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PREFACE
 

On December 6, 1991, CIMMYT staff and distinguished 
guests gathered at El Batan headquartcrs in Mexico to 
commemorate thL 25th anniversary of CIMMYT's 
founding. Speakers, donor representatives, officials of the 
Mexican Government and its agricultural research 
community, members of our Board of Trustees, selected 
CIMMYT alumni, and other prominent visitors joined in a 
rcaffinnation of commitment to opening options for the 
poor in developing countries by increasing ilc productivity 
of resources committed to maize and wheat while 
protecting natural resources. 

The centerpiece of the day-long commemoration was a 
morning symposium that took a thought-provoking look at 
the next 25 years of international agricultural research. 
Eminent speakers and discussants first addressed general 
global issues on the topic and later embraced more spccific 
strategic issues for maize and wheat research as they relate 
to CIMMYT's mandate. 

The speakers provided clear messages on the inevitability 
of change and the critical interactions between 
productivity and the environment. The presentations 
contained in this commemnorative monograph, beginning 
on p-ge I in English and page 68 in Spanish, provide 
helpful guidance to CIMMYT and its stakeholders as we 
chart our course into the next quarter-cenlury. 
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PREFACIO
 

El 6 de dicicmbrc de 1991, cl personal dcl CIMMYT y sus 
distinguidos huespedes sc rcunicron en la scdc eni El Batuin, 

Edo. de Mcxico, para coninemocr el 25o aviversario de la 

fundacidn dcl Centro. Enlrc la distinguida concurnmicia 
figurahan reprcscntantcs de los donadores, Iociona ios dcl 

gobierio niexicano ymicnibros dc su comunidad dc 
invcstigadores agricolas, varios miembros de nucstro 

Conscjo Dircctivo, Cx-hccLarios dcl CIMNIMYT y otros 
visilantes promitlctnics que sc unficron para rcafirmar 

nucslro compromiso dc mcjorar las opcioncs dc los pobrcs 

dc los paises en vias ,Icdc:;:,rrollo incrementando la 

productividad de los rt-.:ursos quc sc usan pata producir cl 
maiz y cl trigo, al mismio tienp) quc se asegura la 

protecci6n de los recurso. naturaics. 

El punlo culninantc dc la conmmnoracion fuc la 
cclchbrci6n dc un ;imposio cn cl quc sc hicicron 

rcllcxiones tiles sobre los pr6xinios 25 afios de la 

invcstigaci6n agricola intcrnacional. Los poncntes y 

respondicntes abordaron cn primer lugar los problcmas 

mundialcs gencrales y en segundo los aspcctos cstrat6gicos 

mis espccihcos de la invcsligacidn dcl maiz y !I trigo en 

cuaIito atafic a LuMIpIjlicnito dc la misi6n del CIMMYT. 

Los oradorcs describicron los cambios luc inevitablemcnt 
ocurririn y sefialaron la importancial de las interacciones 

entre laproductividad y cl medio ambiente. Las ponv.ncias 
quc se incluyeii en esta inonografia comlenoraliva, 

comnzando en la pigina I cn ingl6s y en la68 cn espafiol, 

nos bfindan una idea general dcl CIMMYT y de los 

organisnos que con el se relacionan, en el inonento enmquc 

se inician nuestros pr6ximos 25 afios. 
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INAUGURAL ADDRESS 

ERN istO ENRIOUI-Z Ruto 
UNDIRS(RIIAIY OF AGRICUITUIR,
MI-XICO 

Dr. Burton Malthews, Chairna of the Board of Trustees; 
Dr. Donald Winkelhnain, Director General of CIMMYT;
distinguished ainhassadors, researchers, ladies and 
gentlemen: 

In the past 2(0 years, the modem world has been
 
cha racteriied by change; lack of change is in fact
 
regression, slow change results in imlobilizition.
 
Democracy with social .justice, liberty with legal
 
guarantees, Ihc fiair opening of markets, political
 
participation of majorities and minorities, these are the 
principles that are presently being debated all over theworld. In the technological field, yesterday's radio waves 
are today's nhicrowaves and oplical fiher, what used to he 
plant breeding, today is biotechnology and tissue culture,
what used to be clearing of lands without measuring 
ecological impact, today is sustainable agriculture. 

Mexico could not remain untouchi d 1w these changes. First 
of all, Mexico, which was predominanlly a centrali/ed 
organization It0 years ago, has undergone dramatic change 
and has become dccetnlized. An organi/ation based on 
political cronyism ihas made the change to a mu1lliparly
system. Now the stale seek., to go from being predominantly 
administrative to assuming a leadership role; from a state 
advocating protectionism at all costs to one promoting 
productivity; from a state having only legal prolection, it is 
becoming a state that emplhasiies social .juslice. 



In this context, Mexican agriculture is also undergoing dramatic changes. First of all, from 

emphasizing the push of supply it is changing to emphasizing the pull of demand. One 

example suffices: the case ol Mexican wheat illI-trates the transformation from 	a closed 

the same 
economy in which the state was responsible f,.ir distribution. Wheat prices were 

everywhere, regardless of where it was produced or whethcr it had been transported 3,000 

kilometers and stoied for 11 months. Thus, the northwestern part of the country produces 

93% of the domestic wheat production in 45 days; 70% of this production is shipped more 

'han 1500 kilomctcrs and stored for 11 months before being sold. By opening up the 

market, there will he substantial change in the farms that produce wheat and in wheat 

cropping patterns in Me::icc'. 

The second point is to base agriculture (onreal costs. Until 4 years ago, Mexican 

agriculture was subsidized in different ways: in interest rates, insurance costs, fertilizer 

prices, water quotas and fees, shipping and marketing costs. Shifting to a policy based on 

real costs implies another dramatic change for the country. For example, until a few years 

ago, producers and the authorities would get together in managing committees to discuss 

costs and raise them as much as possible, since credit was granted and prices were fixed 

based on costs. Today, crop prices, except in the case of maize and beans, are fixed based 

on market prices and international references, plus a protective margin. Credit has 

undergone a substantial change in the last 2 years. Now it is n~o longer granted based on 

production costs, but on expected production and income, which is what determines 

repayment capacity. Insurance went from credit insurance that accounted for 85% of total 

repaid loans, to insurance covering catastrophic damages that protects producers against 

events beyond their control. 

Fertilizer policy has changed completely. Southeastern Mexico is where most fertilizer is 

produced. Fertilizer prices were the same iithe southeast as in the northwest or the 

norheast and, consequently, the less developed sout leastern regions subsidized the 

shipping charges of more developed areas. As a result, the southeast's comparative 

advantage because of its proximity to areas where fertilizers are produced was voided. In 

contrast, its comparative disadvantage increased because of its lower production of certain 

products comparecd with the northern states. Starting this year fertilizer prices are fixed 

based on distance. Borders were opened so that there may also be competition from 

foreign fertilizer companies. The state fertilizer company was sold and the number of 

fertilizer suppliers serving Mexican producers increased. 

The state's monopoly in seed production and research has been dismantled so tht private 

institutes and individuals may researci, improve, and market seeds. There are subsantial 

a 3 years ago the government marketed practically all basicchanges indistributio'i. Up t 


products; at present, ;( distributes only maize and beans and no more than 30% at that.
 

Also, products may be freely shipped to any region.
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Given these reforms it was necessary to make legislative changes. Laws imposed finn 
restrictions that kept tie concept of private property from evolving. The third paragraph of 
Article 27 of the Constitution establishes two types of property, public and private. Private 
property is subject to restrictions in tie public interest. Thus, private property includes 
property belonging to individuals, comntni.ly property, and land belonging to ejidos. 
Community and ejido property are subject to more severe restrictions than smallholdings, 
e.g., restrictions of public domain, freedom, and associa:ion, as well as normal operational 
restrictions dictated by change. Thus, reforms now being debated in the legislature focus
 
on three points, the first one pertaining to the legal guarantees that were eliminated by the
 
agrarian land distribution.
 

Mexico is the only country in the world where agrarian land distribution occurred, and it 
has lasted 74 ycars. Legal guarantees mean that once the reforms are approved, the 
smallholder will not have to go to court to prove rightful ownership every time someone 
questions it. It also means that the community and ejido will no longer be subject to 
reviews every 2 years that could deprive then of the right to ownership that the nation has 
given them. 

If the reforms are approved, community. ejiJo and small landowners will be !egally 
protected, a basic right that the government should guarantee. This icans that it will be 
possible to go to court to settie differences between the different tornis of land tenancy. 
Consequently, administrative authorities will no longer be able to give and to take away, 
to be both judge and party without being subject to the terms, conditions, duration and 
terms stipulated by any legal order. 

Likewise, it clearly allows smallholdings and recognizes small forest property, which until 
now had not been defined. This will ficilitate development, while severely sanctioning 
any attempt to take possession of large tracts that might lead to the formation of large 
landed estates. And finally, it will allow producers to make improvements, sanctioned 
until this year, which resulted in a vicious cycle that rewarded inefficiency and penalized 
efficiency. The reforms also place community and ejido under the protection of tihe 
constitution, putting them on equal footing and granting them the same guarantees and 
freedom as the smallholder. Indigenous communities and ejilo aid conmmunity land will 
also be protected because lands and forests may now be restored to community ownership. 
On the other hand, regardless of the type of land tenancy, producers will be able to form 
associations and transfer land ownership in several ways. 

In support of these reforms, substantial changes are also needed in matters of credit. This 
reformn will be accompanied by the return of capital to the farm sector. This will be 
accomplished by analyzing debts caused by economic adjustments, competi'ion, and 
disasters in order to give new credit to thousands of producers. Next year, 21 billion pesos 
will be channeled in support of this neasure-l.7 billion pesos to support irrigation 
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infrastructure. Also, a system in direct suppoi-t of the producers will be established, 
focusing on the poorest among them. As a result of these agricUltural policies, the efforts 
of producers and good years of rain, the country has once again become completely self­
sufficient in maize and beans, producing 14 million and 1.2 million tons, respectively. 
With more than 4.2 million !ons in whcat production, we are on the verge of achieving 
self-sufficiency in this crop as well. 

Thi.. ooes not nean that all is well in Mexico's farming sector. Twenty-six percent of the 
economically active population still lives in rural areas. There has been a severe depletion 
cf natural resources and the storage infrastruclure is so me fficient that in some areas, 30% 
of produclion is lost due to lack of an adequate storage system. There are also 
transportaliom. problems, but above all there is a great weakness in organized efforts to 
fulfill flianners' production needs. 

In the coming months, we will work on implementing a scheme to organize fanners 
according to what they produce. The different farmer organizations will nect with 
manufacturers, busilcssmen, and researchers with the purpose of reaching a balance 
among themselves. Research .ill be evaluated by producers. Organizations will fix their 
prices and will determine with the banks the conditions on which their repayment capacity 
may be established. These organizations will be .mtregtheied because the Federal 
Government will transfer to then all the facilities that it presently manage. In lacl, the 
process has already begun; of the 650 lacilitics controlled by the Federal Government in 
1990 (including factories, dcmnonstration centers, labor,,tories, promotion centers, and 
quarantine control points), all bul five will be in the hands of producer organizations 

nefome April 19)92. 

Maximum research and technology efforts are required to modernize the fann sector. In 
addition to linking producer associations, wc need to establish agronomic provinces so that 
farners may be free to produce wherever their compa ralive advantage allows them to 
achieve the income and welfare levels they seek. The Federal Government's extension 
system will change completely, and technical assistance will ibe managed, contracted, and 
paid for by producers. The Federal Governmenit will have extension services only to the 
extent necessary to link technical assistance and research. Of a bureaucratic apparatus that 
totalled 35,0((0 employees, only 2,5011) will remain before the end of 1994. Producers will 
contract technical assistance in four ways: I ) through direct payment, 2) on ciedit, 3) 
charging against expected production, and 4) decreasing reimbursements from the Federal 
Government over 3 years. In this way, producers will gradually assume the responsibility 
for technical assistance, vith the understanding that it is not an expense, but an 
investment. 

Neverhieless, these changes may not take place if wc doinot establish a network to protect 
the poorest sector of the population that would include 1) bringing farmers together for 
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field demonstrations and production support, 2) direct support to producers to compensate 
for farmer subsidies in other countries, 3) training, and 4) infrastructure for starting
alterr' tive agricultural activities that are inore productive (in the coming years, almost 2 
million hcctarcs will bc converted to cattle raising or timberland). Other activitics such as
 
tourism and mining will be promoted, public works and investment projects will be used to
 
generate temporary cmployment, while education, health services, and a special nutrition
 
program will be promoted to gradually achieve lie total conversion of Mexican 
agriculture over a period of 20 years. 

The role of CIMMYT isextremely relevant in this context, for, since its inception, it has 
l;een associated with wheat production in Mexico. More than 90% of domestic wheat 
production, that is to say more thiai 3.5 million tons each year, come from germplasm
 
generated by the Center. CIMMYT has also develo;ped maize varieties and it is conducting
 
ain
intensive research program aimed at developing improved gerinplasm adapted to the
 
highland valleys of Mexico. We cannot speak of CIMMYT without mentioning Dr.
 
Norman Borlaug and Dr. Edwin Wcll hauscn, two men who have made enormous
 
contributions to national wheat and maize production. The 100 Mexican researchers who 
have comc to CIMMYT to acquire new kmowlcdgc and technologies should also be 
remembered. Inaddition, I would like to mention the 850 Mexicans who work at 
CIMMYT every day and who thus conlribule to increasing lfarm production and
 
productivity. The coming years 'ill mean enormious work lbr CIMMYT and for Mexico's
 
INIFAP, an institution that encompasses all aspccts of forest~y, agricultural, and livestock
 
research.
 

The Secretary of Agriculture and Water Resources has instructed me to propose to you 
five basic areas of work. The first of them is regionalization based on production potential. 
Next year, we will initiate an intensive program that will include technical assistance, 
improved seed management, and fertilizaition to be coordinated by INIFAP in 
collaboration with CIMMYT. This program will cover al area of 1.3 million hectares, 
where it is expected to increase maize and bean production by at least 50% in the next 2 
years. Although CIMMYT and INIFAP wi'l assume most of the burden and responsibility 
for the program, the Federal and State Governments will allocate more than 150 billion 
pesos to it. 

The second proposed area is to increase productivity in the highlands of Mexico, where 
two-thirds of the highland area planted to mai/c in the world is found. A substantial effort 
is needed to ir'crease yiclds and improve cold tolerance. Productivity in the Central 
Highlands will also have to be increased and new wheat varieties will have to be adopted 
inorder to meet the ,eniands of a market more concerned with quality than with quantity. 

The third point is to accelerate the development ofi ilcome-generating technologies that 
lower costs, and most importantly, contribute to sustainable agriculture, since the 
protection of ecosystems is a priority that cannot be ignored. 
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The fourth point implies the association of INIFAP and CIMMYT in programs to 
introduce production alternatives in areas that cannot now compete in the market. The last 
point demands that technologies and added value be incorporated in order to link basic 

production and processing. 

Ladies and gentlemen, the Secretary has instructed me to transmit to you the recognition 

that this organimftion deserves for 25 years of service to humanity and for the 
transcendental impact that it has had on Mexico's agricultural production. Finally, the 
Government of Mexico hopes to demonstrate that, with the combined effort of institutions 
such as CIMMYT and state organizations, and with the support of producers, in the 

coming years it will be possible to achieve an unprecedented transformation in Mexican 
agriculture. Thank you very much. 
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AGRICULTURAL DEVELOPMENT 

IN THE THIRD WORLD:
 
RECENT PAST AND 
FUTURE
 

DIRECTIONS 

MICIEL PvlTrr,* D EMwc'ioR, AND JOCK R. ANDERSON, 
PRINCIPAL ECONOMIST, AGRICULTURE AND RJRALDF.VEL.OPMEFNT DEP'ARTM ENT, 

INTE.RNAI'ONAi BANK FOR RECONSTRUC(HlION AND
 
Di-VEL.-.OPMF-NT (Woiim.D BANK) 

*Did noi attend symposium. 

Technologicalprogress is the one fiairlyreliablekey to 
unlocking the futureproductivitY gains neededto ensure 
adequate supplies offood, and investment in knowledge to 
enhance the productivity ofthe agriculturalresourcebase 
is the critical investment priority br the future. A strategy
for gemeral agricultural development would need to 
consider the following elements: 1)the reforin of inefficient 
policies; 2) the enhancement of institutionsgenierally, and 
specifically those serving agriculture;3) an action 
program for improv;ng managemet oftie natural 
resourcebase; and ,)continued technologicalprogress 
through sustainedin'estment in agriculturalresearchand 
knowledge-relatedactivities, especiall' the educational 
system. What CIMMYT does best is to focus on improving
 
the productivity of crops that the poorconsume; that is
 
also what is be.a: done for alleviatingpoverty and spurring 
economic growth. The challengesfacing CIMMYT and 
other internationalcenters are 1) to find new ways of 
working with nationalagriculturalresearchsystems to 
improve the globalsystem of agriculturaltechnology 
generation,diffusion, an/d implementation; and 2) to give 
greaterattention to aspectsoftheir broadenedresearch 
portfolios (e.g., researchrelated to more marginal 
environments andto tie sustainabilitYoffarmingsystems). 



are delighted to have this opportunity toAs representatives of the World Bank, we 

participate in this rather special conmienloralion. It is special in many ways, as is CIMMYT 

on the possible evolution of the Consultative Group on
itself. Some of the commentators 

International Agricultural Research (CGIAR) during its formative years spoke loosely of 

the "natural life" of the international ccnters as being something of the order of 25 years. 

not among such speculators and today, parenthetically and to express our personal
We were 

that the nccd for CIMMYT or somncthing very much like it will go on for
opinion, we see 


several more decades at least and probably rather longer.
 

