concerned with econormic
development and its pohcy  Having seen
the: potential through such research,
these decision makers are ever morne
open to arguments for investment in
agnculture inits supporting
infrastructure, m ratonabzing s puitcy,
and in fortifyimg ite research And thes
posiive stance enhances the possibibity
ol change: within the sector

New Views

Over ime aur percepthion of the nracess
ol agneultural research and e sector's
developinent has evolved. [noan carhes
day, conventional wisdorm saw
agnculture as a source of resouwrces
which could be diawn away to more
productive pursuits elsewhere. Today's
view 1S that agnculture nself can cause
widening ciccles of growth within the
rural and the wban canununimies of

developing countries. With higher
productivity from new technologies,
incomes incredase 1o those who hold the
land, labor, and capital of agriculture.
Higher incomues tavor added spending,
which induces sull more spending by its
reciplents, Agnoulture inmiates these
rounds of growth. This perception, with
s emphasis on resource productivity,
nas imphications tor the allocation of
research resources, imphcations stll
bemqg explored by today's rescarch
managers. Our Economics Program wall
turther our unacistanding of these
relationships

Over the years changes have veourred
the nature of CIMMY T s partnerships
with national programs, Cnnging ever
more: prominence o their role. In
germplasm development more
segregating matenals are distnbutaed than
nan earlier day, and more resources are
commutted o jont ventures focused on
parbcular problems; examples include
cooperative research with Braal to
develop alumimum tolerant wheats and
with Thar researchers for downy middew -
resistant mazies o husbandry the
balance has swang awvway from the diect
pursuil of technologies tor specthe areas
towards expanded toamng for national
program practitoners so they might more
etfectively forge new techimolgies for
farmers

CIMMY T 15 giving i attention 1o s
own prionties Some of this has led to
more preciss understanding of the
redative lemands for the vatious classes
of maize and wheat. Thas point was
rarsed by DeoArnold and by Dr Borlaug
o thert paners and s amphert i one of
the challenges signaled by Chanman
Husamnm Both crop programs are veell
dlong o delmeating major environments,
so called “mega-environments,” and in
cstinating the reiative si2e of cach This
cHort sl geee CINIMY T o clearon sense
of thie needs of ity chents, hence ot its
W pHornties

And ever more energy goes 10

strengthenmg the capacities of national
programs through tranung i research
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program of the International Center for
Agrculturai Reseanchan the Div Areas
HCARDAY. What 15 appeahing about this
network s wade tange of scentbic
competencies e ey dnowhach oesaits
are ransttted, the particiation of
researciners from devealopng and
developed countnes each contibuting
decordingg to particinat advantiege and
its close connicchons 1o active birceding
[BEATSTTAITS
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A third Tormat would see sarme of
detivities cuttently o the hands of
CIMBIY T transtened to well-established
national programs BMacho of this has
Alteady bhappenad, of course, the
adaptive and applied agronomy of
technology generation s now largely in
the hands ol nanenal programs and
growing propostion of CIMMY T
nursenes, especially o wheat, are made
up of vaneties developed by national
pragrams. St there s the possitiiity
that other activities could be shifted to
nattonal progrons . Some, tor examiple,
pomt to tamimg and make the case that
tranting for the professionals of a given

region could be offered by that region’s
more advanced national programs.
CIMMY T 1ole here might be in
providig tranming matenals and in
supporting the teaching statt Other
caatnples will ocour to many ot you.
CIMMY T wall be lookmg further o this
format, cxplotmg with national programs
and the CGIAR the teasibiity and the
desirabihty of such devolutions

CIMMY T indeed the international
agrcatturat researcn centers (1ARCS),
pligy aocnticdal, and T would guess an
Uhdderestormied, role an many networks.
Fnat rone rests on the perceptions that
thee Conters are not only efticiept but are
huly evenhanded in e distiibution of
matenals ancd deas That conviction s
cosential o eifective networks. 1t s also
cesential o ensunng the CGIAR system's
Continumg productvaty

New Science
VWieeare all awere of the starthng
developtments moscience as molecular
tictogists, icchenusts, and others have
stought thern discovertes to bear on
ssues an plantimprovement. CIMMYT
has moved e deliberate ways to take
dadvantage of these developments and
has estibhished consulting and
professional relationstups witiv icaders in
these and elated helds

We have done so because, ke others,
we are inpressed with the advantages
Htentn the new technigques and feel s
only pradent 1o take steps to assure
aceenss o unfolding developments. One
such step s o add o molecular biologist
o our stalt and, over time, to bong into
phy the physical and arganizational
mfrstructine necessary 10 support the
Activilies we envision

Our thinking about the extent to which
CIMMYT should mvest m new science 15
shuped by three considerations. Fust, we
see ourselves applying the techmiquaes
aothers develop, we are mote tool users
than tool makers; second, we must
ensure that CIMMYT as able to employ
new hndings in the practice of plant
breeding as these become apphcable:;
third, we recognize that, beyond
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CIMMYT's own requirements, national
programs look 1o us to assure their
access to the new techniques for
application to their work.