KEY ROL.ES FOR A(;RICUII.rRE IN DEVEI.OPMENT 

This is not the right time or place to attempt a considered review of the diverse roles that 

have been speculated on for agriculture. Rather, we wish to concur with the consensus that 

has emerged that, at least in the many agrarian economies of tle less-developed world, 

agriculture does play a ftmdamental role as an engine of economic growth. Millions of poor 

reas of such economies and the most 
people live and struggle to subsist in the rti...' 

efficient way of engaging themi il the process of economic growth is through agricultural 
In

growth. Boosting the role of agriculture can be done in many different ways, of course. 

an earlier era, ftr example, the provision of irrigation services was one such centril driving 

force and one inwhich our own agcncy was very much involved. The effectiveness of such 

infrastructural development was, as all in this audience know, greatly boosted in the 1960s 

and 70s through the arrival ofi modern cereal vrieties and the greatly increased availabil ity 

of fertilizers for tl'c irrigated and the better watered sectors. Times have changed, howevcr, 

and as we now look at the prospects for further increases in economically irrigated areas we 

find limited scope aild, relatedly, much concern for the sustenance of existing and many 

now aging rural infrastictures centered ol irrigation facilities. We in the Bank have been 

su fficiently concerned by this to have launched several action programs in various nations 

through irrigation sector reviews, through our strong support for the International Irrigation 

initiative for
Management Institute (IMMI), aid most recently through a major new 

o address some of these probleins
technical rescarch on irrigation and drainage to begin 

which have bcen under-recognized and undcr-attended in rcent decades. In spite of talk to 

the contrary, the Bank is indeed interested inand active in solving technological problems. 

Many studies have shown that technology-driven agricultural growth can contribute 

significantly to growth in national income and they need not be revisited here. A large, if 

more contenit ious, literature discusses the poverty-reducilig impact of technological change 

(Lipton and Longhurst 1989; Ilazcll and Raimasamy 1991). 

Nonfarmn linkages generated by technical change inagriculture call accentuate both the 

economic growth and the poverty-reducing imp;ct of agricultural improvement. A growing 

agriculture demands nonfarin production input.i and it supplies raw materials to transport, 

processing, and marketing firms. Likewd-e, incrcases in farm income lead to greater 

demand for consumer goods and services. In addition to stinlulating national economic 

growth, these production and consumption linkages affect poverty and spatial growth 

8 



pattenis, particularly when agricultural growth takes placc on tilemany small- and 
medium-sized farms (Johnston and Kilby 1975; Mellor 1976). Because much of the resul­
tant growth in nonfarn activity is located in rural area: '-id small towns, it can also contri­
bute to the containinent of rural to urban migration. Moreover, the kinds of nonfarm goods
and services demanded by snall- and medium-sized farns are often those produced by
small, labor-intcnsive enterprises whose growth in turn can contribute to increased employ­
incnt and income-earning opportunities for the poor. These effects have proved to be quite
powerful in Asia (e.g., Bell et al. 1982; Hazell and Ranasany 1991), but are seemingly

weaker in sub-Saharan Africa (Haggblade 
et al. 1989; Haggblade and Hazell 1989). 

Debate in the area of poverty allcviat ion has been assisted through the publication of tile
World Development Report 1990 on poverty, which observed, inter alia (p. 29) that

"poverty...tends 
 to be at its worst in rural areas [, as are] problens of malnutrition, lack of
education, low life expectancy, and substandard housing....This is still true in Latin 
America, despite high urbanization rates....Rural poverty is a critical factor in the overall 
incidence and depth of poverty." Defiiitio,mial issues persist, but the evidence is
 
overwhelming that development agencies must focus their programs 
more directly on this

basic problem ,ad seek irore urgently effective 
means for improving the situation, much of
which must be found within rural areas. This is a problem for agencies such as ours. As
such, it does not seem to deserve a dominant place per se on the research agenda of 
technologically oriented institutions such as CIMMYT. We have recently seen how the 
Technical Advisory Committee (TAC), in its latest Priorities Paper, is addressing poverty

dimensions in its systein-wide approach to 
resource allocation. CIMMYT must be, and
 
surely is, mindful that being driven cxccssivcly by e(uity objectives may come 
at
considerable cost in terms of overall efficiency objectives. Meantime, focusing on boosting

generally the productivity of crops that the poor consume is what CIMMYT does best and
 
it is also what is best done 5or povcrly alleviation as well as economic growth. 

PROSPIt'CTS FOR TiIlE Fri'I'tw 
As we have noted, the continuing dynamics of population growth oblige us to confront 
ever-growing populations, especially so in the presently Icss-developcd world. The forces
 
operating here are 
unlikely to abate before CIMMYT's Golden Anniversary and we must
thus prepare ourselves accordingly. The demands for food and, to a lesser extent, fiber will
potl great pressures on the natural resources that support agriculture. Some observers, such 
as Brown (1990), are exceedingly concerned about these trends and speak interms that
could only be described as "Malthusian Alainnist" in contemplamting the prospects. Our own 
perceptions are nore sanguine, although iot to Ie extent of the more optimisticcontemporary commentators such as Avery 11991). As we have reflected on the issues, it is
clear that many of the traditional sources of agricultural growth are in many areas no longer
,.vailable to us. In much of Asia the contributions of new linds are minuscule. There are
opportunities for additional lands to be diverted to cultivated agriculture, inparts of Lalin 
America especially and, to a more lilited exteti, iti Africa, but even in these cases we must 
look for the answer to future demands beyond agricultural land per se. Similar concerns 
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attach to opportunities for new irrigated laads. Tying together these concerns-and for 

brevity today skipping over other related and possibly changing resource situations such as 

those involving climate and plant genetic resources-it is our diagnosis that the one fairly 

reliable key to underpinning the future productivity gains that will be needed on the supply 

side of the world food equation is technological progress. 

This theme has been elaborated in a recent draft report we have prepared in our 

department concerning the state of agriculture over the decades to 2030. The definitive 

work has yet to be done in this field, but our assessment is that investment in knowledge 

contributing to enhanced productivity of the agricultural resource base is the critical 

investment priority for the future. Institutionalizing such an investment has naturally both 

international and, most critically, national aspects and we in the Bank are addressing these 

as best we can. Let us thus now turn to the elements of a general agricuitural development. 

STRATEGIC CONS I)ERAIONS FOR DEVELOPM ENT AGENCtlS 

Several general themes have been pursued in the development strategies of agencies 

involved in such assistance, usually applied on country-by-country and region-by-region 

basis. Let us deal with the major ones briefly in turn. 

Policy Reform-As one active development agency, the Bank has played a strong moving 

(some may even say "pushy") role in addressing the need for refonn on inefficient 

policies. This has been the major thrust of policy lending in the past decade or so which 

replaced many of the more traditional project-oriented activities. Sectoral adjustment loans 

have featured a variety of policy reform measures. Much progress has been made in 
"getting prices right" on both input and output sides in many parts of the world, although 

much remains to be done. If only such progress could have been more universal. Some of 

the measures, such as the phasing out of fertilizer subsidies, have not won the active 

agencies many friends among some of the technologically oriented international research 

centers, but the case against fertilizer subsidies, for example, has been an overwhelming 

one. The gains in the overall successes in greater equity and greater economic efficiency 

through the reduction in such input-subsidy programs have doubtless been real. The story 

of agricultural credit, closely related in many cases, is a less happy one in many respects­

but that's a story for another day. In spite of some success, this process of policy reform 

has often been halted and when it has begun, it has seldom been complete. Thus the need 

to pursue it is very general. But we also know that "getting prices right" will not be 

sufficient. Other comp'-ents of a global strategy must also be attended to. 

InstitutionalCapacity-The enhancement of institutions generally, and those serving 

agriculture specifically, is clearly a key development priority and is one that is surging to 

the top of the contemporary agenda. We have seen a growing awareness of the importance 

of governance. Looking at the quality of governance in many countries, however, gives 

one no great cause lbr comfort. Development agencies' capacity for work in this regard is, 

unfortunately, all too limited. The Bank has experimented with many devices including, at 
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the more modest level, the Economic Development Institute's policy seminar system for 
broadening the experiential base of kcy national dccision makers-and there is soon to be 
one on agricultural research policy in East Africa, for example-through to lending 
programs directly addressed to novel institutional modifications. In the field of agricultural 
research, for instance, wc are attempting to lend for more efficient and more responsible 
national agricultural research coordinmating and planning mechanisms. Some of our 
monitoring and cvaluation work has been designed to strengthen other efforts in 
institutional reform. In the agricultural area, we have been assisted by the International 
Service for National Agricultural Research (ISNAR) on many of the agricultural research 
initiatives, and we have our own several "experimental" programs in the agricultural 
extension field. The issues range over all these service sectors from credit through 
physical inputs to the management of rural infrastructure. All these elements have their 
own critical parts to play and the challenge is thus large, providing ample opportunity for 
the development community. Bilateral support, for instance, is likely to be a crucial 
element iii strategies fot strengthening national institutional capacities. 

Natural Resource Management-The third major plank in any broad development strategy 
iust be ain action pm ogram addressed to improved inanageument of tie natural resource 

base-whether these resources be soils, water, forests, the atmosphere or whatever. Our 
attention to these matlers has surely beenlhcightt.iicd through the activities of tie Green 
Movement in recent years, but the issICs are of a iiore transcending importance, an 
importance that has beccn t, slow in its recognition within the development community. 
At last, however, many positive initiatives are in hand and, while it will take considerable 
time for the new initiatives to make much impact in the world, the steps that have been 
taken in recent years are in the right direction. The agricultural research community 
generally, and especially in recent timnes those elements linked to the CGIAR, are turning 
around their research priorities significantly to accord with this and it is pleasing indeed to 
note that CIMM YT is no exception in this regard. While the commodity focus already 
mentioned must continue, the work that CIMMYT and its partners already have in hand 
for measuring more carefully and for broadening the research agenda to encompass 
environmental dimensions is commendable indeed. Development agencies too have made 
significant adjustmemnts to their own stalf resource allocations to address these issues and, 
again, our own organization i" no exception in this regard. We must all change our 

practices 1from the often too short-sighted methods of the past as we work towards leaving 
the natural resources of the world in reasonable shape for future generations. 

i "chnologicalProgress-Andso we come to the itcm that impresses us as being of the 
highest priority. As noted above, the only fcasible solution to many of our agricultural 
growth and related econonic development issues is through continued technological 
progress, which can only conic through sustained investment in agricultural research and 
knowledge-related activities. In this we see one arca of especially great concern being the 
educational system and its specialized agricultural elements, which in many cases have 
run to low and ineffectual levels. Here too there is great scope for both bilateral and 
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multilateral assistance in addressing new initiatives for the agricultural knowledge system 
generally in less-developed countries. Our nets need to be cast widely to incorporate the 
educational components of such systems as well as tile research, extension, and 
development agencies that nust be actively involved. We are highly conscious that the 
private sector has many potential, and stillunderdeveloped, contributions to make in sole 
of these processes and wc must pursue such opportunitics with renewed vigor. We in tlhe 
Bank's Agr;culturc Department are presently actively engageJ in examining ncw needs in 
fostering seed industries, as one particular example. 

We have been greatly concerned about imnproving tileel'fcctivcness of advance in 
agricultural technology generation and tra nsf'er. Efflorts within the Special Program for 
African Agricultural Research (SPAAR), particularly with the assistancc of the Bank's 
Africa Region agricult ur lists, have been Iocused on greater regional cooperation and 
rationaliimltion ol the scarce human resources presently available to national systems. There 
are major initiatives inlhand in both the Salhel and Soulher Africa regions. But there is so 
much mort at needs to be done alnd we thus need fresh thinking as to ho0W we can all do 
better in all se and related ficlds. In this respect, the challenge facing international 
centers, including CIMMYT, is to find incw ways o;doing business with the national 
agricultural research systems (NARSs), since in many cases-notably ii sub-Saliaran 
Africa-the global agricullural technology generaltion-diflusioim-iml)lcinct;tion system is 
not effective. 

CIMMYT: Nt-x'r 25 YEARs 
We cone today to enjoy your commnemoration and not to pontificate on your future. There 
are, it seems to us, more than ample inistitutional sources of advice from the donor commu­
nity of the CGIAR, the various procedures associated with the TAC, and CIMMYT's own 
impressive internal review structures, all providing cogent advice on implications. It is thus 
not for us to draw out ayi 1 our own lew observations, but rather toimplications fOiom 
commend institulional flexibility inherent in the several initiatives already being imple­
mnented at CNIMIYT. Clearly, a strong commitmnt to the basic com modity-focused 
research that has worked so well in the past will be a continuing feature of your work. This 
must be sustained at signific:nt levels in spite of the itcreasing attention that must be given 
to other aspects ol Ihc broadened poilllio, including your altntion to the more marginal 
areas that have been rather circunvented by past signi icant achievements aid for the 
many activities you have directed to the increasing sustainability of farming systems­
systems that are generally being intensified and in many ways made more stressful. What 
we see and hear gives us great faith that you have considered the clalenging difficulties of 
these issues and made some hard judgCmnCts ;bout the needed trade of'ls iii distilling your 
own priorities. The nature of our world is such that these are anything but fixed and we also 
see that you have embedded in your owni planning procedures a high degree of adaptability 
and responsiveness to newly perceived priorities. As you embark upon this absolutely vital 
work, you can b, reassured that you have a reliable and we hope strong friend in the World 
Bank. We wish you all the best for your next 25 years. 
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RESPONSES 

Di RIK BYFRIIIlt­

Dim;,--loR, CIMMYT ECONOMICS PROG;RAM 

First, let me thank Drs. Petit and Anderson fbr providing us this background paper to help 

CIMMYT in thinking about agricultural development in the next 25 years. We are also 
most grateful to Dr. Anderson for Ihe special effrt lhe made to attend this symposium 
(travelling from Bangkok only yesterday). GiveII that the World Bank is a co-sponsor of 
the CGIAR, a major donor to CINIM YT, and a leader in developnent ideas in its own 
right, we appreciate the strong endorsement that Petit and Anderson give to the role of 
technical change in agricultural development and the imporlant role they project for 

CIMMYT in this process of change over the next 25 years. 
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They emphasive the key role of technical change illagriculture as aa enginc of overall 
economic growth in low-income countries. Technical progress can also be an important 
element in sustaining the resource base, bolh directly through dcvelopmncnt of 
"environmental -friendly' Icchlnologies, and indiiectlv through reducing rhe prcssurc to 
move to more marginal lands. FinAlly, tcchinical change in basic food grain production has 
been an important mechanisi for alleviating poverty illmany onuntrics, especially in 
Asia, although I agree with Petit and Anderson t1h: Ic:nic:l ch:ngC is gcncrally a blut 

instrument lor solving dcep-seated povcty problcni.s. 

All oft his is good news for CIMNIMYT in idc atifRing its role for the next 25 years. But we 
should ask how Will the role Ot igriculiure ill cconomic development be difflerent inl the 
next 25 ycars compared to that ol the past 25 years and ',hat does this imply for 
CIMMYT's tuture. stratcgy? 

First, for those. lo\k incomc countrics that havc yet to experience rapid Icchnical change in 

basic I'ood staples, it rerwains a iajr challenge for all oilus, both in international and in 

national research syslers, 1o [[O, idC the basis for technllic;l progress over the next 25 

yCayrs. MoI of these- low10\k couLmiries :1Lrenub-SAhaI;in Africa, where both perin1come1C ill 

capila tood prltclii in ll(rur:ill inmetic, 1ii0 C bTCn declinilimi',.I1Ma ways, the current 
situltion in Alric; paIratllCls Ihe ,ilul;iion ill.-ia 25 ,ears iO, 1d rapid It':hnical progress 
in basic food taplC.such is .U/c, cimbirCd \%irlh 1n appropriite policy environment, is 

;akey to the solution1. 

Let us nov turn to) the low, md middle incmnc countries that have already experienced 

rapid I-ainslormi tlioi ot thcir agriculural seclor through teelinical change. i these 

countries., li,[st oft , hch arc ill,ia and Laln Amcrica, the situation wc lace now is quite 
different to that (f 25 vearsl Ai1.. hi the lust pl.icc, the t\ p of technlical change now 

required :it1thi g of deVelopmneit w ill bc much moe know ledgc- and skill-intcnsive 
than inl the uiL. ScoCIl,,. iiicwmis illthese countries havc no rcachcd a level where 
food grainl. I lend ho dccline botlh is i sh;iic tl iers' incomes aid as ;ishare of 

COtIlUsmt,' expcditure [hi,, rctlecls tIne natural I Of diversilti,otiln associated 

with CCOMlioiiiCdCvelplilCilas (onsumer0c1s denC1i:iid higllCr vilue foond products such as 

fruits and vegaleics, and cat;l milk, ;nd ;is develo a wider range ofiiil rral areas 


ecOitnmic ;lctivitiCs, including nomntilrm iobs.
 

characlteri¢ed 

198(s, bolh at the national level aiid (hopeICfully) thC intcnialiial level, is leading to more 
open niarkcis for agricullurli produCeb, cspcCially lor cereals, which in the past havc been 

strongly influenced by government imit-venlions. 

Finally, the proc;,s ol agricultural policy rtihn that fiMis the decade of the 

These three major changes ill Ihc ecomiriic elivirnniliflt---i new stage of technical 
chaiige, divers,ific;iinil, ;ind policy rcloi i- -have sevcral possible implications IorclMMYT: 
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" 	 Land saving technical change in basic foods will coninue to be an engine of growth by
 
freeing resources to fIcilitate fhe process of diversilicaion. However, research systems
 
wiil need to evolve rapidly to accom modate a more knowledge intensive stage of
 
technical change. 

" 	 Diversification may reduce somc of the pressures on the resource base brought about
 
through continuous cropping of food staples such as rice and wheat. This process is
 
•already well undervay in many irrigated lannig systems. 

* 	 More open econonics will lead to greater specialization both bceen and within
 
countries, and we need to ask , hat are the implications of this new policy environment
 
for CIMNMYT. For example, under free trade in cereals, "Will there be a role for wheat
 
in the warmer tropics'" or "Will maiz/e continue to be an important crop in marginal
 
areas )f Latin America?" or "Will the rapid increase in the demand for maize in Asia
 
be met by increased domestic production or by imports?"
 