We recognize that, beyvond CIMMY 17s
OVVIY roecpiier e ils, ndational pPrograns
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VoSSt Their aceess (o novy
neal techngues.

Our current callaborative work using the
new Lools of plant breeding focuses on
tssue culture, concentrating on finding
new ways to maintan and multiply the
hybrids emerging from our wide cross
programs; on calius work to induce
chromosonal breakages; and
electrophorests 10 identify the extent of
gene transfer occurnng through
intergenenc and mterspecific crosses
The work currently underway 1s aimed at
bringing trants out of wild relatives into
maize and wheat Our special concerns
are selected disease and suess
conditions. These efforts conforim well
with the optirisim of Professor Frey.

As we see it, one other major new
technology appears to be applicable to
CIMMYT's work, the use of aene probes.
- o * -
These could by vsed o screen large
amounts of material in the laboratory,
reducing the need for large field
expenments; for diagnosis, such as in
ascertaining the presence of a virus, and
to assess the success of efforts to
transfer alien genetic matenal. And
perthaps, just perhaps, we could become
the repositary for cuch probes o1 clones
as they are developed, both by ourselves
and by others around the world,

While: much has been promised by those
who pursue the applications of new
science to plant broeding, there are
grounds for caution. For exarmple,
although gencs can now be tiansterred
and spliced, those in maize and wheat
have not yet heen mapped for function.
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Moreo er, regeneration is siill more an
art form than a science. Until these
chalflenges are miet, the techniques
related to splicing have limited
apphcations for CIMMYT.

There 15 much 10 suggest that we make
haste slowly. Even so, | am impressed
by tie commutment that major private
plant breeding companies are making in
this field, with some reporting as much
as 10 to 15% of their research resources
devated to biotechnology. And, too, we
are mundful of Thomas Huxley's
observation that “'a customnary fate oi
new tuth s to begin as heresy and end
as superstition.”’

As the chorus claims, 1its a fast-breaking
frietc. We must organize so as 1o ensure
that we know which developments are
relevant to our needs and can move
quickly 1o mcarparate them. This will
require not only expertse in the field of
biotechnology and a recognition of the
practicaliies of conventional plant
breeding but, as well, sufficient
sympathy and famuharity that an
augrmented supply of science finds a
responsive dernand. The steps that we
are taking are designed 10 serve those
ends. Like Dr Evans we sce a continuing
central role for conventional breeding
and, to the extent desirable, we want o
augmentts efficiency through relevant
new tools

Germplasm

As in the past, germplasm will remain
CIMMYT's major product. Our work in
germplasm development has tended to
favor the better envitonments of
developing countries. This is most true
for wheat, where much of the attention
ol the past has been on well-watered
areas. That emphasis, by the way, was
quite appropriate given that some two-
thirds of the developing world’s spring
wheat 15 grown in such environmente
Most tropical maize, on the other hand,
15 grown m the presence of significant
environmental threats, with the well-
watered areas suffering the menace of
disease and insects while the drier areas



encounter the dramatic effects of
drought. Overall progress in bread
wheats, durum wheats, maize, and
triticales has ranged from remarkable to
extraordimary  And what about the
future?

in deciding the emphasis of the future
we st recognize the nnportance of the
favored envitonments while, consistent
with the 18986 Technical Advisory
Commuttee (TAC) Prionties Paper, we
cater more o the needs of the more
ditficult environments  In decidmg on the
retative rnpattance of cach we must
mntegrate the diffenng etfeets on
ceconome development of new
technotogies, enhanced productivity, and
increased income flows, along with the
probability of achieving results

As we view research on wheat for well
watered arcas, emphasis will be paced
on mamtianung the gans achieved More
generally, and other things baing equal,
greater attention will be given to
materals for more ditheult environments
In this udgement we are more like Or
Frey than D Evans Dvenaf the probabie
gamns were fess i the poorer
environments, o concern for the poorest,
coupled with the perception that they
tend 10 occupy the most dithicult
ervironments, would stll be cause to
focus on these areas. | add that we
cannot yet say much about the final
atfects, after added rounds of spending,
of given productivity changes in the two
cnvironiwents. Evidence on the relatve
stee of such parameters must rate a high
prionty for econonusts

Major efforts are now underway on
matenals that can accommodate drought
stress Woaork an the maize program v.as
imhated several years aqo, then put
aside, and s now agan receving a
major emphasis. Interestungly, this
research tends to show that maze
selected under both drought stress and
wellwatered conditions tends to perform
much better under drought stress andd
somewhat better in well-watered
crcumstances than does maize selected
only under well-watered conditions
Wark on spring bread wheat, on durum

wheat, and on tnticale is also well along
and we expect good results given the
resources bemng comimitted.

it should be noted that there is not
complete agreement on the most
expediious way 1o approach the drought
stress issue for small grains, To the
extent that disagreement can serve as a
source for hypotheses, we expect our
etorts to sharpen understanding of the
preferred way o undzrtake such work as
well as o develop improved genetic
matenials. Soil problems i several
important marze and small graan
environments severeiy imit productivity
Waork undertaken in close collaboration
with Brazilian wheat spociahsts s well
along for hread wheats that can tolerate
otherwise toxic levels of alurminum
Sumlar work, focusing on maize and
mvolving several Latin Amencan
programs, 1s being faunched

Work 1s underway on wheat for more
tropieal environments and good progress,
mdeed surpnsing progress, has been
made One aspect of that work involves
tesistance to diseases that, whiie
cormmaon to fill(jh U"l\.’ll()ﬂlllf,’”[‘j, are less
commonly encotntered in tradittonal
wheat producing areas. Also, and with
probabile benehical impacts for selected
areas already producing wheats, work s
underway that will result in more late
heat olerance for wheats

for both maize and wheat there s an
eapanded effort on eartimess. This
charactenstic offers two advantages. The
firsts to permit escape fron diseases or
heat or drought The scecond, and one
buecommg ever more widely recognized,
15 that earthness enables more mtensive
cropping, unphyang mose optons for
farmers

In reaching tor these goals  cathness,
tolerance for heat and drought,
accommodation to problem soils, and
new classes ol disease resistance- -
CIMMY T breeders frequently work
directly with concerned national
programs. Those retationships will be
endarged and fortfied as this class of
work expands.
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In assessing these fines of work, we are
convinced that, via the farm level, we
can come 1o know more about issues of
IMPOTEINGCE M pronty scting and policy
making and are investing, especialiy
through the: Feononies Progeim, n
acquinng e needed undec. Gincding
Combirung these esights with those tiom
G mote giobal persnective should bedp o
and our nationgt progeam cofleagues o
Bave g cledrer sense of poontnes

Also with respect to genmplism, we
have greatiy augmented owr capacies to
Seve as cutators of seloctod pattions ol
the world"s germpasr of maize, durim
and sprng bread coneats, and toneales
Adam, an i e sy Giaes, Saitiliong our
FespOnSbtics i o dtea wili e Gy e
mocotlaboration catn
DEOOEgmes,

WV o]
sosfencradbyanc Dot S fon
maize At

of the desied tontenals

getripliantn £ P ticn
dorage aned
W e li"‘."‘i(‘ilHH] EATRINT IO ONY CRTE S TN
After penods o eaety e
Itthe: contyom
that machur.

Ik, ne
s s o neport
Cos saon bemy g to
Satisty et debied portion ot he
wond cornrnaraty o e
Professional Training

CIMBIY T o it predeces o b
investiod neavity o apporting the offori,
of NMatona! Aqneuitiral Besearch
Systems (NARSY woithy a pormany part of
s effort o pended i augrmennneg
haman capetal throogh vanous snds of
teammag and consaiting As O mieasurne of
this, g recent Sutves of wheat pro qram
statf sugaeests that oo mech as 50, of
thenr total eHort can be asenbed (o these
actviies  The marvelous newy facilin s we
just manquated cotaelt g testinony 1o
our commitinent We will continue that
ernphases i the future but wall redirect
sotne e the cnergies
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Before rteviewing potential new
allocations in tramung, there are
components whose contmuance should
bereaffirmed Doeter here eapeoalty 1o
The i senvice tomung programes i piant
Fhicte oo bt aceantige m
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that, and largely unrecognized, training
stalf, with their own penodic involvement
i research and continuing close

their potential role, we are moving to
develop more suech materials In this
case we owseives are learnmag by domg
as we discover the apphcatons ol connechon to the research of others, are
supporiing materels to remforee the A velncle througn which CIMMYT's
lessons of the crossing block, e experence s synthosized, impressions
brecders” plots, and the frang of formed, and proccdues are formulated
pronties for producion tals and mproved . These procedures, in turn,
are basic o the development of trainimg
programs 1tisin training, then, that
CIMMY T-wide capeticnce can be
qathered, integrated, and then framed in
coneiete ternms.,

We nione o b G programe for visiting
seentste o sbich wes weloomne
coleaguis from NARS Lo wor alongside
oue stalf, St times e pursit of parhieuna
tesvatch thermes and at treos moge o
Pamivicse thernoives cath specife

methods oo reatenal, s too il
contimne bevond thes, we ans adding the PR Loty sicll aree a vehicle
Opportanily tor o tiopants to retorinsh '

fesearcte ksl D pear s thiat

P ticiprants el coment boore for fonr to
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ol proceduios forimuloated and

pProvsdde the opnortunity o analy 2o data,
fonntoe reldated researcn thirough the
Eheary, e o wnite roseach reponts