" 	 Increasing incomems and more ope n economics may weaken the link between increasing 
food grain produclivity and reduction in pvcrty through lower prices for food staplcs. 
This is because in an open economy increases iI agricultural productivity are less likely 
to be translated into lower prices for consumiers. Rather they will be reflected iii
 
changes i n food grain imports or exports.
 

It is beyond the scope of this brief commentary to allenpt to explore these issues further, 
but clearly all of us who work in agricultunral r scarch systems are now dealing with a 
more dynanic and interlinked world than in the past, and we wvill need to continuously 
Monitor these types of economic changes as we revise our strategies. Thank you. 

LuotlO Sotis 
DIuIttC"IR GI-NIRAI., LJ('AS AI.AMAN INSfTI TI OF 
ECONOMIC AN) SOCIAL. Ri-sliARCHI, MEXICO 

Dr. Anderson mentions that irrigation services significantly boosted agricultural growth in 
the pa':t. However, Iimnes have changed, and potemlially irrigable areas have become 
scarce. There fore, factors that previously promoted agricullural growlh, such as expansion 
of irrigated areas, will be less imporlant in tie fiture. Likewise, Dr. Anderson enphasizes 
the need to think in terms ofl snall irrigaliom districts, which present different 
administrative problems compared to large irrigatiun districts. lowever, I believe that 
managing a large irrigalion district presents fewer administrative problems than managing 
Inany small ones. 
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Dr. Anderson explains that most nonfan jobs, which are nonetheless related to 
agriculture, are found in small rural villages. Encouraging such activities could help keep 
people from leaving their villages and emigrating to heavily populated arcas such as 
Mexico City. The flow of thesc cmigra nts to already heavily populated .-eas is the source 
of sefious problems. 

He statcs CIMMYT believes that placing too much emphasis on equity considerations 
could result in heavy losses in efficiency since there is a trade-off between them. Taking 
into account only equity considerations or placing too much emphasis on them is very 
common and reflects a general concern for social justice. Equity considerations should be 
put above ef'iciency criteria only when efficiency in the use of resources is not affected. I 
completely support ;his point of view. 

A point that parlicularly caught my attention was Dr. Anderson's strong interest in tie 
objectives of comimnodity-ba,:ed research, i.e., of research geared towards the production of 
basic food crops. I believe this type of research should receive special support in the 
future since it has undoubtedly produced good results in the past. I also believe CIMMYT 
is providing a good example of this type of research. Moreover, Dr. Anderson points out 
that agricultural research on sunallholdinsgs, o l limited plots, and the like should be one of 
CIMMYT's futlure concerns. lie did not voicc this opinion as strongly as I have just 
expressed it; however, the fiact that lie did render this opinion slrik -s me as extremely 
important. 

This is related to what Dr. Anderson said at the beginning of his presentation, namely, that 
agricultural growth based on expansion of cultivate areas will no longer happen on a 
large scale. This fact aid continued population increase are causing a reduction in average 
fr'rm size. 

I believe that tie successful perlo.mance of Mexican agriculture in the past--despite its 
numcroms probleIns-is due largcly to ieclmiological rcsearch based on previous 
experience, mainly in the midwesteni United States. Because of similar production 
conditions in tle Midwest. particularly low, and in Mexico, those technologies were 
highly applicable in Mexico. 

However, agricultural arcas such as the Yaqui Valley in northwest Mexico are being 
depleted. We can there fore no longer depend on this region as an original source of 
knowledge, which in the past provided Mexican agriculture with highly profitable 
tcclnological dcvelopncm. The depiction of these areas raises diflerent problems for 
agricultural researchers and for CIMMYT. Dr. Anderson cautiously referred to these 
problemis, a rd I fully agree. I would like to cmphasize that one of the alorementioned 
points has become a recurring theme in discussions on these issues. am referring to the 
need for achieving long-term agricultural capacity that is not based on tie destruction of 
the natural resource base, but oi maintaining agriculur l productivity. We should 
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therefore try to increase long-term efficicncy in the use of those resources. External 
economics should not be allowed to damage the natural resource base. On the contrary, 
this base should bc maintained, strengthened, and developed. I believe this to be a very 
important point, as indicated by Dr. Anderson. 

I would like to add th:.t, because ol the conditions under which Mexican agriculture has 
evolved, irrigated areas can no longer be expanded. We should consider tropical 
fanrflands. I believe agricultunl research sl:ould also be conducted in the well watered 
coastal areas around the Gul land in tie southeastern part of the country. This type of 
research has not Oeen conducted nor encouraged in Mexico, dcspitc the fact that it is being 
done in Central America. 

In Bangladesh, I visited farms where Brili,;h agricultural research efforts had led to the 
development o1 plant varitics, such as paddy wheal, which to me-since I don't know 
much about the subject-is abselutely amazing. I have heard that bread made from this 
wheat tastes just like bread made from wheat grown in nort hvestern Mexico or in Iowa. 

We will have to consider technologies that are highly productive as we restructure or 
redirect Mexican agriculture. Conditions in areas such as the Papaloapan region are 
somnewhat similar to those in B,,ngladesh. II indeed it is feasible, it would be a source of 
!echnological guidance and support, as the Midwest x,as and still is. As Isaid earlier, 
based on available resources, we should seek new technologies and methodologies as a 

icans of dcveloping Mexican agriculture. 

In conclusion, I would like to say that it has beeni a pleasure to be at CIMMYT on the 
occasion of its 25th anniversary. CININI )7 has been a real blessing for Mexican 
agicuiture, a nl more importantly, it has made significant conlibutions to improving the 
welfare of the Mexican people. I hope CIMMYT will continue to be as productive in the 
next 25, 50, and 100 years to come. 
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AGRICULFURE-ENVIRONMENT
 

INTERACTIONS
 

AIVARO UMANJA QU.SADA 

VICE PRFwSI)DFNT, ENVIRONMI-N',I. STUDY CENTER, 
CENTRAl. AMFI:RICAN INSi1TIUTE OF BUSINESS 

ADMINISTRAIION, CosTA RICA 

ABSTlRACT 

In recent decades, agriculture has played a major role in 
the developnent strategies of Third World countries, both 
in meeting the demand for Jbod for growing populations 
and in improving the wellare of rural and poor people by 

reducing hunger and generatingemnplownent and incone. 
Although thu technological advances in agriculture have 

been impressive, importantproblenLs remain to he solved, 
including those related to agriculture's elfect onl the 
environment. The impacts oJ agriculture oil the 

environnent include: 1) the expansion of cultivated area at 
the expense ofJorests, thus diminishing biodiversity, 
increasing soil erosion and degradation, and affecting the 
climate; and 2) the use of agrochemicals, especially 
fertilizers, pesticides, and herbicides (agrochemicals are 
often eypensive--nany are imported; the' affect the health, 

oJ agricultural laborers; and they have residual effects oil 

agriculturalproducts as well as soil, water, and air). The 
snurces of these problems are numerous. For example, 
widespread mnonocroppingof genotpically similar 
varieties can lead to all increase ill diseases and pests. 
Also, macroeconomicpolicies have focused on short-term 
goals rather than onr issues affecting smallholders, the 
environment, and the resource base. Problems in access to 
land, land tenure, and land distribution have given 
smallholdersno choice but to clear forests for subsistence 
farming. To mitigate the negative effects of agriculture on 
the environment, a series of alternatives has been 
proposed, ranging from the use of traditional cropping 
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practices(multiple croppingto take advantageoffavorable interactionsamong crop
 
species), to the collection ofnative germplasm, integrated pest management, and so-called
 
"sustainableagriculture." These alternatives seek to use natural inputs as much as
 

possible and to minimize the use offossilfitels and agrochemicals. 

In recent decades, agriculture has played a major role in Ihe development strategies of
 
Third World countries. Starting in the early 1950s, the development process carne to be
 
synonymous with economic growth measured through the per capita increase of the Gross
 
National Product (GNP). However, in the late I960s and early 1970s, the original version 
was revised to include "redistribution growth." 

Economic growth continued to be a basic ob*icclive, but it needed to be balanced with a 
concern f'or tle lower income groups so that rural and poor people would also share the 
benefits of growth. Within this strategy, agriculture became a high priority because of its 
potential to promtOte rural development, reduce hunger and malnutrition, as well as 
generate jobs and foreign currency through agricultural exports. Thus, agriculture is still 
the principal engine of economic growth and dcvelopmnct in many Third World countries. 

At the sane time, rapid population growth in those countries has generated an ever larger 
demand for food production. Partly as a result of this combination of factors, in the past 
decades achieving significant increases in global agricultural production has been given 
lop priority. Technological advances in agriculture have been impressive and are generally 
included under the heading of the "Green Revolution." This term encompasses 
technological innovations and changes that may be divided as follows: 

* Breeding programs for rice, maize, and cereals that led to high yielding, early 
maturing varieties with low sensitivity to day length. 

9 Organizing and distributing technology packages including inputs such as fertilizers 
and pesticides, as well as irrigation and water use efficiency. 

* Implenlentation of technological innovations under favorable agroclimatic 
conditions in conjunction with fanners having high potential. 

The impact of technological change in many Third World countries has been spectacular, 
especially in the case of rice, wheat, and maize, since a high percentage of the cultivated 
area in these countries are planted to high yielding varieties. FAO data indicatc that per 
capita food production in developing countries has increased by more than 7% since the 

-mid-1970s, with an increase of more than 27% in Asia. For example, seven countries that 
grow 85% of rice in Asia (Bangladesh, China, India, Indonesia, the Philippines, Sri Lanka, 
and Thailand) have produced an additional 27, 29, and 34 million tons by using high 
yielding varieties, fertilizer, and irrigation, respeciivly. 
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The institutions under tile Consultative Group on International Agricultural Research 
(CGIAR) have played a highly important role in this process, which has received 
considerable international support from both industrialized countries and private 
organizations and foiundations. 

In spite of these achievements, important probiems related to the unequal distribution of 
benefits, the environmental impact of agricultural production, the destruction of tropical 
forests, and the general loss of soils in almost all developing countries are yet to be solved. 
For example, despite the increase in global food production, Africa has experienced a 
strong per capita decrease. Even in countries where increases have been considerable, 
distribution has tenuded to be unequal because although high yielding varieties have been 
widu.ly adopted, other factors havc not been adequately controlled, i.e., soil quality, access 
to and use ot water, fcrtilizer and agrochemical input prices, and other biophysical and 
agioclimatic factors. 

Another important factor has been that many fairmers have tended to change their 
traditional multiple cropping systems for nionocropping high yielding varieties. Farmers 
who plant these varieties apply fertilizers and other chemical inputs and are thus subject to 
price variations, access to credit or lack of irrigation programs. 

Widespread nionocroppi ng of genotypically similar varieties has also led to a greater 
incidence of diseases and pests. The indiscriminate use oflpesticides has insoic cases 
caused pest species to become resistant to pesticides, and this in turn has made it 
necessary to apply higher doses or new pesticides. Thus, there is a very real risk of starting 
a vicious circle where greater applications of new, more expensive products are needed. 

Other important problems have to do with farm, energy and exchange rate policies of 
developing countries. In some cases, agricultural policy has focused on shorl-term 
objectives that fail to lake into account the smallholders, the environment and the resource 
base (soil, water). In other cases, land tenure and marketing policies have tended to favor 
medium- to large-scale fariers. 

Tinl, CONCEPT OF StIs'iAINAtIITI.utY 

Another factor of great importa nce today is "sustainable development," a concept 
introduced to the international community by the Bruntland Commission, which ensures 
that the long-term effects of developme nt do not damage the rightful heritage of future 
generations. More specifically, when referring to food security, the report calls for 
"increasing production to satistf' growing demands while at the same time preserving the 
basic ecological integrity of production systems." 

This new vision has been widely accepted not only at the CGIAR, but also at the World 
Bank. The latter's recent review of renewable resource management in agriculture 
indicated that there are three basic criteria for successful agricultural development: "First, 
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it must be sustainable, ensuring the conservation and adequate use of renewable resources.
 
Second, it must promote economic efficiency. Third, its benefits should be equitably
 
distributed."
 

InI turn, the CGIAR has begun to promote important changes among its centers through 
their strategic plans and by including environment and ecology experts in their Boards of 
Directors. Of particular signilicance is the decision to bring two agroforestry centers (one 
in Africa and another in Asia) into the system, and tihe greater emphasis placed on 
agriculture-forest interactions. 

In general, today's tendency is toward a more integrated approach 1o farming with an 
ecological perspective, and much greater attention is given to energy, nutrients, and 
chemical inputs, as well as to the environmental impact and sustainability of production 
systems. 

TilE IMPACT OFAGRICUIIURE ON [It ENVIRONMENT 
Traditionally, fanners in tropical countries have looked upon the forest as an enemy or 
obstacle that has to be removed to gain access to the soil, which they consider the basic 
productive resource. Traditional economic theory shares this vision, and the only valuable 
components oflthe forest are lumber and land. Water, wildlife, and the forest's capacity to 
regulate climate or recycle nutrients traditionally do not form part of economic analyses or 
else are assigned zero value. 

Given that there have aiways been problems of access to land, land tenure, and land 
distribution, farmers in tropical regions have tend...d to invade the forest in the process of 
agricultural expansion. T[ile exuberanmce of tropical jungles has led Ihen to believe that 
their soils are fertile and nutrient-rich, which is totally untrue, for most nutri, nts are stored 
in the existing biomass, and soils under the forest are generally fragile and poor. 
Typically, the degradation cycle of a tropical jungle includes the clearing of areas where 
soils are best suited for forestry use, highly crodible and inappropriate for agriculture. The 
fanner first cuts down precious woods, usually inconjunction with a lumber dealer who 
offers him an access road and tilepossibility of marketing the product. Once the precious 
woods are removed, the farner is left with a forest of low commercial value, which he 
removes and burns to plant subsistence crops. When the soil erodes and yields decrease, 
he sometimes decides to introduce pasture and livestock, which Furtlher accelerates 
erosion. In many cases, he ends up abandoning the area and beginning the same process in 

similar forest areas. 

Of course, there are many other factors and causes, including direct reforestation by 
lumber dealers or cattle ranchers, which has been responsible for tile loss of hundreds of 
square kilometers of tropical forest. At present, tropical deforestation is estimated at 
150,000-200,000 square kilometers. 
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Today we are aware of the enormo., biological diversity these ecosystems contain and tie 
irreplaceable loss of this global heritage. Tropical forests may contain more than half, or 
perhaps as much as two thirds, of the earth's biological diversity, although lhcy cover only 
5% of the cartlh's surface. For this reason, deforcstation and tlie loss of biological diversity 
are Iwo of the most significant inmipacts of agricultural expansion, but not the only ones, 
since soil degradation as a result of erosion, agrochemical input use, inorganic salt 
concentra~ton in irrigated soils, and the release of residual contaminants into the 
atmosphere are problems of growing importanice. 

It is difticult to obtain reliable data ol soil crosion, since the problem is not easy to 
measure and occurs slowly over long periods. Nevertheless, in almost all tropical 
countries more than one fourth of ttie soils suffer severe erosion, and in close to half of the 
soi!s there is visible evidence oft he p. oblem. Some countries, such as Cosla Rica, have 
tried to estimate the cost of soil depreciation caused by erosion. A recently completed 
study aimed at making a strict count of natural resources in Costa Rica is particularly 
important because it is the first attempt at eslimating the value of soil loss over a 20-year 
period. 

Given that forest, soil, and fishing resources in tropical countries are being exploited 
beyond their capacity to recuperate, the entire natural resource base is undergoing 
quantitative and qualitative deterioration. Its capJacity to generate goods and services in tile 
future has been significantly affected, and we should try to estimate this historic 
depreciation. 

Estimating this loss iii physical terms and assigning it an econlomic value is difficult and, 
in general, it is not yet possible to grasp tle complexity oft lie interactions involved. For 
example, in estimating the value of forcsts, the appraisal takes into account lumber, but 
not resources such as water, energy, biodivcrsity, or climatic regulation. Nor is the growth 
in ecological tourism included, yet tourism has becomeihe second most important source 
of foreign currency in Costa Rica. Approxiiimately 1(00 tourists arrive in Costa Rica every 
day, and two thirds of thein visit natinnal parks. 

In the case of soils, the loss of nutrients was only considered as a by-product of erosion. 
Other losses caused by erosion, such as soil compaction or damage to the physical or 
chemical characteristics of ihc soil were not included. Ii the case of fishing resources, 
only the most important species was taken into account. Thius the results of the study 
reveal only a part oftihe loss suffered by tihe country. 

Ii only two decades, from 1971 to 1989, forests, soils, and fishing resources depreciated 
by more than US$ Abillion (184 bihion colones in 1984). This sum exceeds the total value 
of the Gross National Product (GNP) per year. li tihe specific case of soils, nutrient losses 
range from 1.9 billion colones in 1970 to 2.576 billion in 1989. The accumulated loss 
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exceeds 50 billion colones and represents almost 30% of the overall loss, so that if the 
other factors mcntioned above are included, the result is even more signilicant. 

It is not possible to determine tie total impact of these losses on the growth of the 
economy, but the World Rcsour-es Institute (WRI)considers that "using the simplest 
analysis, a capital loss of 5% o me GNP per year could have rcduccd the growth rate 
between 1.5 to 2, per year. Given that the historic rate was an average of 4.6%, this 
represents a 25-30% rcduction inpotential economic growth." 

Thus, in addition to the problem ot change in land use and deforestalion, the loss of soils 
and nutrients is another real cost oft hc process of change. Farmers who try to clear away 
the forest to gain access to slopes or uneven zones to practice subsistence agriculture are 
contributing to a devastation process of which they themselves are the victims, for they 
have no other o)ptions. 

Generally, goverinnent policies regarding land tenure, credit, high priority sectors, and all 
types of incentives have not fostered the preseC areas. The forest hasrvation of forest 
gciicrally been seen as a source oftprecious tropical woods, f'or when an economist walks 
through the forest, lic only considers the value of the wood and the land; all else is 
assigned zero value. 