P il et o need foroetutly
crptessed by e of oar colleagues
ot it e ot ayaniable 16 peets
Becauae researchers do nol hoave the
B Loty e andd o wnite and thet
st renearch seile atroptyy boecaue of
Poal o constramt Interest i s
progran eonvdespread md we have hoad
cettaotdinary hioned Support o
donors an toomy the covate sector O
new faciity ool e o craend tole e s
BRGEENTRIST

;U\yﬂﬁ\, P R IR

IS IRATRIETS IS TR RTRANY:
speciabeed courees tocused o g simigle
Ot on closely related thormes, dike thes
effered me sathology and tunded Ly the
Dt ns These o woutd be designed and
dewdoped i Beaeo, based on thoe
cepuhieno of networks colleaagues and
otic owvny statl s and made portabie so o
they, too, coultt be oftered on o regronad
or national baas

O wort e tooning bas dotee miveh for
human capirtat tormation o aqoeuitoa
rosearche Whgt s oo iittle appaeciited oy
what it can do for CIMMY T itsedt ot
wir have the oppottamty to dears from
the accumulated field capenencos of
particmpants mothose programes Bovond

proroved.

Work for Africa

Already sharply mereased thiough special
projects with the United States Aoency
for interdational Development (USAID)
and the Canadiin Intermational
Development Agency (CIDA), activities
related to sub-Saharan Africa will receive
Aanncreasing proportion ol our energies
over the next decade Our commitments
there wal surely be larger than implied by
the areas of manze and wheat  sorme
Fa and 6% of developing country
manee and wheat o even by the
proportions of populations dependent on
Jetwo craps They aall be simall,
however when measined i terms ol the
acid o support and an tesme of
potantial mnpact

Fhos waorks will be o representative of the
it range of products that CIMMYT
delvins to national programs A
considerable part of the effort wall be in
aetmplasm development Given the
urgenicy of the food and imeome
problem, we have moved our work on
intermediate alitude maze to Africa, are
now plinmng to stengthen our lorces
workimg on gettmplasm for the hamid and
subhumud topies, and are contemplating
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a snift to bolster efforts related to
mmze's capacity to accommodate
drought. In domng tins we expect
substantial cooperation with the
Internatonal Institute of Tropical
Agucubture (IITA), with France's institute
for Tropical Agncultural Research (IRATY,
with the newly formed Special Program
for Afncan Agncuiturar Research
(SPAAR), and with other teams being
deputed to the region by donors 1o the
CGIAR

We have faith that Afncan farmers aall
move 10 ke up dnproprate new
technologies Recont evidence from
Ghana, whore CIMMY T staft have
worked with the nationai program
through a tilateral proeet Sinded by
CIDA, supports that faith in a survey of
maizc farrners, hagh tates of adoption of
inmproved vanetes muoduced trom the
nternational maize network, of niogen
fertiizer, and of new seeding patterns
were strongiv evident i selectod areas
There will be more evaluation of the
Ghana expenence oo near future and
of other stch aetatios in timme

Tramma eftorton Atnea wall atso be
forufied. 1ts our ope that o significant
portuon of the taimimeg required, most
notably that related to pruduction
agronomy, wili be undertaken within
African procsres As Di. Thomas
Odhiambo has sad " The vital question
18 the developrment of locale-speaific
technologies that permit continuous crop
production over many years.” Training in
production agronory will be cnitical 1o
this effort. Kenyinis already mowing
towards developimg g national trinning
capacity and we eapect that other
national progrars will adopt seantlar
strategies i the near future. CIMMYT
can support such ventures through the
prepatation of related traning materials
and through working with nationat
program traiming stoft EHorts are
underway and we cpect to see more
resources cormmitted to such work over
the next three years With respoct 1o
CIMMYT’s traming activities, (t s
interesting to note that the number and
proportion of trances from sub-Saharan
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Africa increased over each of CIMMYT's
quingennials. Moreover, the proportion of
trainees in breeding has declined while
the number in agronomy has increased.

In our view there is considerable scope
for working with national programs in
pianning and assessing e directions of
therr work on menze and wheat. This
kind of counselmg could contnibute much
to the ethoency with which notably
scarce national resources are used. In
reflecting on prionty setting voithin
national research pregrams, there are
miany cases inowhich its relevant 1o ask
i oo many o too few resources are
devoted to maize or wheat research.
Snch decisions, of course, are propetly
i the hands of national program
feadership, even so, we Cin provide
portiment information. in collaboration
with such newly emerging entities as
SPAAR, CIMMY T s1afl will aiso be gnod
sources of mformatien about migh prority
potental mvestiments for donora m the
actvities of natorat programs.

Fially, we see ourselves as more
actively engaged m direct collanoration
with other IARCs whose mandates
mctude work for Amtea. One potential
torm of such collaboration is in research
on technology generation involving
several TARCs and relevant national
programs. Wile we believe that others
could do this job, there are two
considerations that argue for our aclive
partapation. The first 1s the
overwhelrming urgency of the need for
improved technologies appropriate to the
circumstances ol Afncan farmers. The
second 1s that Afnican support for
research in Africa would be substantially
forufied by examples of successiul
applied or adaptive research.

Sustaining Momentum

By any standard of measurement the
CGIAR systern must be regarded as a
marvelously successful venture. The
recently concluded CGIAR Impact Study
gives ample evidence of this. One
welcome resutt of the study is that it
should qguiet apprehensions about the
distribution of the benefits from IARC



research. The evidence shows
widespread benefits, especially to poor
consumers and that should be a comtort
to those who weie concerned about
benefit flows This s not, of course, te
suggest that all s well on the income
chstubution front, but rather that the
cather, more student critics seerm (o have
been well off the mark.

But how can CIMMY T and the CGIAR
best mamtain the momentum tat has
contnbuted so substantially 1o agriculture
N developing counties? The eadier
descussion makes the case that the spint
of innovation must hold sway, not just
over research atsel! but also over offorts
1o contubute to new forms and
structures in collaboration, i product, in
Uenning  and i procedures

Sustamma monentum relites ot only to
support for the IARCs bul to bolstering
suppact for the national programs of
developing countries. Dunng CIMMY 175
short 20 vears we have seen that
support oscilate, first tor one institution
and then another We know that
constancy strongly influences the utihty
of rescarch and that on-agmn, ofl agam
support seldom leads te acceptable
payoffs. We also know that sustained
support will probably only comie: afte
national decision makers are convinged
that they cannot do without agneultual
research, that then constituents will
chellenge their udgement of support i
madequate. And we know as well that
those convichons can only comue of
national programs can give clear
evidence that an imvestment i then work
15 aninvestinent with high payolts

CIMMY T, oo, must mamtain it
energies, and do soon the contoxt of
ever more subtliety in our understanding
of the potental otfered thiough rescarch.
The convictions of an earler day were
mamtamed by rallying cries that gripped
the: unagimation  ""Food for hungry

bellies.”* Today's shibboleths sound fairt
and pedantic by comparison. We must
also, even with the increasing emphasis
on new science, mamntain the luster of
more conventional forms of research,
forms that will surely provide the gains
G the next decade and more And
fmalty, in the face of apparent
abundance, we must gather the energies
to add choice to the hves of the
desperately poor

Cieface ol apparend apunaance, we
dqiher tha erergies (0 add choice
e rves of the dosoorately poor,

Surely these are lormidabie challenges,
but this s not at all to suggest that this
15 the end; o paraphrase Winston
Churchili, s not even the beginning of
the end. But it may well be the end of
the beginnmg, i the sense that the
circumstances of our next two decades
wil differ markedly from those of the last
two. Wit the axpenence, the energy,
the wit, and the innovative spint of our
<tath, 1 have no doubt that we will reach
new highs, with an expanding array of
viable options 1o national programs and,
ihrough them, to farmers .

Gathenngs like this — gatherings in which
we pay high honor 19 our past and
remind oursalves of how we came to be
as we are are essential to maintaining
our momentum. Just as sutely, quiding
hat momentum depends upon such
workshops as this, where we tap the
dehberate reiections of the
knowledgeable

Our opportuniies are at hand; | know

that you share my confidence in their
realization.
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Discussion

G. Camus

Technical Advisory Committee, Consultative Group on
International Agriculturai Research, Washington, DC, USA

Let me add my word of congiatulations
to CIMMYT on bonalf of the Technical
Advisory Comimitiee (TAC) and aiso my
personal best wisties as o fonmer trustee
and therefor an o -offico member of
the extendea CINIMY T farndy CINBIY
has reached vit another mtestone /sl
of vou are aware, | have had the
privilege 1o be closely assoaited with
CIMMYT for about 10 vears as a
member of the Beaod of Trastees and |
would ke to say that 1 was a pleasant
and most memotabii: e petenee s
with priac that i ke oot i vour
dehberations todiy

Fwould hike to ovpress appreciation
o the organizers tor U opportunity of
shanng with ail of vou the views of TAC
on the future of CIMIYT and the
challenges that e abead i a fast-
ctanging wvorkd Dunng thes celebration,
the vutstanding success and impact of
CIMMYT'5 past efforts have: once dgaimn
been unanimoushy tecogmzed. We all are
convinced that streving for evcelience has
always been CIMMYT's philosopty, and
15 the basis for thie Contin's LN
achievements Tris 1o an admirable
philosophy for ts 1o tave 1f we are to
meet the forbidding challenges of
tomorrow’s worid