TlE-IMIPA'cT 01"A(;IRO(IIMICAI INPUTS 
Another area of growing attention within agriculture-environent interactions relates to 
the use of agroch cmica linputs, particularly fertilizers and pesticides. Their use has 
become widespread :ill over the world, and in some regions, such as Central America, 
their impact hmlabee'i and continues to be considerable, not only because of the high 
in,.idcnce of toxic poisoijiag (mainly in El Salvador and Guatemala), but also because of 
their long-term efTects. 

The problem is complex because the use of these inputs is often illegal in their country of 
origin and they are manuflactured solely for export. Also, tropical countries have not made 
sure proper traiinig ini the use oft hesc products is provided. In general, the agricultural 
and health sector, have failed to work together on the issje. 

A case in point is the sterilization of nearly 2,0)00 banana workers with nenaticide DBCP 
during the 1970s. This case has become even more notorious because the State of Texas 
accepted jurisdiction over the demands of workers, who stied the maiufacturcrs (Shelh and 
Dow Chemical) and the baainna compauy, Standard Fruit Co. 

Tie improper use of agrochemical inputs is caused by ignorance and irresponsibility on 
the part of many players, including inanufacturers, governments, importers, traders, and 
users. Negligence in the use of these products means that they are released into the 
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environment, and the total discharge into rivers and oceans is extremely high. For 
example, Florida marine biology laboratories detect levels of pesticides forbidden in the 
United States that come from Central America and Mexico. 

Another growing concern with respect to the use of pesticides in agriculture is the so­
called "toxic cycle." Typically, a pesticide that may not be legally used in the United 
States or Europe is applied to produce vegetables, fruits or plants for export in a 
developing country. The forbidden pesticide thus "returns" to its country of origin in the 
exported product. 

A few weeks after the Texas Courts granted the banana workers' demands, a shipment 
from Costa Rica was, for the first time, rejected in the United States because of the 

excessive use of pesticides. 

Even in industrialized countries, this is a difficult issue that may be a source of recurring 
conflict. For example, growth-enhancing hormones may be used on cattle in the United 
States but are banned in Europe, and Italian wines are kept from coming into the United 
States due to the presence of pesticides that have been banned in that country. 

To sum it up, there are three consequenccs of agrochemical use. Thc first is their 
contribution to total input costs. Since they are generally iamporicd, their cost is high and a 
cause for concern. The second is their impact on the health of agricultural workers. There 
has been considerable pr,,gress in this area, hut there are still alarming examples in which 
innocent, defenseless groups are exposed to very high risks. 

The third is their effect on agricultural products themselves and on the environment, i.e., 
water, soil, and air. Large amounts of nutrients and pesticides are washed from 
agricultural areas into rivers, lakes, and oceans, reaching all comers of the earth. Today, 
all human beings, and even penguins in the Antarctic, carry small amounts of pesticides in 
their fatty tissues. This is one of the small but significant changes that have occurred over 
the past 50 years. 

CONCLUSIONS 
The earth's continents extend over 1.15 million square kilonmeters, of which only 0.32 are 
potentially apt for agriculture, and only some 10-15% of this land has appropriate physical 
and chemical conditions. Thus, land suitable for agriculture is an extremely important 
resource, which is being lost at an annual rate of 50,000-70,000 square kilometers. Others 
estimate that global soil losses through erosion and degradation exceed 38,000 million 
tons over the last 300 years. 

Although there is no consensus on their real value, it is important to note that these losses, 
together with deforestation of tropical forests, are the two most significant factors 
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contributing to the global impact of agricultural activities on the environment. There are 
also other important factors associated with the use of water and chemical inputs, 
particularly herbicides and pesticides. 

To counteract these impacts, various measures have been proposed, from the adoption of 
traditional metheds, multiple cropping with good interactions, preservation of indigenous 
germplasm, integrated pest nlanagement, and sustainable agriculture. These measures aim 
at making maximum use of natural inputs and promoting biological control to minimize the 
use of fossil fuels and chemical inputs. Similarly, they should lead to the adoption of soil 
conservation practices and agrolorestry experimentation. 

Although their usefulness is not universally accepted, the potential of more integrated 
agricultural systems, sustaivible forest management, and intermediate production 
practices, particularly for buffer zones around protected areas, is increasingly being 
recognized. 

RESPONSE 

RENI'i- LAI'ITE 
ACTING Coom)IN,-iOR, AGRONOM Y/PItYSIOI.OGY S IPII'ROGRAM 

CIMMYT MAtzl- PROGRAM 

Agronomists around the world welcome thle increasing public awareness that agriculture is 
an activity that has far-reaching environmental consequences. I appreciate the opportunity 
to respond Dr. Umaia's interesting comments on this topic on behalf of CIMMYT's 
agricultural scientists. Because I believe that we are all in agreement with Dr. Umafia's 
conclusion that the interaction between agriculture and environment is of great importance, 
I will not elaborate on that point. Instead, I would like to simply provide some concrete 
examples of CIMMYT activities that ha-,e direct implications for the three principal areas 
of enviromnental impact mentioned by Dr. Umafia: I) the demand for increased 
agricultural lands and resultant deforestation in tropical areas, 2) soil erosion, and 3) 
pollution due to agrochemicals. These exampl-s might serve as indicators of some future 
research directions that will be required to address environmental problems. 

CIMMYT has traditionally invested the majority of its resources in gerlnjplasnl 
development. The development of new, high yielding varieties has been a key factor in 
reducing the need to move agricultural activities onto marginal lands, such as recently 
cleared tropical forests. While the total area planted to maize in developing countries, for 
example, continues to grow at a rate of 0.8%/year, the growth rate of maize production is 25 



3.5%/year. Cle arly, the main source of the increase in production is higher yield, which 
requires the use of input-responsive varieties. Were such varieties not available, farmers 
would have been forced to open much more new land for cultivation during recent 
decades to meet the demand for food, frequently moving into ecologically delicate 
regions. 

As Dr. Unafia has mentioned, improved varieties, being more input-responsive, 
encourage the use of inputs by farmcrs in developing countries. We have found that, in 
gcncral, improved varieties of both wheat aid maize perform better than do traditional 
varieties at both high and low levels of inputs. To fully exploit their potential, though, 
they should be grown using improved agronomic pnctices. Efficient and responsible 
management of these inputs is essential to avoid negative environmental consequences. 

In addition to developing germplasim for high yield potential environments, both the 
CIMMYT Maize and Wheat Programs have been working on germplasm for acid soils. 
About I billion hectar._'s inthe tropics antd subtropics are affected by soil acidity and 
much of these areas are olhicnvise suilable for crop production. If these areas can be used 
for agriculture, more marginal areas can ibe cI'tout of production. In wheat, materials 
improved for tolcrance to acid soils clearly OUtperform susceptible varieties. As is true of 
many varietal improvements, thrc is strong interaction between a genotype and crop 
management technology for acid soils. 

Gennpi ism developmcmii activities that will have an impact on the use ofagrochemicals 
include CIMM Y'F's eflforts to exploit host plamt resistance to insects and diseases, thus 
reducing the nic.d for pcsticides and fungicides. In the Wheat Program, steady 
improveine nt in disease resistance accounts for a yield increase of 2.9%/year in areas 
where leaf rust is an importat factor. If these resistant varieties were not available, it is 
estimated that, on average, at least 55' of the "levelopingworld's wheat crop would be 
lost due to eflects of rust alone-a total ot"5 million tons of wheat per year. 

Results of breeding for insect resistance in the Maize Program have also been promising 
and are now a t lie stage where insecticide applicalim results in a yield increase of only 
about 5%, greatly reducing tie need for farmers to apply such chemicals. 

Chemical fertilizers are another class of agrochiemicals that, when over-applied, result in 
damage. To address this problem, the Maizc Program began work in 1986 on genotypes 
tolera nt to low soil N. Results indicate that improved materials recover more of the N 
available inthe soil at both low and high levels of fertility, indicating that they would 
allow less of the fertilizer that is applied to be lost into the environment. 

I would like to now mention some crop management research initiatives at CIMMYT 
with implications for susta inability. While ge nrplasm has an important role to play in 
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determining the impact that agriculture has oil the environment, real advances in the 
development of sustainable agricultural systems have to come through research oil crop 
and resource management. 

As Dr. Umafia has noted, soil loss due to water erosion is one of the most important 
proccsscs that must be controlled to maintain the productivity of agricultural lands. This is 
true, particularly in sloping areas. The maintenance of a protective cover of crop residues 
on the soil surface through some system of conservation tillage is the best solution we 
have to the problein of soil crosion, anid has additional bcnelits in the conservation of soil 

moisture. Conscation tillage tcchnology is well established in temperate regions, but will 
require modifications to adapt it to many areas of the tropics. For example, in many areas 
the residues have alternative uses primarily as forage for livestock, and farmers are 
reluctant to leave the residues in the field. In areas with two crop cycles per year, the 
residues can serc as a reservoir of insects and diseases, meaning that crop rotations need 
to be carefully planned. 

CIMMYT agronomists are addressing these research challenges in collaboration with 
national programs in Central America for maize and in South America for wheat. We 
hope to expand projects here in Mexico to work on conservation tillage technologies for 
both crops. 

The Economics Program is also actively involved in work on conservation tillage, 
especially in identifying the environmental, economic, and political factors associated with 

the successful transfer of this technology to farners. 

Another technology that is available to minimize soil loss and improve soil nutrient status 
in maize is the use of legume cover crops such as Stizalobium or Canavalia spp. in the 
humid tropics. These species are incorporated into the system either as a green manure or 

intcrseeded into the maize crop at some point during the season and tremendously improve 
the protection givcn the soil. 

CIMMYT agronomists are working on this technology in cooperation with national 
programs in Central America. The Economics Program is also involved in evaluating the 
use of mucuna in such systems in Mexico and Honduras. In addition to reducing soil 
erosion, these green manure species can reduce land preparation costs, increase soil 
organic matter content, and stabilize yields. 

Other issues of sustainability, such as the maintenance of soil chemical and physical 
properties, are even more difficult to quantify than soil erosion. For example, the 
productivity of the rice-wheat rotation that presently covers almost 18 million ha in Asia 
appears to be declining in some areas. The underlying causes of this decline are now 

under investigation by CIMMYT scientists in cooperation with national program scientists 

from many disciplines in the Asian region. 
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Dr. Umahia has made the important point that we must include addilional criteria when we 
assess the success of agricultural technology. As world population increases, food 
production must increase as well, but that increase cannot be at the expense of the natural 
resource base upon which agriculture itself ultimately depends. It is clearly preferablc to 
increase production on cxisting cultivated lands, rather than opening up less appropriate 
areas to agriculture. These goals-more f'ood f'ro existing farmland without degradation 
of the en ironmcnt-imp!y that we canlnot turn away from technology and intensive 
agriculture. All speakers this morning have emphasized the need for new knowledge and 
new technology. The need to protect the environment while increasing f'ood production 
presents a challenge for all of us to increase our cfforts to develop creative, efficient crop 
management technologies and the gcrmiplasmn to effcclively utilize those management 
practices. 
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FUTURE SCIENTIFIC 

CONTRIBUTIONS 

TO MAIZE AND WHEAT 

SIR RA .P Rui-

UNINVRSITY 01: CANI3RIDGF,,
 

EN;ILAND 

ABS'TRACT 

Disciplines such as molecular and cell biology present 
several new scientific opportunities that are relevant to 
CIAIAYT's mission and build on CIAI:I1T's existing 
strength in plant breeding and other areas o]1research. 
These opportunities include RFLP mapping, in, hich 
CIAMIT is alreadY involved. CIAMIYT could also benefit 
firom other innovative technologies b7y 1) acquiring methods 
that help determine whether ihe ge'nome structureofa 
recurrent parent has been adequatelv restored before field 
testing takes place; 2) developing the wheat map to a state 
where it is possible to track each resistance gene by its own 
RFLPmarker, which would simpli]fi the process o 
p)vramiding resistance genes; 3) ex[)loring how generalized! 
durable forms of resistance can he better understood and 
exploited in crop protection;and 4) close/v tracking re­
search concerned with proteins that protect plants against 
low or high temperatures,since the Center has responsibili­
ties in countries where evtreme climatic conditions prevail. 

It is an enormous pleasure to he present at the celebration of 

the 25th Anniversary of the establishment of CIM MYT. I 
bring not only my own personal greetings but also those of 
the International Center for Agricultural Research in the Dry 
Areas (ICARDA), on whose Board I serve, and of the 
Rothamstcd Experimental Station (RES) where I chair the 
Board. Anniversaries are occasions for looking backward as 
well as forward ard at Rothamstcd we are at present 
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planning the celebration of our 150th annivcsary, for tie Station was established in 1843. 
The foundations of CIMMYT and Rothamsted werc similar ini that each vas created after 
the initial demonstration of successful technology. At Rothamstcd, before 1843 John 
Bennett Iawes had already shown that superphosphate fertilizer, which he made by treating 
bones with sulfuric acid, greatly inproved crop growth by making phosphatc consistently 
av'ilable. Thus mineral fertilizers were used for tile first time and flarners began to exploit 
knowledge of nutrient cycling. 

At its inception, CIMMNIYT was able to exploit knowledge of tropical, subtropical, and 
highland maize that had been assembled by its predecessors who had worked in the 
Cooperative Agricultural Research Program between the Mexican Ministry of Agriculture 
and the Rockefeller Foundation. It has also continued research on the exploitation of semi­
dwarfing genes and related attributes in wheat that had been developed in the Cooperative 
Agricultural Research Program. The leader of that Program for tite Rockefeller Foundation, 
Norman Borlaug, became tie Director ol ('IINIYT's Wheat Program. The first senidwarf 
varieties such as Pitic 02, Side Cerros, and numerous others we:c already well into use 
(Borlaug 1-;68) by the time CIMNIMYT came inlo existence. So CIMMYT, like Rothamsted, 
was well founded ott new and intovative technology that had already been proven in 

practice. Perhaps there are Icssots here f rthosc engaged itt institutiot building-nanely 
that success will be more fully and rapidly achieved when the new institution is able to build 
oil existing successes. 

Entirely new thinking was brought into wheat science--the exploitation of short-statured, 
fertilizer-responsive, day-length ncutral gcnotyles, handled by newly developed breeding 
technology that exploited shuttle breeding and enonnous populations of early generation 
segregants. All o! tis is well understood now and I should not come to CIMMYT to tell you 

about your own successes except for two reasotns. 

The first is to congratulate you ott what I ant sure is the mlost acceplable birthday present 
you could possibly receive-lhe fact that, in1990-91, world wheat production is estitnated 
to have been 589 metric tons, and greater than ever before. CIMMYT's 1990-91 World 
Wheat Facts and Trends (CIMMYT 1091) modestly ascribes this record harvest to ai 
expanded acreage and to favorable Northern etiemisplere weather. All of us who are 
admirers of CIMMYT know that it would not have been possible without the wheat 
production technology ba ,.ott work started at CIMMYT. 

The second rea:;on is to point out that CIMMYT is an institution founded on innovations and 
o:t new strategic thinking about wheat science and, as shown by disease and insect 
resistance and grain qua!ity, oittilaize science. With this background, it may be expected to 
respond eagerly to relevant i twmetlhods and alpproaches that give promise of improving the 
lot of maize and wheat farmers itt developing countries. It is a pleasure to see that CIMMYT 
is receptive it,novel approaches to crop improvement in that it has att activity in applied 
molecular genetics, that wide hybridimftiot occupies a prominent part inthe Maize and 
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Two CULTUrEs 
My anxiety about this is because I was fearful at one time that CIMMYT was to fall into 
onl, "-. of the two cultures into which I detect crop research may be dividing. I use the 
term "two cultures" by analogy with the description given to intellectual life in Britain in 
the 1960s and 70s. It was used by those who visualized an unbridgeable divide separating 
those individuals and institutions whose intellectual stimulus came from the arts and 
literature and those whose thinking was centered eatirely on science and technology. Why 
I fear crop research may he dividing in a similar way can be illustrated by one important 
meeting that has just occurred and one that is to take place in July 1992. They are, 
respectively, the Third International Congress of Plant Molecular Biology held in Tucson, 
Arizona, in October 1991, and the International Crop Science Congress to be held in 
Ames, Iowa, in July 1992. More than 3,000 people were at the Tucson meeting and 
Kenneth Frey, Chair of tire Ames meeling, said that lie expected ain excess of 2,000 there. I 
have compared those making presentations in the form of plenary lectures or at symposia 
in tire two meetings. So far as I can make out, tIhere are only four people contributing to 
both meetings and one of thcse, Johln Barlon, concertrates on intellectual properly rights 
rather than experimental science. Of course, I recognize there may be some who are to 
participate in both meetings ''ho are not listed in the main program and others who 
consider that two international meetings within a year of each other is too much. 
Nevertheless, I worry in case what I am detecting is a division in the science relevant to 
agriculture. If this were so, it would bc to tie disadvantage of those who depend on 
agriculture, including those who have benefitted and continue to benefit from the work of 
CIMMYT. 

For the foreseeable future, genetic crop improvement will continue to depend on field­
base(! selection and testing, but it should not ignore the help that can be provided by other 
disciplines. 

The place of molecular and cell biology is to be the hand maiden of plant breeding so that 
it is important that each understands tire other if the maximum synergism is to apply. So I 
an anxious about the two cultures that I begin to perceive and welcome riy impression 
that at least this is not happening at CIMMYT. 

We were confronted by this problem at the Plant Breeding Institute in Cambridge in the 
late 1970s when molecular genetics was beginning to grow there. Scientists vho worked 
with the well established and successful procedures for breeding new varieties felt 
threatened by tie new approaches opened up by molecular biology. So the new technology 
was resented. This occurred even though there was no reduction in the money spent on 
established breeding approaches and molecular biology always brought in new money. 
Such Luddite tendencies set back the progress of crop science. (Around the period 1810­
1820 the gangs that destroyed machinery in opposition to the Industrial Revolution in 
England were called Luddites-a name now applied to all who oppose beneficial change.) 
The situation eased at Cambridge over the years, particularly when new methods such as 
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nucleic acid leaf spot testing for the presence in individual plants of viruses made 
selection for virus resistance morc accurate, and the clectrophoresis of wheat storage 
protein improved the efficiency of selection for bread-making quality. From this, the onus 
may be placed on molecular geneticists to show to breeders thai they can help in the 

breeding process. 