During this syrmposiut wer have had
three very interesting and productive
days, and the success of ths meeting
has besn in no small measure due 1o
those ot vou who have participated
actively in the discussions. Let me
mention in passing, Mro Chairmnan, that
this symposiuri has also provided a
wonderful opportuniy for an nteractive
process between selected centers,
donors, Nationai Agnicuitural Research
Systerns (INARS), TAC members and the
scientific cormimunity, the Board of
Trustees, and the management of
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CIMMYT. We in TAC welcome such
interactions as part of the necessary
continuing diatogue between the various
participants in the global research
Systerm,

A Look at the Past

Before commaenting on the Director
General's presentation, let me turn briefly
back, once more, to the past. CIMMYT
and ts founders, as well as the pioneers
who made 1ts estabhshment possible 20
vears #go, have indeed a lot to be proud
of

On Monday we heard CIMMYT's
achievernents expressed very eloguently
by one of the fathers of the Green
Revolution, Dr. Norman Borlaug. The
Green Revolution itself was discussed by
Dr M.S. Swarminathan, a person who
was highly instrumental in translating
snme of the nternational research efforts
and breakthroughs by CIMMYT and the
International Cice Research Institute
HRRI) into a practical reality at the
national level. We are all aware of
CIMMYT's good record of interaction
with national systems in developing
countries and the Green Revolution
provides a good example of this
cooperation, which has, as mentioned by
Dr. Winkelmann, adapted itself to new
circurnstances and evolved over the
years

The Impact Study conducted by the
Consultative Group on International
Agricultural Research (CGIAR) in 1983
conservatively estimated that 47 million
hectares in the developing world were
pianted to sermidwarf wheat and six
million to maize derived from CIMMYT
germplasm. These impressive figures
speak for themselves. So do the 4000 or
more former trainees from 95 countries
who consider themselves a part of
CIMMYT's extended family.



The Challenge Ahead

Such a record of past performance by
CIAMYT augurs well for the future. We
learned from the Director General's
presentation that CIMMYT s fully aware
of the sones of challenges that e ahead
of it and that the Center has already
tiken, ors prepared to take, the
necessaty steps o respond to them as
etticiently as o the past W all
recognize that the tasks ahead are very
demanding and difhicult, but they are
also challenging and full of promise

Green that CIMRMY T and TAC are m
agreement, Dl ot myselt ondy to o
fevy topics of qeneral mportance tor
CIMAMY T and the sysiem as o whole,
and not deab with such matters as, tor
mstance, CIMMY T s approach to new
Setence Wean TAC can only beon full
agreemaent with the Contor onoits
constiucirze and pragmatic appreach Lt
meendorse n particular the comments
oi DroAmokd and Dr Winkelmann about
the potential of new molecutas hioloqy
thals ke DNA probes and i particubi
RUEP frestoction fength fragrent

In the short teang, |
behove these tooln can topresent
impottant addittons, and | stress
arldiions, 1o the impressee iy of
brocding techniques currently gsod by
CIMMY T niant brecders

polymorphicm

I thier sarme vern, woe can only welcome
the Conter's increasing mvolvement in
Africiain cooperation with other
organizations. Close coopueration between
mternationat agrictultural tesearch centers
and national rescarch systerms on well
defined action programs s undoubtedly
essential to solving the present Afncan
cusisbam not gomg Lo comment on
such techical nspects of research trends
as the relative demand for didferent
classes of wheat and maize, or on the
npartance of the work, which wee
broadly cndorse, 1o develop matenals
that can accommodate a senes of
stresses encountered when crops are
grown outside then tradivonal or more
favarable environments. Let me add
quckly, however, that the discussion
does not have to be restricted to those

topics | have mentioned and that
everyone, of course, will be free to raise
any questions.

Close cooperation between IARCs and
NARS is undoubltedh: essential to sotving
che present Alrican crisis.

Mecting Increasing Demands

My fiest point concerns the increasing
amount and diversity of calls on
CIMMYT's capacity and relatively limited
resonrces. Those calls are both external
And mternal

Onwe evternal call imvolves the NARS.
Whihine some NARS, whuch also have
evolved over the last 20 vears, are now
fuite capabie of taking a greater share of
responsibiity o mternatonal efforts,
many others unfortunately are stll
lrggmag behind. These NARS lack the
nunimum effective capacity to conduct
even adaptive research, despite global
mtensive traming efforts. Such NARS
need help, one way or another.