CIMMYT's RESEARCH PORTFOLIO 
In inviting ne to come to CIMMYT for these celebrations, the Director General suggested 
that I might like to consider new scientific opportunities that are relevant to CIMMYT's 
mandate and mission. 

I approach this request with some trepidation because of my recollections of the two 
memorable occasions in 1976 and 1988, when I chaired External Program Reviews of 
CIMMYT. The differences in perspective obtained by external and internal observers 
become very clear. In relation to its future, however, I imagine there can be no argunment 

that CIMMYT should build on its existing scientific strenglhs. These, of course, lie in the 
field of plant breeding, the mnanipulation of disease and insect resistance, wide crossing, 
and the physiological control of physical factors, like soil toxicity, that limit crop 
productivity. Much of the tatter work has contributed to CIMMYT's participation in 
research on crop mlanagement in which it will be increasingly involved following the 
expectation in the Strategic Plan that, inthe decade of the 1990s, greater improvements in 
crop production will come froni crop manageeniet rather than from plan breeding. 

My conceri about research inplant molecular biology is much influenced by ny 
involvement, as a member of the Scientific Advisory Committee, in the Rockefeller 
Foundation International Program on Rice Biotechnology. For those who are not familiar 
with this Program, it has been nniing siice I984, and its purpose is to undertake research 

that will increase the production, reliability, and nutritional value of rice crops grown by 

poor farmers indeveloping countries. The work is undertaken by complementary research 
groups in numerous industrial and developing countries aillwith the same overarching aim: 

that is to say it is an inteniatio nal research network. 

CIMMYT's great strength has always been inplat breeding. Look at the strategic and 
socially successful breeding research using scm idwarfing genes, large-scale shuttle 
breeding, and oilier innovations inwheat. What are the new opportunities in this field? 
One has already been recognized in RFLP (restricted fragment length polymorphism) 
mapping. CIMMYT is already well launched on this kind of research in maize. Linked­
marker breeding is already a potential reality in naize where there is a nearly saturated 

map and advantageous chromosome segmenlls can be tagged and traced through breeding 
prograns (Murray ct al. 1991). 

Due to the leadership of Dr. Steve Tankslcy of Cornell University, there is now a RFLP 

map for rice with about 450 markers with an average distribulion of 5 cn between loci. 
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This rice map can already be used to breed for blast, bacterial blight, and white-backcd 
plant hopper resistance. Perhaps more important in the rice program is that scientists from 
many developing countries have been trained at Cornell and IRRI and by special 
travelling-trainer work undertaken by Gary Kocherl of the University oi Georgia. fie 
prepared laboratory manuals and toured eight Southeast Asian countries to leach RFLP 
mapping. If it has not already done so, CIMMYT could transfer the RFLP gospel to 
national agricultural research systems (NARSs) with maize breeding programs so that they 
can develop maps, using CIMMYT probes, in their own important genotypes and so 
provide markers for genes that are especially relevant to their own breeding programs. 
Then they will be able to solve agricultural problems that are specific to their own regions. 

RFLP work in wheat is underway in several laboratories and a tentative start has been 
made in CIMMYT. I ain most familiar with the work of Mike Gale and his colleagues in 
Norwich, England. They have discovered about 100( markers and assigned them to 
chromosomes and about 350 of them have been precisely mapped. 

At this point it is appropriate to say soinethi ng aboul interspecies crossing; a field in which 
CIMMYT has worked since its first involvement with triicaiL, which I suppose started 25 
years of so ago. Some of the fecent products of CIMM YT's Wheat Program were derived 
by wide crossing. These are the Veery wheats, which contain a segment of rye 
chromosome IR originally transferred to wheat chromosome I B in what was then called 
East Germany. Subsequently, ambitious research on wide hybridization has been pursued 
in wheat and maize. 

Tracing segments of donor alien chromosomes introgressed into recipient wheat or maize 
genotypes is one of the problems faced by cytogencticists workig on such programs. Two 
new tracking sclhemies have become available in the last few yems, v'hich CIMMYT 
should acquire if it has not already done so. The first oftlhese is gelnome blocking, well 
described by Heslop-Harrison c al. (1 (t()) in which dono genomic DNA can be 
distinguished from recipient DNA by in situ DNA-DNA hybridization il cy:tlogical 

preparations. So the presence and location oft he DNA introduced with agriculturally 
valuable gene(s) can be accurately detcnlincd. A further method described by Jla et al. 
(1991) was applied to material in which the brown pta if jiupper resistance of Ortza 
officinalis w'ms introgressed into 0. saliva. Segments of O. officinal*s DNA recogni;:ed by 
their RFLP sequences could be revealed by changcs in tie O. saliva me. So that before 
field testing takes place, the nature of the change in the recipient DNA can be ascertained 
by these two methods that enable judgements to be made as to whether the genomne 
structure of a recurrent parent has been adequately restored. 

I remember at the time of the 1976 External Program Review we discussed at length with 
our CIMMYT colleagues the pyramiding of genes for disease resistance so that the 
broadest possible genetic protection could be provided. CIMMYT was faced with the 
problem that the high yield potential of its wheat genotypes was not attained in some 
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places because of the presence of virulent races of pathogens. Pyramiding of resistance 
genes -itdifferent loci is possible when each gene provides resistance to a different race of 
the pathogen and selection can be practiced using infection by cach race separately. This 
is a cumbersome procedure and is simplified if each resistance gene can be tracked by its 
own RFLP marker. CIMMYT should aim urgently to get the wheat map to a state where 
this is possible. 

There has been much concern among plant breeders that reliance should be placed where 
possible on so-called "durable" resistance: a term I think first used by Johnson (1981). 
Durability implies a form of generalized disease or insect resistance that is long lasting, 
possibly because it is incomplete and therefore does not exercise the same selection 
pressure on the pathogen as does total resistance, which subsequently proves to be race­
specific. I would like CIMMYT to ask questions about how gencralized/durable forms of 
resistance can be better tnderstood and exploited in crop protection. This is prompted by 
progress being made in the Rockefeller Foundation Rice Biotechnology Program by Chris 
Lamb (Dixon and Lamb 199)) of tlhe Salk Institute. fie points out that plant resistance to 
disease attack depends upon inducible defenses that include phytoalexin production, 
reinforcement of cell walls by the synthesis of lignin, callose, and hydroxyproline-rich 
glycoproteins and the synthesis of lytic enzymes such as chitinase and glucanase that 
break down the cell walls of invading palhogeus. The molecular mechanisms underlying 
these defenses are beginning to be understood and capable of manipulation. Many of' the 
enzymes involved are already known so that interventions in their activities are in 
prospect. CIMMYT cannot negect this rapidly developing field with its potential for the 
long-lasting protection of' crops from diseases and insects. Whether it should have in­
house work or whether it should get as close as possible to laboratories in industrialized 
countries where the work is undcrvay is for the decision of' CIMMYT's policy makers. 
Similar work to that on rice occurs on nmiizc (Nasser ct al. 1988) and barley (Swegle et al. 
1989) and numbers of other planit species. 

I believe that this is an area of science due for rapid growth over the coming decade in 
ways that were unexpected when molecular biology first began to be applied to plants. 
Although we could forcsce benefits coming froni manipulations where the plant's active 
resistance component was the first product of the gene, there seemed little chance of 
breakthrough where systems involved intermediary metabolism. However, as has been 
outlined above, some of the processes of intermnediary metabolism, as in fungal and 
bacterial disease icsistance, arc now opening up. The same applies to plants' responses to 
physical components of the environment. A major area of research is now concerned with 
proteins that protect plants against low or high temperat tires (Barros et al. 1991). This is 
also a field that should be walchcd closely by CIMMYT because it has responsibilities in 
countries where extreme climatic conditions prevail. 

Dr. Winkelmalin in his note to me specially asked about CIMMYT's role in plant 
transfoimation, mentioning the UNDP-CIMMYT agreelnent. Since I don't know what is 
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agreed between CIMMYT and UNDP ly response to the question is entirely 
unprejudiced! A transformation system has been developed for Japonica rice and is 
deployed in several laboratories. It uses the protoplast methodology mostly with 
polyethylene glycol (PEG). Transfornation with lndica rice has been successful, but the 
technology is rot as well established as with Japonicas. Research is also supported on the 
biolistic and Agrobacterium methods. The position is that although transfonnation has 
been achieved in rice it is still at the experimental stage. There is not, as yet, a technology 
that can be used routincly as a component in a breeding program. This is after more than 5 
years of work in several good laboratories with talented people. I believe that 
transformation is more advanced in rice than inany other cereal species, perhaps 
including maize, although I am not aware of how effective are the systems available in the 
private sector for maize. 

In rice before transformation can become part of a breeding program it will be necessary 
to address the problems of scale-up. Scale-up in any kind of technology development 
presents problems that are different from those of the early experimental stage. In 
li nsorma tion it will 5e necessary to have methods that create primary transfornianis in 
numbers that enable the selection of genotypcs with the stable insertion of tileintroduced 
DNA, where its position(s) in the recipient DNA is phenotypically optimal, with 
expression in the target issue at a level that enables optimial translation of the new genes 
and without other deleterious changes of the recipient genotype. What order of ,numbers 
will be necessary to achieve these features will no doubt depend on the crop involved. No 
doubt it will relate to the size of the genome oft he recipient species and its ploidy level. A 
minor branch of population genetics may emerge from the consiJeration of these factors. 
Finally questions relating to release must be addressed. For example, will it be permitted 
to release for human consumption crops whose genotypes carry genes that code for 
antibiotics? Sitch genes are employed experimentally to enable tileselection of 
tra ns fo rlna nts. 

What I am saying to you is that tileprocess is not just, "Gee whizz! We've got a 
transformant!" The factors that I have listed must be taken into account before there is an 
exploitable techuology. When transformation technology is perfected, standard plant 
breeding methods will need to be applied to its products. 

The strength of CIMMYT is not its ability to find new pathways in science, but to apply 
science for the benefit of mankind. In that context research oin transformation is perhaps 
better left to others. CIMMYT should come in when experimentation has produced usable 
technologies that will enhance the production of maize, wheat, barley, and triticale. 

FINAL Wotu)s 
Perhaps incautiously I have responded to the request to draw up a scenario for the future 
of part of CIMMYT I readily acknowledge that someone with different experience might 
well have talked about CIMMYT's future in crop modelling, crop physiology, data 
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processing, or other components of your corporate life. I hope that I have not made this 
celebration too solemn. For we zre serious but not solemn. 

I frequently visit international agricultural research centers and when I do, an extract from 
the writings of that great Irishman, Jonathan Swift, always comes frivolously to my mind. 
In describing, in 1727, Gulliver's Travels to the Academy at Lugado in "A Voyage to 
UIputa," he wrote: 

"The first Man I saw was of a meagre Aspect, with sooty Hands and Face, his Hair and 
Beard long, ragged, and singed in several Places. His Clothes, Shirt, and Skini were all 
of the same Colour. He had been Eight Years upon a Project for Extracting Sunbeams 
out of Cucumbers, which were to be put into Vials henneticaily -Cealed, and let out to 
warm the Air in inclement Suin-2rs. He told me, lie did not doubt in Eight Years more, 
that he should be able to supply the Governor's Gardens with Sunshine at a reasonable 
Rate; but he complained that his Stock was low, and intreated me to give him 
something as an Encouragement to Ingenuity, especially since this had been a very dear 
Season for Cucumbers. I made him a small Present, for my Lord had furnished me with 
Money on purpose, because lie knew their Practice of begging from all who go to see 
them." 

This does not accurately portray a Center, but there is enough to make it seem relevant. 
There is the project-centered devotion to the job. The optimistic concentration on a long­
term project (notice even in 1727 it was called a "project"). And then as now, there was 
not enough resource to do the job because costs had increased unexpectedly so more was 
needed! I don't want to push it, but isn't there some similarity? 

THE FUTURE 
CIMMYT has contributed creatively for 25 years to maize and wheat improvement. It has 
done the equivalent of releasing sunbeams from phials by increasing the amount of carbon 
fixed by sunlight in the form of food. 

It is impossible to forecast where crop science will go during the next 25 years during 
which the population of the world will more than double. Our scientific effectiveness will 
need to improve greatly to meet the problems of food supply that will be created. But who 
would have predicted when CIMMYT was founded that 25 years later we should be on 
the verge of improving greatly the efficiency of plant breeding. Twenty-five years ago 
transformation would have been an impossible dream. What scientific opportunities will 
emerge in the next 25 years? All we can ever say about the future is that it will be different. 

There is no more noble achievement than that of CIMMYT, which is enabling farmers, 
through the national agricultural research systems, to increase the supply of food for the 
poor. May you long continue your commitment to this vital task using whatever science 
and technology that enables you to do it efficiently. 
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RESPONSES 

Luis HERIERA-ESTRELLA
 
HEAD, DEPARTM ENT OF PLANTF MOt.FCUI-Aiz BIOLOGY,
 
CENTER FOR RF-StI-ARZCI ANI) At)VANCIED STUDll'S
 
(CINVESTAV), MF.XICAN NAIONAI. POIx'nTCIHNIC
 
INSTITUTE. (IPN)
 

With respect to modern agriculture, Sir Ralph Riley expresses a very real concern for the 
separation between breeders and molccular biologists. I think this separation is a 
temporary one and is due above all to problems of language and understanding between 
two generations with c!istinct traditions. Nevertheless, I think in the last 3 years there has 
been a very important rapprochement between breeders and molecular biologists or 
biotechnicians, which has not only created an awareness that breeders and molecular 
biologists should be on friendly terms, but also that some day they will have to band 
together. Perhaps a good example of this is my presence at this event. 

I am not a high level Mexican government official nor am I a director of an international 
institution. I am a biotechnician and a researcher and I believe that CIMMYT requested 
my participation in this event due to its interest in the new technologies that will probably 
have great impact on the development of modern agriculture. To its credit, CIMMYT 
decided to include aspects of molecular biology that serve to establish communication 
between biotechnology and traditional plant breeding. I am convinced this will have a 
synergistic effect that will make for a more efficient application of these techniques in 
national breeding programs in developing countries. 

The implementation of molecular techniques for genetic mapping at CIMMYT seems to 
me a great plan that may produce two major benefits in the near future. One of them is 
using this technology in breeding programs for transferring quantitative characters into 
new gernplasm more efficiently. The second, and perhaps more important, is establishing 
the use of this technology in national programs, for which important steps are already 
being taken by CIMMYT. 

The establishment of nonradioactive techniques for the detection of nucleic acids is of 
great relevance. Given that many countries do not have the infrastructure to manage 
radioactive materials, the transference of this technology to national programs is complex. 
Thus, the development of nonradioactive technologies will facilitate the transference of 
molecular techniques to national institutes. 
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Sir Ralph also mentioned that great advances are being made toward understanding the 
molecular processes that control plant response to pathogen attack or environmental 
stresses. I believe these advances indicate that, in the not very distant future, biotechnology 
will have great impact ci agricultural development, above all in countries having an 
insufficient food supply, in comparison with developed countries where ius major impact 
will be to reduce production costs. 

In this case, it is a matter of increasing productivity of already cuitivated lands. Exampies 
of what biotechnology is already producing include insect resistance, which has been 
incorporated into many plant species; the lengthening of tomato shelf life from 15 to 120 
days; and increasing potato starch content up to 30%. In view of this vast potential, it is 
worth posing a very relevant question: How fhr should CIMMYT go in implementing 
molecular techniques? How far call it go without impinging upon its traditional plant 
breeding function? 

I believe that this problem may be illustrated with the rice biotechnology program funded 
by the Rockefeller Foundation. In my opinion, this has had great impact on rice research, 
not because it has received strong financial support, but rather because developed and 
developing country laboratories participating in the program were carefully selected, and 
especially because of the collaboration between plant breeders and biologists. Of special 
relevance is the participation of the International Rice Research Institute (IRRI), whose 
scientists have contributed basic knowledge on rice and on-fann research experience, 
without trying to solve molecular problems. The cooperative programs they have 
established are worth studying. 

Something else I should mention is that until little more than 10 years ago agricultural 
research had developed in an almost perfect environment, where there was free germplasm 
exchange, free technology transfer, and a surprisirlgly agile information tow. With the 
advent of genetic engineering, that world is being transformed into a universe of patents 
and legal and informational restrictions that is, I would say, a negative consequence of this 
innovation, although it has its positive aspects. Thus, CIMMYT and other international 
centers will have to seek mechanisms that facilitate and guarantee the efficient transfer of 
technology to developing countries. It is essential to underscore that, in our countries, 
technology is more important than in developed countries, since it contributes to 
maintaining our sovereignty and pfomoting our economic development. 

Finally, I would like to say that CIMMYT should not become a biotechnology research 
center, since basically its strong suit is plant breeding, although it may put the tools that 
biotechnology offers to good use. I think RFLP mapping and the use of other related 
technologies is right on target, as mentioned by Sir Ralph. Nevertheless, it would be a great 
loss for world agriculture if CIMMYT dedicaled itself entirely to molecular asoects. It 
would be even sadder if it were forced to do this because of budgetary constraints, a fact 

that donor agencies should not overlook. 
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SANJAYA RAJARAM
 

LEADER, GERMPLASM IMPROVEMI.ENT SUBPROGRAM,
 
CIMMYT WHEAT PROGRAM 

I would like to thank Sir Ralph for the very positive words he has spoken about 
CIMMYT's success. He said "CIMMYT has contributed creatively for 25 years to maize 
and wheat improvement". And he added, "there can be no argument that CIMMYT should 
build on its existing scientific strengths. These strengths, of course, lie in the field of plant 
breeding, the manipulatio' ifdisease and insect resistance, wide crossing, and control of 
physiological factors, like soil toxicity, that limit crop productivity." Then he Went on to 
promote the interaction of current biotechnological tcchniques such as RFLPs and genome 
blocking as handmaidens to plant breeding. Sir Ralph has very strongly emphasized these 
two techniques and has mentioned various other concepts and philosophies only 
ephemerally. I would like to emphasize some of these others a bit further. 