We have heard of CIMMYT's plans to
cope with this patticular problem. These
plans mclude increased training efforts
with emphasis on specialized courses,
decentialization and emphasis on the
prepatahon of aning matenals, help in
pHONLY sethng, more seqgregating maternial
provided thanoin the earhier days,
networking, and mnovative views on
meteased shanng of 1esponsibilites with
NARS 1eady 1o take then place as equal
pattninsn the global research system.
However, this will take tme and
resources

With reqard to the: iast point, | welcome
the International Fund for Agricultural
Development (EAD) mitiative,
cosponsored hy the Swedish Agency for
Research Cooperation with Developing
Countries (SAREC), the International
Development Rescarch Centre (IDRC),
the Ministry for Econonuc Cooperation
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{BMZ), and the Rockefeller Foundation,
which will allow some of the more
advanced developing country NARS 1o
shate ther views with CIMMYT and IRRI
at a meeting in early 198/ on the
possibility of expanding ther 1ole 1n the
global researcn system. (s TAC's
convichon that the process of sharing
responsibilities with NARS ought to be
encouraged and accelerated where
feasible

The recent mteratonal senmnar on
prionty topies and mechamsms for
cooperaton n agueultural tesearch in
Latin Amenica and the Canbbean held at
the International Center for Tropical
Agriculture (CIATY in Auqgust this year
provided an indication of the views of
NARS on rescarch cooperation and the
role of the TARCs. This issue s also
being discussed i the CGIAR Task Foree
on sub-Saharan Alncan research
strateques, although here we e
understandably dealing with relatively
wedker NARS

Now, mtemally . the pressute on
resources s no less In addition to the
obvious need for “mamtenance””
research, as underlined by the Director
General, we have the compounding
elfect of increased activities on
germplasm development, on strategic
1esearch, and the neecd o keep abreast
of various aspects ot the new SCIeNCEe,
which are all prerequisites for the: Center
if s to remam in the forefront of
technology genciation. CIMMYT s
obviously conscious of all these needs,
which are compounded by the ncreasing
diversity and m fact the prosent
weakness of most of the NARS

Meeting Long-term Objectives
Thus, whatever cooperation and
partnership develop, the global load will
remain heavy in the near future. This
raises a senes of issuos for CIMMYT, in
particutar one on winch TAC expressed
strong view when it considered the
report of the Second External Program
Review of CIMMYT in 1982, The
Committee then considered that
disciphnary rescarch at CIMMYT
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headquarters needed strengthening to
ensure that the long-term objectives of
the Center would be met. | am pleased
to recognize that substantial progress has
becn achieved by the Center in this
regard. One example is the establishment
of work on sced health. The Green
Revolution would not have happened had
it not been for the ability of CIMMYT to
exchange germplasm freely and safely
with 100 or more countries. The
estabhshment of work on seed Jealth
demonstrates CIMMYT s high priority for
this concern and the Center’s willingness
to generate new knowledge to try and
ensure that scientfic principles will shape
the guidehnes for future exchange of
germplasm. This distinguished group
may wish to contribute 10 the debate on
this matter or on other areas of
disciplinary research that should receive
more attention in the future.

Based on what you have heard in the
last two days and keeping in mind
CIMMYT's comparative advantage, the
amount of research carried out
clsewhere, the limited resources
available, and the increasing need for
decentializing breeding activities, you
might wish to give some thought to the
appropnate balance between on-campus
and off-campus activities. Approximately
40% of CIMMYT's senior staff are now
based outside Mexico, and this has been
a deliberate shift over the last decade.
The Center’s positive steps 1o implement
the highland maize program in Ecuador,
and the recent establishment of a joint
program with IITA to establish a
medalttude maize-breeding program in
Harae, are more recent moves in the
same direcuon, and are fully endorsed by
TAC. In the wheat program, some of the
breeding and agronomy for nontraditional
wheat arcas are not being conducted in
Mexico, but in Paraguay and Thailand.
These moves have already been made,
but what about the future? What should
be the balance of these activities in the
next 10 years -and what would be the
1espective nature ol activities conducted
on and off campus?-- that is an
important queslion which | shall pose,
but refrain from answering.



A second issue closely linked to the
preceding considerations is the
consequence of the global funding
context. Increasing demands are being
made on CIMMYT in a climate where the
total resources available to the CGIAR
are either static or mcreasing only at a
very slow pace. Let me remind you that
the CGIAR represents a very small part,
perhaps 1 to 3%, of global resources in
agricultural research. However, as
dernonstrated by the past, the CGIAR
systern has played a fundamental part in
generating technology that has led to
quantum increases in productivity ot the
globai system. The key words | consider
to be partictdatly important in this
contaxt are comparative advantage and
priority setting.

In the recently completed TAC review of
CGIAR prionties and future strategies,
both wheat and maize were singled out
as commodhtics that will require speciil
consideration in the future with respect
to the relative tevel of resources devoled
to each commodity by the CGIAR.

Let me now come to a sensitive 1ssue,
one on wtich emotions have tended to
run high at times. This reiates to TAC's
proposal for a relative reduction in the
resources allocated to wheat in the
CGIAR. In the short to nedium term, 5
to 10 years, the relative allocation for
wheat 1s nraposed to decrease slightly
and then remain at about that level. This
must not be construed to imply that
productivity research on this crop will
become less important in the future. It s
simply anticipated that present expenses
could be cut down slightiy through
increased parthership and sharing of
responsibility with all components of the
global system, both in the developing
and the developed countries. For
example, at the recent European
Research Directors Conference in Bad
Hormnburg, we heard of the significant
collaborative research network that
CIMMYT is helping to create on barley
yellow dwarf virus (BYDV). This already
involves eight centers of exceilence in
Europe, North America, and Australia

and will involve almost the sam?2 number
of links with developing countries in
Asia, Africa, and Latin America.

CIMMYT 15 taking the lead in this
network, which allows the global
scientific cornmunity to use limited
resources in the most efficient way by
jomtly identifying priorities, assigning
tasks according to comparative
advantages, achieving critical mass, and
sharing i the analysis and interpretation
of new knowledge. Let me stress 'hat
manv of the activities in the netwe 'k are
funded through mechanisms external to
the CGIAR and therefore are additive to
the CGIAR system,

Wheat and maize have been singled out
as commodities that will require special
consicleraton in the future with respect
to the relative level of resources dovoted
to each commudity by the CGIAR.

In general, in the wheat program, TAC
helieves that whereas work shouid
continue on the more favored
environments, more emphasis should be
placed on margmal lands. This may also
provide an opportunity to further explore
the potentiat of triticale for the next five
years or so, after which an assessment
of progress and constraints should be
made. My own personal fecling is that
triticale may enjoy higher adoption rates
it we place more emphasis on triticale as
feed, rather than food. | will not
comment on barley because CIMMYT
has already transfenied responsibility for
this crop to the Internationa; Center for
Agricultural Research in the Dry Areas
{(ICARDA), in line with the TAC/CGIAR
recommendations

Concurrently, CIMMYT will be expected
to allocate more resources 1o maize,
particularly for African conditions where
the needs are specific and urgent,
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consolidate its germpiasm enhancement
actlivities, and do more evaluation ot
wheat and maize genetic rescurces. The
sustainability of production systoms
mnvolving these two commodities and s
inmpheatons for research and techinology
development will no doubt have (o b
addressed. Resemch on the comimon
factors of produciion tor maiee and
wheat, winch also wall requine incronsod
attention, may be at feast partially
addressed by forqing more and Gistter
collaborative inks with non-CGIAR
centers, such as the Internation.al
Fertiize, Developmient Conter FDC) and
the Intemationad ringation khinaaement
Inistitate (11N

This means that, vathn the imitatons of
the future avalable resourcn hase, not
only must the vanous relatonsiips with
the Center’s partners evolve, the
resedfch must dso evolve 10 tackie the
mote difficult environments, and adjust
as the capacity of NARS unproves
Faually, the intenal poonties armong thee
vanous prograras wil need 1o change
gradudally, without doastic steps that
could endanges the specticulan results
S0 far achicued

CIMMY T o5 faced with g senes of
choices involving mtermnal reallocition ot
resources that need to be ariculated in
the context of a future strategy i a long
term plan. This long-term plan wall be the
crtical document examined by the
External Program Review Panel when
CIMMY T undergoes its third TAC review
in the second half of 1987

Germptasm Conservation

I have probably taken oo long already,
but | would appreciate: nemy perrmitted to
briefly touch upon one last point
germplasm ollection and conservation

CIMMY T plays a major role as
conservator and supplier of basic wheat
and maize germplasm for developimg
countnes. Like its commodity -oriented
sister institutions, 1t participates i the
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global genete resource efforts of the
CGIAR system, which represent in facl
about 50% of the conservation efforts
maden the less developed world,

The TAC 15 pleased (o note the mcereased
eftorts of CIMMY T 10 Qermiplasin
conservabion and poarticulariy the close
working relatonships with the
Interational Board for Flant Genetc
Resources 1BPGRY Indead, the IBPGR
has actually provided finacial support to
implement some: of the activities that
have been jointly discussed and agreed
upon with CIMMY T This is a4 good
evample of inter-center cooperation, and
one 1hat may setve as a qood moder tor
the future

Duaning it tecent imeoting m Can,
Cotombia, TAC bueliyv considered the
possibility of Lunching a studv across
the systermon coltuboration witn the
Centeis and the IBPGR. The study would
dssers curtent efforts, needs for
improvernent, and ways in which the
Centers could participate with other
partners i a much-necded 1esearch
program related 1o conservation, slorage,
and evaluation ot the Centers’ mandate
crops. The matter will be discussed with
Center Directors at owr next meeting in
October and probably taken up thraugh
some mechanism we will decide upon
jointly I the meantime, the Director
Generat of CIMMYT might want 1o
comment brietly on the adequacy of the
Center's present facilives  greatly
inproved over the last years - -and on
how tar he feels that CIMMYT should or
could undertake research in this
dadditional field

Conclusion

My apologies again for being so leng,
but, as you have noted, | necded some
extra ume to underhne TAC's strong
support and appreciation of CIMMYT's
programs and achievements over the
past two decades, and o stress my
conviction that CIMMYT shall

sus sessfully meet the challenges ahead
of it.
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