Documents of CIMMYT's Strategic Plan and Third External Program Review outline the 
research agenda into the next century. Disciplinary research is given a high priority. I 
firmly believe that plant breeding (commodity-oriented) and disciplinary (strategy­
oriented) interactions are highly desirable. At times, these evolve into forms of different 
cultures as Sir Ralph has noted inhis presentation. One of the dangers is that this could 
happen at CIMMYT. I must agree that resource allocation to plant breeding relative to the 
pre-strategic plan years has not declined; but relative to other disciplines, it is shrinking, 
especially in wheat. 

Sir Ralph did emphasize that high priority should be given to durable disease resistance in 
wheat and maize. As you may be aware, the threat of stei rust of wheat has been 
contained globally for the last 30.years-since the beginning ofsemi-dwarf era. Breeding 
for slow rusting of leaf rust began in the early 1970s; the fruits of this research have been 
improved bread wheat gernplasn available globally since the 1980s. No major epidemics 
of leaf rust and stripe rust have been reported for the last 11 years, especially on varieties 
with slow rusting genes. The methodologies employed to achieve these systems have been 
internatioial multilocation testing for identification of slow rusting genes, shuttle breeding 
in Mexico, tid finally quantification of rust response in improved materials. I believe 
these are classic examples of how slow rusting genes can be spread over a large number 
of improved materials suitable in different mega-environments. We are still haunted by 
the epidemic caused by the Southern Blight race T on maize in the USA's Southern Corn 
Belt. That is why diversity of resistance and stability of performance are very central to 
widespread cultivation of HYVs of both wheat and maize and why maintenance breeding 
should remain a high priority activity of CIMMYT. Some of these genes are now genetically 
classified and molecular marking of these could enhance the maintenance process. 
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High stability of performance and wide adaptability by mega-environment, combined with 
high yield potential. should remain tie central core of gcrmplasm improvement in maize, 
bread wheat, durum wheat, triticale, and barley. Utilization of wide crosses, distant gene 
pools (spring x winter), and intcrspecific hybridizaztion could play a great role in 
broadening genetic diversity and widening adaptability. Industrial quality issues will 
become paramount as long as we maintain a positive food balance in the world. 

Breeding for abiotic stresses was re-invcnted after the Strategic Plan process; I believe it 
should remain on the research agenda. In many circumstance,;, germplasin bred in 
optimum environments has also done well in marginal areas. The case of Pakistan, 
illustrated in the 1990-91 CIMMYT Facts and Trends Publication, is a good example. It 
appears that genetic variability for drought, heat, and salinity is narrow. Wide crossing 
programs could play a great role in transferring to maize and wheat good, reliable and 
quantifiable sources of genetic variability. This is where RFLPs and physiology could play 
an important role in strengthening plant breeding. 

What about the outreach? Many national programs are still weak and they need 
CIMM'T's help despite the fact that there is assertion from some quarters that this is 
counter-productive. 

Finally, I believe that we do not have to divide CIMMYT into "old" and "new". It has 
continually evolved since its birth 25 years ago and before that under other names-and it 
will continue to evolve. 

In closing, I would like to recognize in the audience today the Founding Fathers and 
Pioneers of CIMMYT and I want to thank them for their vision and dedication. 
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EXPECTED CHANGES IN WORLD 

CEREAL ECONOMIES 

OVER THE NEXT 25 YEARS 
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ABSTRACT 
A short review of trends in the world cerealeconomy over 
the past 25 years is followed by projections of changes that 
can be expected in the next 25 years. World demand for 

cereals, Jielled mnainlY by population increases as well as 
b' changing tastes and incomes, is projected to grow at 2­
31r a Year in the next 20 Years. Most ofthe growth will be 
in the developing countries, who will frequently be in need 
of the transfer ofsuitable technology. The capacit to, 

produce cereals to meet a growth in demand of 2-3% a 

Year exists, although at somne risk to the environ'nent. 
Yields (more dilficult to achieve as the easier options run 
ouO will remtain the source of growth in the future. The 
growing em)hasis on concerns such as the environment, 
food security, economic efficiency, and sustainable 

development requires multidisciplinary ' ystems 
approaches. Such research is likeh, to be costly and 
difficult and, to he successfil, requires a strong 
international component. In addition, the pursuit offood 

security, sustainable developnent, and a friendlier 
environment may require modificationsof the more 
liberalized trading regime that is expected to develop. 

Research can play an important role in widening policy 
options and perhaps reducing the conflicts in objectives. 
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On behalf of the Director General of the FAO, Dr. Edouard Saouma, Iwish to convey to 

CIMMYT our wannest greetings on this your 25th Anniversary Connemoration. Your 
achievements have been a source of pride to the international community and have given 

millions of fanners around the world the chance to raise their wheat and maize yields 
substantially and hence contribute to lifting their incomes and improving food security. 

You have invited me to speak today on "Expected Changes in World Cereal Economies 
over the Next 25 Years," and indeed Iwill do my best to tackle this theme. But before 
doing so, I would like to turn your attention back to the founding of CIMMYT and to what 

changes have taken place in the past 25 years in the world cereal economy. 

The FAO Commodity Review for 1966 makes for interesting reading. I cannot resist citing 
briefly some of the general developmets from that year's review. The United States had 

just passed its Food and Agriculture Act of' 1965, an act that has strong echoes in the 1990 
legislation. I quote: "It reinforced a trend towards lower price supports and greater direct 

payments to la rmcrs who restricted output." Another quote: "The EEC's Council of 
Ministers were having difficulties in securing an agreed policy for the future." The GATT 

Kennedy Round, which had included agricultural commodities in the negotiations, was 
proving "long and arduous." After these comments, we started our review of the world 

grain situation for that year with the following (abridged) text: 

The world grain economy has entered a new phase. The impressive decline in 
carryover stacks in major exporting countries between 1960/61 and 1964/65 has 
brought the world stocks in the current season to levels which, with today's high 

volume of international trade and famine conditions in several developing countries 
can no longer be considered excessive.... The disappearance of exceptionally heavy 
carryover stocks renders the grain economy more sensitive to the ordinary market 

force of supply and demand and it makes even more urgent the efforts to raise 

production in the food deficit developing countries. 

This I would submit to be a fair account of the current world cereals situation. 

But not everything stays the same, and we indeed went on to identify major changes 

taking place in the world grain economy. First, the developed countries had accomplished 

a complete reversal from their pre-World War 11 position as a net importing area to 
become the world's residual supplier of some 25-30 million tons of grain, following 

progress in their production techniques, high prices and income support levels, and a 

growing use of food aid. Second, the centrally planncd economies, which had been net 
exporters of grains before the war, had become increasingly dependent on grain imports 
and in view of their ongoing industrialization policy were exrected to continue as 

importers of basic grain-s. The expansion of their livestock sectors, based in part on 

imported grain, was perceived as an important feature for the future. Third, the 

Commodity Review indicated that there was evidence of a widening gap between 
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population and grain production in the developing countries. Many developing countries 
were held to have neither new land to bring under cultivation nor the necessary 
prerequisites for significant yield increases, and they would find it hard to arrest the 
downward trend in per capita grain output and their growing dependence on grain imports. 

I think that you would agree with me that these were fairly sensible views, which to an 
extent have been realized. I say "to an extent" because happy is the forecaster who gets 
the forecast right but for the wrong reasons. In Tables I and 2, 1have put together some of 
these longer run trends. Several features of the statistical record stand out. Since the mid­
1960s to the present, world cereal production has grown at 2.3% a year, above world 
population growth of 1.9%. Both production and consumption in the developing countries 
have expanded almost twice as quickly as in the developed countries. The success story 
has been Asia (3.3% a year). Of course even though the aggregatc growth rates in the 
developing countries have been quite commendable, they have not been enough in large 
parts of the developing world. The fastcst growth has been in the feed use of cereals, 
especially in Eastern Europe and the USSR (3.8% a year)and in the developing countries 
(5.5%). Reflecting the more mature state of the feed industries in Western Europe and 
North America, as well as the growing use of cereal substitutes, the growth of feed use of 
cereals in these regions has bcen sluggish. The net result of these underlying trends has 
been some fairly sharp changes in grain trade patterns. The most noteworthy have been 
huge increases in the net exports of North America and the dramatic turnaround in 
Western Europe from the major net importer of cereals to the second biggest net exporter. 
Other key features are the rising deficits of Japan and the USSR and, most worryingly, of 
the developing countries. Thleir net cereal imports went from 16 million tons in 1965 to 80 
million tons today. Their gross imports went from 40 to 114 million tons. There was a 
particularly sharp surge in the 1970s, associated partly with tile oil boom, followed by a 
period of more limited growth in the 1980s. All this goes to prove the scope for significant 
demand growth in the developing countries when their incomes and foreign exchange 
situation make it possible. 

In a nutshell, the major structural features of the past 25 years have been: 1) low 
production and consumption growth but rising surpluses in North America and Western 
Europe; 2) higher growth in production and consumption in the developing countries, but 
rising deficits as well; 3) a rapid expansion in the feed use of cereals in Eastern Europe, 
the USSR, and the developing countries; and 4) all increasing role for world trade. 

Do these trends give us some pointers for the futlure? I would suggest that the answer is 
probably yes. And I shall come to the reasons for my views as we look into the main 
structural shifts that can be expected in the future. Before doing so, I would like to spend a 
moment on outlining the work that we are doing oil projections. 

FAO has a long tradition in undertaking agricultural commodity projections. Our irst 
main effort was undertaken in 1962 and looked forward to the year 1970. Other rounds 

44 



followed in 1967, 1971, 1979, and 1986, and our latest exercise looks ahead to the year 
2000. These commodity projections do not cover the whole of agriculture but focus very 
much on supply, demand, and trade issues. We, of course, subject our estimates of supply 
and demand to a number of checks, such as overall dietary inplications, and land and
 
yield constraints, and we review the results to see whether they are compatible with
 
existing policy frameworks. These projection exercises have tended to assume constant
 
real prices, although in our last and current rounds, we have developed a World Food 

Table 1. Production, consumption, and trade of cereals, 1964-66 to 1988-90 (million tons). 

Total Total utilization for: Net 
Production utilization Feed Food trade 
1964- 1988- 1964- 1988- 1964- 1988- 1964- 1988- 1964- 1988­

66 90 66 90 66 90 66 90 66 90 

North America 210 3(03 163 228 22 32 127 158 -61 -119 
Western Europe 116 193 140 169 49 51 79 100 26 -24
 
Eastern Europe 53 90 57 95 21 
 21 29 60 6 5
 
Oceania 14 22 5 8 2 2 3 4 
 -7 -16 
USSR 140 196 133 230 49 49 49 129 4 34 

Other Developed 25 27 35 56 26 30 8 24 11 28 
Total Developed 557 832 534 788 168 185 294 475 -20 -93 

Africa 37 63 40 81 32 68 1 4 3 18 
L. America/Caribbean 58 107 53 116 31 60 15 45 -6 8 
Near East 37 65 41 99 25 56 8 27 4 30
 
Far East 331 714 341 740 289 
 597 14 70 14 23 

Total Developing 464 951 475 1,037 377 781 401 146 16 80 

World 1,021 1,782 1,009 1,825 544 966 333 621 -5 -12 

Source: FAO Agrostat, November 1991. 

Note: Net trade: net imports positive, net exports negative. Includes rice as paddy. Totals calculated 
from unrounded numbers. 

Table 2. Growth rates (%/yr) of yields of nmain cereals, 1961-70, 1971-1980, and 1981-90. 

Developed countries l)eveloping countries World 
1960s 1970s 1980s 1960s 1970s 1980s 1960s 1970s 1980s 

Wheat 3.6 1.2 2.9 3.6 3.4 2.9 3.5 1.8 2.8 
Rice 1.5 -0.1 1.2 2.5 2.0 2.2 2.4 1.8 2.1 
Coarse grains 3.5 1.2 1.4 2.6 3.2 1.3 2.9 2.1 1.1 
Maize 3.4 2.3 0.6 3.0 3.1 1.6 2.6 2.6 6.5 
AtI cereals 3.4 1.2 2.0 2.8 2.7 2.1 3.0 1.9 1.9 

Source: FAO Agrostat, November 1991. 

Note: Growth rates calculated from trends fitted to all the years in each decade. 
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Model that allows prices to vary. Typically, these projections have looked 5 to 7 years 
ahead and have been mainly concerned with the implications for policies, trade, and food 

security. 

FAO's other main forward-looking exercise, under the title Agriculture Toward 2000, has 

now been undertaken twice and has typically looked rather far ahead, 15-20 years. Our 
next study in this series, which is due to be compllcd in 1993, will cast a look toward the 
situation for the year 2010. "AT 2000," as wc call these global perspective studies, all 
cover a broader set of issues pertaining to food and agricultural developient. Detailed 

land and input use analyses are undertaken and great attention is paid to the technological 
possibilities for changing yields. Our Agriculture Department has a major input to the 
technological change component. The demand side of the model is essentially the same as 
the Commodity Projections, although looking much futther ahead. The AT 2000 results 
are also more country-focused, and are concerned wtili domestic resource-use questions. 
The difference between the two types of*studics has, however, essentially to do with the 

time frame as well as the extent to which Lictors other than "commodity" ones are brought 
to bear ol the analyses and outcomes. Ii the agricultural commodity projections, many of' 

the key factors driving the projeclions can be assumed to he nearly constant in the 5 to 7 
years ahcad. Fundamental changes in yields, technologies, and tastes evolve more slowly 
than this time frame. By contrast, over 20 ycars of tcchnical chanige are probably 
endogenous, environment and sustainiablli t are major factors, and laste shifts can be 
appreciable. Look, for instance, over the past 25 years at the substitution of poultry for red 

meat in the richer countries and the vast cxp ;Hsiomi in much otl the developing world of 
wheat eating at the expense of coarse gra ins. Even in the poorest countries of the world, 
substantial dietary changes have lakei plaice following the rapid urbanization of these 
countries. So looking 25 ycar; a ead, I shall inot draw upon our niedium-term commodity 

projections, but rather on some of the work that FAO has been doing on the longer-run 
perspectives ill our Agriculture Toward 20(10, the latest version published iii 1987. Beyond 

extrapolat ing some of these trends, I shall also look at some of the more uncertain factors 
that could perhaps emerge over the next 20-25 years. Inevitably, these conjectures are to a 
large extent speculative, vith a wide margin of uncertainty about them. 

I would like to arrange these ideas around four themes: fivl, the outlook for demand for 
food and feed; second, production-your own area oflarticular interest; third, the policy 
environment ill which agriculture will be operaling; and fourth, key trade and food 

security issues. 

Regarding, the longer run trends in demand, I would like to start by taking a look at food 
demand for cereals. This is something on which tlie state of the art is perhaps the most 

refined. Over the long run, the basic determinants oft lhe food use of cereals are population 
and income. As incomes rise, the dietary pattern moves away from a reliance on staple 
foods like cereals, root crops, and tubers, and diversifies into livestock products and other 

crops. This is clearly seen by casting a look at FAO's food balance sheets. People in the 
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developed countries get 1,000 calories a day from cereals, 1,000 from livestock products, 
and 1,400 from a diversified number of crops, particularly sugar and vegetable oils. 
People in the developing countries get 1,500 calories from cereals, but only 200 front 
livestock products and 700 from other crops. What can be expccted is a stagnation or 
gradual decline in tileper capita intake of cereals in both thc developing and the 
dcveloped countries. However, because the populatin is jrowing more in the developing 
countries, where the average consumption of cereals as food is 50% higher, world average 
per capita consumption will probably be fairly close to current levels for most of the next 
25 years. As world population itself is expected to rise by 2.2 billion people (1.4% 
annually between now and the year 2015), there will still be a strong stimulus to increascd 
effective demand for cereals as food. 

In addition, there is the continuing and often desperate problem of those who lack the 
ineans to make their demand for food ceective. The Fifth World Food Survey, undertaken 
by FAO in 1987, found that between 355 and 495 million people were undernourished. 
The reasons are complex but mainly have to do with a failure or lack of entitlements or 
economic access to food. Imsimple words, these people are too poor. The extra amount of 
grain required to bring these people's consumption levels to a reasonable level would not 
be much lore-a few tel.s of millions of tons a year, or 1 or 2% more a year for global 
production. Th~iat is on the assumption that the extra grain exactly matches the unfilled 
needs, which is of course unrealistic. Illprclicc, the mecha nisms for ensuring food for all 
involve a number of different approaches-increased employment in other sectors, 
targeting of assistance, and/cr low cc sumcr prices. Now depending on the nature of the 
interdependences, the approaches ould act either to cut or to stimulate the effective 
demand of the not-so-poor via '.gher or lower prices. However, the net result of all these 
hypotheses is still that the d- iand for gra ins or direct food will most probably continue to 
expa nd sign ifica ntly. 

Among different cereals, there has been a long-run trend towards wheat and rice and, to 
some extent, maize, and away from the other grains. Wheat remains by far the dominant 
grain inthe developed countries, omi its own accounting for two-thirds of total cereal 
consumptiomn. Rice remains the most importa nt inthle developing countries, although 
wheat has closed tle gap rapidly. Given the great diversity of food uses of wheat and its 
convenience, especially inurban environments, it is to be aIssumed that this trend will 
continue. Rice remains the preferred gra in in most of Asia and parts of West Africa, 
Madagascar, and several countries in Latin America. This will probably continue to be the 
case, given the particular culinary role of rice, for which there are few substitutes (perhaps 
pasta is tle exception). What is interesting is that maize has held its own as a food inmany 
countries, while other cereals have fended to becone less important except in a few 
countries. 

The feed use of grain-s has everywhere grown faster than food use and accounts for one­
third of global use, a figure that would be higher if it were not for tells of millions of tons 
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of cereal substitutes that are now used in tie EEC because of tile uncompetitive price level 
of cereals. The feed use of cereals greatly exceeds food use in the developed countries (in 
the ratio of 5 to 2), whereas the food use in the developing countries exceeds feed use in 
the ratio of 5 to 1, despite the very rapid expansion in feed use in the past 25 years. Given 
the low current level of meat consumption in the developing countries and in many cases 
their limited pasture lands, the next 25 years should see a rapid expansion in the demand 
for concentrate feeds in the developing countries, although many of these countries will 
continue to seek cheap alternative local feed sources. In the developed countries, two 
important factois are likely to be at work on the demand for feed. First, policies are 
changing or are likely to change in Europe, which could lead to significant efficiency 
gains in the USSR and Eastern Europe, thus putting a brake on the rapid growth of feed 
use in these countries. On the other haid, moves towards trade liberaliation could restore 
the competitive position of cereals in the EEC, thus boosting their use in the world's third 
largest market for feed grains, although this effect may be modified by reduced protection 
for livestock products. Second, meal colisumnpliol is already high, and a great deal of the 
intensification of production has probably already takeni place. It is also quite feasible that 
the growing vegetarian movemnt in the richer countries could begin to erode the demand 
for meat and/or lead to a reversion to more traditional methods of animal husbandry, away 
from factory farming. Environmental concerns and meat substitutes may give this 
movement a further push. Trying to make sense of these factors is hard, but on balance I 
think we should assume that the feed use of cereals will continue to expand in the future. 

Maize of course remains by far the most important cereal fed to animals, holding Gn to its 
45% share of world cereal feed use over the past 25 years. Barley has kept second place 
(20%), and wheat has risen in importance while the use of oats for feed has declined. The 
rise in wheat has been due to two factors. First, some of the modern high-yielding wheats 
have basically been less suitable for making European-type bread. Second, the price of 
wheat has often been highly competitive, even cheaper than maize on import markets. The 
main thrust of export subsidies has fallen on wheat, and so in recent years wheat has 
frequently been available to importers at very low prices indeed. 

Thus, it seems to us that the world demand for cereals, fueled mainly by growing 
population but, abetted by changing tastes and incomes, will continue to grow at 2-3% a 
year over the next 2 decades or so. This poses the challenge for the scientists, policy 
makers, and farmers to raise output at around the same rate (faster in the developing 
countries, slower in the developed). I will come to the policy questions in a while, but I 
would like to make a few comments on tlie more technological issues. 

First, as land is scarce, the productivity of land, measured by yield, matters. Although this 
statement smacks of a truism, an economist would normally focus on the gross 
productivity of all factors being used in production, not just one of them. Indeed in many 
parts of the world where water is the binding constraint, people are looking at the yield of 
cereals per unit of water used. Now the amount of land under cereals has not expanded at 
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all significantly over the past 3 decades. In the 1960s and 1970s, it rose by a mere 0.6% a 
year, and in the 1980s it actually fell, mainly because of the amount of land Ihkcn out of 
production in several developed countries under both government sct-aside programs and 
under the stimulus of lower prices. But even in the developing countries, the rate of 
increase in area has slowed from 1.2% a year in the 1960s to 0.4% a year in the 1970s and 
1980s. Although there are still areas that could bc brought into production, these are rather 
limited. The prospects for further double cropping and bringing new areas under irrigation
 
-ire also limited.
 

Thus yields are going to be the source of growth in the future, just as in the past few 
decades. Yet, as report after report warns us, yield increases are becoming more difficult 
to achieve as the easier options run out. Some broad-based statistics illustrate this point. In 
the 1960s global cereal yields rose by 3% a year, whereas in the 1970s and 1980s this has 
declined to under 2%. Probably the decline would have been more marked had it not been 
for the taking out of tens of millions of hectares of low-productivity land in North 
America since the mid-1980s. In fact, in the developing countries where CIMMYT has 
made its greatest contribution, yield growth has fallen from 2.8% a year in tile 1960s and 
1970s to 2% in tie past decade. In the developi ig countries yield gains have fallen for 
wheat, rice, and maize and other coar:,,' grains, highlighting the challenges facing 
CIMMYT. 

Second, environmental concerns will continue to grow in importance and will involve 
some extremely complex analysis. So much of our scientific progress has been achieved 
by isolating one problem at a time and "solving" it, often with brilliant results, but 
frequently this approach generates new problems. Although work has been done on whole 
systes-for example, CIMMYT's research on maize production systems in East 
Africa-I think it is safe to say that this work is 1) very much harder than partial analysis 
and 2) still some way off from delivering the goods. Cerlainly, the information revolution 
has greatly facilitated the understanding of complex systems, but understanding is one 
thing and doing something about the problem is another. Sustainable agricultuie will 
require research on soils, on integrated pest management, on rural energy, on water 
management, on biodiversity, and on social/economic relationships. And even when the 
research is ready, some hard thinking on social choice, equity, and inter-generational 
parity will be required. 

Third, the question of economic efficiency will remain high on the agenda. The growth of 
commercialized production, tie greater integration of farmers into market systems, and 
the growing pressure for more market-oriented economic systems will mean that keeping 
down farmers' costs will be of in(.reasing importance. The alternative to curbing cost 
increases is providing subsidies, and we all know how govcnmnecnt subsidies have run imto 
tax payers' or don: .' resistance. This is a formidable extra consideration for research 
scientists to bear i : miid, and perhaps it is askiig too much. Aftcr all a new technique 
may be uneconomic in one situation but could be of use elsewhere or at another time. 
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What then are the prospects for cereal production? Well, having been rather pessimistic so 
far, I think it is best to say that most of our studies for the medium tenn indicate that the 
capacity to produce cereals to meet a growth in demand of 2-3% a year exists, although at 
some risk to the environment. Other studies have looked into these growth rates and come 
to somewhat similar conclusions. For the developing countries, our own study, AT 2000, 
indicated that cereal production could grow by around 2.6% a year. The Intcrnational 
Food Policy Research Institute came up with a figure of 2.9% and the International Wheat 
Council, 2.4%. The World Bank has projected growth in the developing countries to the 
year 2005 at 2-2.4%. The projections of world cereal production are usually lower than 
these figures, mainly because the perception is that the output in tile developed countries 
would tend to be constrained by demand to grow more slowly than their capacity to 
prod ce would allow. However, there is no doubt in my mind that there can be no let up in 
the efforts to produce more food, especially in tile developing countries, and to close the gap 
between farmers' yields and those at the research station. This need could be reinforced by 
some of the policy developments in the future, to which I shall now turn my attention. 

The evolution of international policy in the past few years has been particularly rapid and 
far reaching. The changes in Eastern Europe and the USSR are among the most striking, 
but the general move towards a greatcr market orientation of policies in the developing 
countries and the enormous energies going into reforming agriculture in the Uruguay 
Round of Multilateral Trade Negotiations are probably just as important for the world 
cereals economy. 

The impact of the change in the entire political/economic structu:e of the Eastern 
European countries and the USSR is likely to take many years to be fully accomplished. 
Institution building, land ownerhip questions, and management approaches are matters 
that may require many years to evolve. Of course it is not certain that these countries will 
adopt a system similar, say, to that in Western Europe. However, it seems safe to say that 
these countries are likely to rely much more on private ownership and on flexible prices to 
clear markets and less on plaming and oin qua ntity clearing, which is prone to be slow and 
inflexible. A greate reliance on price clearing and a closer linkage to world markets will 
eventually bring the patterns of productiou and consumption closer to those in Western 
Europe than they are today. This points to a lower consumption of grains (especially ill the 
feed sector, which is notoriously inefficient in these countries) and some increase in farm 
productivity and should, therc'orc, result in a more balanced cereal situation than today. 
However, the weather will still remain a source of significant harvest fluctuations, at least 
in the USSR. 

The Uruguay Round is still underway and no one can be sure that the outcome will be 
successful. Certainly, if the Uruguay Round fails '-. oring agriculture into the mainstream 
of economic activities, there could be several years of aggressive trade conflicts, export 
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subsidies, and continuing protection of agriculture. However, even if the Uruguay Round 
fails, which everybody would regret, there does appear to be a long tide running in favor 
of reduced agricultural protection. Indeed, many countries are unilaterally moving towards 

a less protected agriculture: New Zealand, Australia, and Sweden are recent examples. 
Second, there is an intellectual movement against the use of blanket policies like price 
policies to achieve all objectives. Targeting is becoming more fashionable, not only on the 

consumption side but on the production side, too, for instance through de-coupled income 
supports. Third, the costs of protectionism, particularly what is called the deadweight 

losses, but also tie budget cosis and the costs to consumers and industry of higher food 
prices, arc increasingly recognized. So let us assume that over the next 2 decades or so 
world agricultural trade will become more open, protection less, and recourse to export 
subsidies a more rare event. What would this imply for the world cereal economy? Many 
studies have been nmade on this subject, anI although they do not all agree, there are some 
points of near consensus. If the reduction of protection is large and concentrated inthe 
iidustrialized countries, it is to be expected that in a number of developed countries 
preduction would contract and demand would be stimulated in those countries where 
today produccr atd consumer prices are high. As a consequence, world trade would expand, 
and international prices would be higher and possibly more stable than they are today. 

This scenario could benefit tire most cfli.cnt producers, whose exports would rise and 
whose rural incomes would benefit. It would, however, simultaneously hit the net food 

importing countries, whose import bills would rise. For the poorer ones, this situation 
would be painful, as they obviously must buy food. Thus, for countries that are poor and 

stretched to pay their external debts, the implications of trcc world trade could be difficult. 

If they make sufficient gains frt.. other sectors, then it is possible that they could pay for 
their increased food bills; but if the first charge on their higher export earnings is debt 
repayment, tlw: it will be the poorest people in those countries who will suffur. Another 

implication of a freer world trade environment would be the reduced role of governments 
in stock holding. Most of the surplus stocks that have been built up in the past have been 
the result of government intervention-buying to support farm prices. These stocks, 

unwanted by the market, did scrve the purpose of providing a cushion or safety net against 
declines in output. It is thus clear that some residual role for public stock holding, 

preferably within an international framework, would be neeaid if we tire to provide 
reasonable stability of food supplies. Indeed, I would argue Inat in a move towards a freer 
world market, policies will have to evolve to protect basic food security concerns. In the 
developing countries, for instance, a move towards a closer linkage of their cereal sectors 

to world markets would probably be inconsistent with a steadfast adherence to self­
sufficiency in food, which has always been one of the basic objectives of most developing 
countries and which has surely contributed to the great efforts made (and success 

achieved, in many cases) over the past three decades in raising food output. Here, I am not 
just iwferring to whether what are called "nontrade concerns" will be allowed under the 
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Uruguay Round settlement, but to the wider question of how closely basic food policy will 
be linked to the general move towards market-orientation in the developing countries. 

Nor does this basic question refer to food security policy alone: a similar problem 
surrounds sustainable development and environmental policy. To what extent will the 
move towards a more market-oriented economic policy impinge on the development of 
suitable policies to foster sustainable development and to improve the environment? As 
economists we are used to discussing external economies or dis-economies and public
goods in the national context, but a great deal more will be required to develop an 
international policy framework. I assume that progress will be made in this area and that 
this will have repercussions for basic food production. The pursuit of food security, of 
sustainable development, and of a friendlier environment may require modifications of the 
more liberalized trading regime. Research can play an important role in widening our 
policy options and perhaps in reduciamg the conflicts in objectives. Discoveries that 
simultaneously improve the environment without pushing up costs, and which have a 
favorable impact on equity, would help to obviate the need for introducing special 
regulations and charges that protect the environne, but that may hinder trade. 

This last statement brings me to the trade outlook over the longer term. Steadily rising 
demands for grains, a varying production capacity to respond, a more liberalized trading
system, and rising expectations for the environment, for food security and for sustainable 
development, all mean that trade will continue to be a central concern to policy makers. 
Our view is still that the developed countries are likely to be net suppliers to the world 
market, although if the Uruguay Round is successful, the growth in exports by the high­
cost producers in the developed regions will be cut or reversed and the lower cost 
producers will expand their sales. They should be joined by a number of developing 
countries who are food exporters. Most developing countries, however, are likely to 
continue to require grain imports, not only to meet the basic food needs of their rising
populations, but also to cater to the rising demand for livestock products and hence for 
feedstuffs. The erstwhile centrally planned countries are likely to achieve a better balance 
in their cereal sectors. On balance, trade in grains is likely to continue to grow over the 
next 2 decades or so, but perhaps at a slightly slower rate than in the past. Naturally, these 
trends could change if some widespread threat to food production should emerge, such as 
the effects of global warming, even tho-lgh it is not currently expected that such an impact 
would occur in this period. 

I would like to pull these threads together and draw some conclusions for your own 
concerns. First, international agricultural research will continue to be a vital component in 
the fight for sustainable development, not least because of the role that centers such as 
CIMMYT play in supporting the many small and vulnerable national research institutes. 
Second, the demand for cereal grains is likely to rise substantially over the next 25 years, 
both for food and as livestock feed. Most of the growth will be in the developing countries 
who will frequently be in need of the transfer of suitable technology, such as that provided 
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by CIMMYT. Third, there is a growing emphasis oil concerns such as the environment, 
food security, economic efficiency, and sustainable development, which require, to a 
significant extent, multidisciplinary systems approaches that are at the frontierof knowledge. 
Such research is likely to be costly and difficult and, to be successful, requires a strong 
international component, in which CIMMYT can and should play its important role. 

On behalf of the Director General of the Food and Agriculture Organization of the United
 
Nations, I would like to commend CIMMYT for its many significant achievements in its
 
first 25 years and wish the Center a long and fruitful future.
 

RESPONSES 

SERGtO CIlAZARo LOAIZA 

DIRCIDR O: DEVE OIMENT PROGRAMS, 

NACIONAL FINANCIE-RA (NAFINSA), MtExico 

The topic of Mi. Perkins' paper is of particular relevance, especially as we approach the 
21st century. In the present decade we are witnessing profound changes in societies all 
over the world, particularly in the Socialist Block countries. There is a trend towards 
substituting the concept of comparative adva ntage for that of competitive advantage, 
where a country's position is no longer based solely on its natural resources, but also on its 
technological development, computer capacity, and skilled human resources. The 
fornation of economic blocks seems to be ar irreversible trend, and developed and less 
developed nations are placed in this context. 

Within sector analyses, the cereal economy continues to have a specific weight on a global 
scale. Many studies and analyses have been conducted o this ,ubject. Cereal trade 
projections are generally based on two approaches: 

* 	 Projection of export availability, i.e., the difference between domestic production
 
and internal consumption.
 

" Projection of the demand for exports, based oil certain assumptions oil policies, 
production, and demand in both importing and exporting countries. 

The first approach is the one most frequently used by FAO, although in his presentation 
Mr. Perkins seems to indicate that the second approach is also beginning to be used. 
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Mr. Perkins gives a brief summary of events over the past 25 years in the world cereal 
economics. Perhaps it should be pointed out that although there were impressive lows in 
cereal grain stocks between 1960-61 and 1964-65 (around 150 million metric tons), they 
dipped even lower during the 1973-74 energy crisis. However, levels recovered and 
reached about 220 million metric tons during 1982-85 (Paulino 1988). Price fluctuations 
showed a slight correlation during this period, since they achieved high levels. 
Nevertheless, there has 'been a downward trend in recent years, as illustrated in Table 1. 

I would now like to comment on the four subjects that Mr. Perkins talks about in his 
presentation, based on Agriculture towards 2000. As he prudently points out, his 
conjectures are "to a large extent speculative, with a wide margin of uncertainty about 
them." 

On the subject of the food/feed demand fbr cereals, rapid growth in the available income 
in developing countries will inevitably result in a rapid increase in net cereal imports. The 
scenarios in the model consider it in these terms. Mr. Perkins mentions that if the very 
poor had access to cereals, the "extra amount of gnin required to bring these people's 
consumption levels to a reasonable level would not be much more-a few tens of millions 
of tons a year, or I or 2% more a year for global production." Itshould be pointed out that 
if post-harvest and marketing technologies were improved, the amount of grain saved 
would partly reduce the need for didditional production increases. 

I could go on at length were I to comment on the whole range of'subjects included in Mr. 
Perkins' presentation, i.e., changes in the political arena, equity considerations, food 
security, the environment, and so forth. However, I will focus my comments on the second 

Table 1. World cereal price index, 1961-1985 (1977-79 = 100). 

Price Price Price Price 
Year Index' Year Index' Year Index' Year Index' 

1961 128 1968 156 1975 148 1982 88
 
1962 143 1969 153 1976 119 1983 98
 
1963 143 1970 126 1977 101 1984 
 9 8 b 
1964 138 1971 112 1978 103 1985 
 8 5 b 
1965 135 1972 109 1979 97
 
1966 144 1973 187 1980 107
 
1967 150 1974 216 1981 119
 

aEstimated in constant dollar values, includes rice, wheat, naize, and sorghum.
 

b Preliminary data.
 

Source: Mellor and Raissudin (1988). 
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subject he presents: production. A quick look at growth rates of the primary sector gives 
us a point of reference for Table 2. To cite Paulino (1988): "In 1961-80, around 90% of 
production growth in developed countries resulted from yield increases and only 10% was 
due to expansion in cultivated area. In contrast, in developing countries this ratio was 65 
to 35%, respectively. However, developing countries experienced yield increases of 50% 
in 1961-7() and 70% in 1971-80, and this trend is expected to continue." Reynolds (1986) 
underscores the growth of agricultural production in five countries, as shown in Table 2. 

What characterizes countries that have demonstrated high growth rates? Vernon Ruttan 
comments: "Except for Korea, all countries achieving high growth rates over two or three 
pi.riods are characterized by extensive agricultural development based on great expansion 
of cultivated area. During the last period, Thailand and Malaysia changed from an 

extensive cropping system to an intensive one based on high yielding varieties and 
intensive input use. 

The productivity statistics quotecu by Mr. Perkins are alarming and, as he pointed out, 
present a challenge for CINMYT and for developing countries. Research, as well as 
technology tinsler, continues to be essential. Developing countries will have to focus 
more on their education, research, and cxtcnsion policies, although they are not the only 
variables that ;accounLt foragricultural sector development. The allocation of scarce 
research resources to these atClivities is a high priority. Donor support through the CGIAR 
(Consultative Group on Intrnlationa AgricuIltural Research) for inteniational centers such 
as CIMM YT is an example that should be Multiplied. According to 1983 figures, the 
budget for 13 CGIAR centers was on the order of US$176 million. I do not know the total 
figure for 1991. but I would imagine and hope that it has increased considerably. 

In closing, I would like to congratulate Mr. Perkins on his excellent presentation, as well 
as CIMMYT on its 25th Anniversary. 

Table 2.Annual growth rates (%) of agrieultural production in five countries: 1952/54­
1979/81. 

1952/54- 1959/61- 1968/71- 1952/54­
1959/61 1969/71 1979/81 1979/81 

South Korea 5.4 3.2 4.2 4.4 
Thailand 4.5 5.1 5.1 4.8 
Malaysia 3.0 5.6 4.8 4.4 
Mexico 5.0 4.5 3.5 4.1 
Venezuela 4.5 5.3 3.8 4.4 

Source: Reynolds (1986). 
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MICIAI-i.L. MORRIs 
ECONOMIST, CIM MYT ECONOMICS PROGRAM 

Thank you for an excellent, concise overview of projected developments in world cereal 
economics over the medium- to long-termns. Most people do not appreciate the enormous 
amount of work done by FAO in collecting and analyzing global production statistics. 

CIMMYT relies heavily on FAO statistics in tracking developments in the world cereal 
economies, particularly the maize and wheat economies. CIMMYT uses macro-level 
statistics in two main ways: 

" 	To inform researchers and policymakcrs about trcnds in world cereals economy 
(published in the World Facts and Trentds series). 

* 	 To inform CiMMYI's own research planners. 

I would like to ectend Dr. Perkins' analysis abit by: 

" 	Focusing specifically on projected demand in LDCs for wheat and maize 
(CIMMYT's mandate crops). 

" 	Spelling out implications for CIMMYT. 

As Dr. Perkins pointed out, the past 25 years have been characterized by high growth in 
production and consumptioa of cereals in the LDCs, but with consumption growing faster 
than production, leading to increasing reliance on imports. These stylized facts accurately 
describe recent developments in the global maize and wheat economies. I would add 
parenthetically that the level of wheat imports into LDCs is currently much higher than the 
level of maize imports, altlough maize imports are catching up rapidly. 
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Although predicting the future is risky, at CIMMYT we regularly attempt to project 
demand growth for wheat and maize in LDCs as part of our ongoing strategic planning 
exercise. The idea is to anticipate changes in global consumption and production patterns, 
especially in LDCs, which can help us decide how to best allocate our limited resources so 
as to maximize long-ten payoffs to our research efforts. 

Based on the latest available evidence on expected population and income growth, and 
using conservative assumptions about the income elasticities of demand for these two 
cereals, we are currently projecting growth in demand for wheat and maize in LDCs 
somewhat in excess of the 2-3% per year global aggregate figure Dr. Perkins mentioned. 

Specifically, we project demand for wheat in LDCs to grow at a rate of about 3-3.5% per 
year. Most of the growth in demand for wheat will be concentrated in Asia, where 
population growth and income growth are both expected to be high. In contrast, growth in 
demand for wheat will slow in LUtin America and decline in Africa, largely as a result of 
policy reforms to discourage wheat consumption. 

We project demand for maizc it. LDCs to grow at a rate of about 4-4.5% per year. The 
sources of the growth in demand for maize will vary by region. In Asia, rising incomes 
will fuel rapid growth in demand for feed maize, whereas in Africa population growth will 
generate rapid growth in demand for food maize. Latin America will fall somewhere in 
between, with continued strong growth in demand for food maize concentrated in Central 
America. 

These projections of the geographical distribution of future dcmand growth, as well as of 
the type of demand (food vs. feed), have implications for research resource allocation 
within CIMMYT. For example, the projected demand figures 1 have just cited, plus our 
knowledge of whcre the world's poorest people live, provide clues as to where future 
research efforts will have to be concentrated. It will be particularly important that 
CIMMYT direct attention to meeting the future demand for wheat in Asia (particularly 
South Asia) and to meeting the projected demnd tor food maize in Sub-Saharan Africa 
and Latin America (particularly Central Amcrica). 

In addition, the projected demand figures also provide clues as to the kind of research that 
will be needed in different production environmnts. in countries where growth in the area 
planted to maize and wheat has been slowing, futurc production gains will come largely 
through higher yields and increased cropping itensity. The challenge for CIMMYT and 
for the national programs with which we collaborate will be to develop technologies that 
will allow higher yields and increased croppi ng intensity to be achieved and maintained 
without ever-increasing applicution of purchased inputs, and in ways that do not lead to 
the long-term degradation of the environment. 
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In countries where there is still scope for expansion in area planted to wheat and maize, 
expansion will often be into marginal production environments where maize and wheat 
have not traditionally been grown. The challenge for CIMMYT and the national programs 
with which we collaborate will be to develop cultivars adapted to a broader range of agro­
climatic conditions, as well as economically sensible management practices which allow 
the constraints of marginal environments to be mitigated or overcome without damaging 
what are often extremely fragile Cco-systems. 

In closing, I would like once again to thank Dr. Perkins for his insightful remarks on 
expected changes in world cereals economies and to stress the usefi!!ncss of the statistics 
produced by FAO. Research organizations such as CIMMIT make cxtensive use of these 
statistics to track past production and consumption trends, as well as to anticipate future 
developments in world cereals economics. The supply and demand projections made on 
the basis of FAO statistics are relied upon as a valuable decision tool to help management 
channel an increasingly limited stream of resources toward their most productive uses. 
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CLOSING REMARKS 

DONALD L. WINKIMANN 
DIRECIOR GENERAL, CIMMYT 

I will take a few minutes to summarize the themes discussed 
today and to make some observations about CIMMYT's 

future. 

As Sir Ralph Riley observed this morning, anii anniversary is a 
time for looking forward and a time for looking backward. 
I'd like to look backward first to re-emphasize some ofthe 

remarks that you heard this morning on themes that deal with 
CIMMYT's past. These are treated in detail in our new 
publication, "Enduring Designs for Change". 

The institution has had dramatic success by anyone's stan­
dards. Eighty percent of the wheat in the developing world 
outside of Chiina emerges from materials that are related to 
CIMMYT's work. That's a phenonenal record. A rising 
portion of the developing world's maie relalcs to our work. 
Some 4,000 people have been through CININYT training 

programs of one kind or another. Fhese trainee alumni, who 
now form a worldwidc network of agriculture researchers, 

have taken back to their countrics the principles that underlie 

CIMMYT's own work-pragmatism, evenhandedness, 
working in the fields with the plants, and paying careful 

attention to the needs of farners. We make a concerted effort 
to pass these attitudes on to the trainees who come here. 

Several of the architects of these successes, who were here in 

the beginning, are with us today-Norman Borlaug, Elmcr 
Johnson, Bob Osler, Ed Wellhausen, and Frank Zillinsky. 
These are the people who launched the institution and on 
whose vision we will move toward the future. 

Now a few words about the presentations that wcre made 
today, just by way of review and acknowledgment. A clear 
message, starling this morning with the comments of 59 



Subsecretary Enrique Rubio, is the impact of change. We see changes in the politics of the 
world, changes in its economics, and changes in its science. Our publication "Enduring 
Designs for Change" opens with an observation by Heraclitus who tells us that "Nothing 
endures but change". 

Another clear thread running through everything we heard today is the interction 
between productivity on the one hand and protecting the environment on the other. As we 
accept the challenge of protecting the environment while raising agricultural productivity, 
we must rely on evermore intensive knowledge-based activities, both in science and on the 
fann. Third, the topics that shaped today's agenda-science, the environment, and 
markets-are among the prinmary external factors that shape and orient CIMMYT's work. 

Jock Anderson helped us to understand the articulation between opportunities for the poor 
in developing countries and agricultural research. lie vindicated our belief in the 
potentially pivotal role of agriculture research. lie went on to express four areas of 
concern: 1) the need to improve the enviromnent for decision making; 2) tile need to 
improve the managerial skills that are applied to rescarch and technological change; 3) the 
need to improve access to technological chmige through the introduction of new players­
the universities, the private sector, and nongovenmental organitations (NGOs); and 4) the 
need to take a long view as we look at nalural resources. 

Alvaro Umafia traced out the changes in the concerns orienting agriculture and agriculture 
research and talked about the new emphasis on the conservation of natural resources and 
the environment. He spoke especially about increased land use as people pull down forests 
in order to open up farmland, lie discussed soil erosion, the use of chemicals, and the need 
for an evermore integrated approach in fitt ing agriculture within the ecology. Dr. Umafia 
emphasized the importance of maintaining the current productive potential in agriculture 
and our desperate need to husban d what lie called our "patrimonio global". He nicely 
juxtaposed productivity and protectiom issues and this idea was expanded oii by Dr. Ren6e 
Lifittc inher response. 

We know that much of the nalural resource depletion that occurs inagriculture in 
developing couitries emerges directly from poverty. To the extent, then, that CIMMYT 
and other agricultural research ageicies can have an impact on poverty, we can ameliorate 
its effect on the environment. One example of how productivity changes call spare the 
environment comes from India. Were India to mcct the wheat utilization of its current 
population with the yields that it had intile ItN60s, it would require 5(1 million more 
hectares of land to produce that wheat. That's somewhat more than twice the arable land 
in Mexico. Had it not been for the increase inwheat yields achieved since the mid-h 960s, 
there would have been absolutely devastating pressure on India's fragile environments. 

And now oi to some of the observations by Sir Ralph Riley. How to do it better? How to 
do it faster? How to do it ina less costly way? He poimted to several avenues. He properly 
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emphasized our interest in plant breeding. 1Ic told us about tlre potential roles of RFLP
 
mapping and encouraged us to invest, to watch, and to be more concerned with
 
developments in that arena. He noted other techniques that we might include in our own
 
work and he wondercd a bit about our involvemcnt with maize transformations. He
 
emphasized his sense of the imporlance of our role as tool users rather than as tool
 
buildcrs-and of course that is very much the way we see high science herc at CIMMYT.
 

A parlicularly important observation that emerges from Sir Ralph's presentation, is that it 
is virtually impossible to predict the evolution of science. What we know is that the pace 
of that evolution is accelerating and the derivative point for us, I think, is that we must be 
sensitive to those clIanges, we must be able to monitor them, we must be competent to 
evaluate them, and we must be ca pable of accoimodatinrg then). 

Richard Perkins helped our understanding of the role of iaize and wheat within 
developing contrics. He noted, too, the implica tions Ior tie environment of increasing 
production and the need for increasing yields ;:nd productivity on available lands. I 
thought his comments were particularly sublle on research's role in widening policy 
options and in reducing conflicts armong objectives. I think this is also one of tile points 
that emerged fron Dr. Lfitte's presentation. She was talking about, if you would permit 
me just a moment of self-indulgence, substituling chromosomes for chemicals. What 
colmes out of that'? Ihigher and more stable yields oir the onIe hand-icreasing 
productivity-and a reduced threat to the cnvirornert on the other. This point, it seems to 
me, has to play a vcry significant role as we orient our work toward the future. 
Chromosorres for cicmicals-this is one vay to reduce conflicts between objectives. 

There arc some courunerrs that we can make about the future with a high degree of 
probability. The population, unhappiIy, is going to continue to grow. We will have pover­
ty. We will see coninucd emphasis on and concer for the environment. Development is 
going to be important, agriculture is going to be critical, and research is going to be 
pivotal. 

CIMMYT has a lot of things to do in the future. Some of the themes that we will be 
focusing on, so as to reduce conflicts aniomig objectives, are greater stability in production 
and host plant resistance. We'll give some additional allention to tIhe way that crops affect 
natural resources. In lhe past much of tie effort in agricullurnr resea rch focused on the 
way natural resources affect those plaiits with attention to how the influences could be 
amelionrted. The future will see the balance redressed with added emphasis on the natural 
resources and ameliorating the undesirable effects of crop and livestock production. 

And what about international agriculture research and the context for its future? We can 
almost certainly expect to see increasing imporiance of tie private sector in developing 
countries. Attitudes are changing am 'he effects will emerge through the next two 
decades, with a far greater role for the pi.vate sector in developing country agriculture. 
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And that development might imply new roles for CIMMYT. For example, if wheat 
hybrids become commercially possible over the next two decades, think of the impact that 
would have oi the orientation of CIMMYT's research ol wheat, of the enormous 
expansion in private sector wheat varieties that would be available to our clients, and think 
of their implications for CIMMYT's work. 

We will see a greater role for NGOs in developing countries; we will see, I believe, a 
mounting pressure on public sector agriculture research to meet its challenges in a timely 
and efficient way. We will see, in our own jargon, changing patterns of supply for the 
commodities that we produce. 

We will see a continuation of both altruism and self-interest in the donor communities. 
There will emerge a critical recognition that some research will only be undertaken by 
publicly financed institutions such as ours. For example, publicly financed research will 
play a critical role in issues concerned with productivity and the environment. 

The task is daunting. CIMMYT's culture-featuring a pr, gmnatic awareness of client 
needs, direct involvement in field work, and evenhandedness in dealing with clients-has 
served us well in the past and will surely be a source of our continuing success. As well, 
knowing the science that guides our practices will play an evermore vital role. 

On that note, let me briefly return to a theme that Sir Ralph developed on the "two cultures 
issue" in conlrsting the new science with the proven science in plant breeding. I think 
that the pragmatism, which has motivated CIMMYT's work over the past 25 years and its 
predecessor's work for 20 years before that, will ensure that there will be a meshing of 
new science with proven scicnce here within CIMMYT. Our tradition is "if it works, we'll 
use it" and that certainly is what one sees in the curre mt relationships between our applied 
molecular biology lab and our plant breeders. 

We'll see new forms and new nou s for undertaking our work over the next years and, in 
particular, the interaction of changes in science and changes in our society will almost 
certainly open up new avenues and new structures through which we'll work. Through all 
this, our vision will stay the same. We'll continue to emphasize opening options for the 
poor. In doing so, however, we will take advantage of new opportunities. Back to Heracli­
tus: nothing endures but change. We are ready for the changes and searching for the 
opportunities. 

Let me thank all of you for your attention. We have heard many themes discussed by 
distinguished speakers. They have given us a broad view of agriculture and its relationship 
to development. I especially want to thank Jock Anderson, who has made a supreme sacrifice 
by flying all day so to get here from Thailand. I also want to thank Alvaro Umaiia, 
who dropped in on us en route to London. And to all of you, our thanks for your contribution 
to our understanding of the elements that will shape our activities over the next decades. 
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BIODATA OF SPEAKERS 

AND DISCUSSANTS 

JOCK R. ANDERSON (AuS'rRALIA) 
Agriculture and Rural Development Department, 
International Bank for Reconstruction and Development 
(World Bank) 

Dr. Anderson is presently oil leave from his position as 
Prolessor of Agricultural Economics and Business 
Management, University of New England, Anidale, New 
South Wales, Australia. His research interests in agricultural 
economics include the analysis of risk and uncertainty, 
applied response analysis, and analysis of agricultural 
research policy. He served as tile Deputy Director and Chief 
Research Economist of the Australian Bureau of Agricultural 
Economics, directed the 1984 CGIAR Impact Study, and has 
worked extensively with international agricultural research 
centers, as well as FAO, IFAD, and the World Bank. 

DEREK BYERLEE (AUISTRALIA) 
Director, CIMMYT Economics Program 

Dr. Bycrlee obtained his PhD in economics at Oregon State 
University (1971). His academic experience includes 
research fellowships at the University of New England, 

istralia, and Njala University College, Sierra Leone, in 
addition to an appointment as an Associate Professor in 
agricultural economics at Michigan State University. In tile 
years prior to taking up responsibilities as Director of the 
Economics Program, Dr. Byerlee was posted to the 
CIMMYT bilateral program in Pakistan, where he worked 
closely with national program colleagues to strengthen the 
capacity for social science research, mainly by conducting 
fanning-systems based research. His interests in agricullural 
economics range from on-farm adaptive research to 
agricultural policy and the economics of agricultural 

research. 
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SERGIO CHAZARO LOAIZA (MtEXICO) 
Director of Development Programs, Nacional Financiera (NAFINSA) 

Dr. Chizaro has a PhD in Agricultural Economics and Administration from Purdue 
University and worked as a professor and dcpartmcnt head in the Technological Institute 
of Monterrey (ITESM) from 1968 to 1975. Since 1975, he has applied his skills to a broad 
range of responsibilities within the Mcxica i govcrnment. In both the agriculture and 
commerce ministries, he coordinated efforts to formulate policies for setting guaranteed 
prices on agricultural commodities. In 1979-80, he was Manager of Agriculture and 
Livestock Projects of the Mexican National Foodstuffs Corporation (CONASUPO). 
During 1981-83 Dr. Chzizaro servcd as Representative of the Secretary of Agriculture and 
Water Resources (SARtt) in tire state of Veracruz and the following year as director of an 
advisory office to the President on agriculture and livestock markets. He then moved to 
the Mexicain Central Bank as Technical Subdirector of the Commercial Development 
Fund, a position he held for four years prior to his present appointent. 

ERNESTO ENRiQIJIZ Rutmo (Mt,:xico) 
Undersecretary of Agriculture, Mexico 

Mr. Enriquez Rubio obtained a BA in law and another in business administration in 1967, 
the first from the Escuela Libre dc Derecho and the second from the Autonomous 
Technological Institute of Mexico (ITAM). He later pursued postgraduate studies in 
international relations at University of lhe Amnricas in Mexico City, in government at 
American University in Washington, D.C., and in public finance at the National 
Autonomous Univcrsily of Mexico (UNAM). Since then lie has held several high political 
posts and has served the Mexican governmcnt in various capacities, such as Executive
 
Director of Banco Mexicano Somnex, Deputy Director General of Material Resources for
 
the National Railroad of Mexico, and ;)s Undersecretary of Livestock at the Ministry of
 
Agriculture and Water Resources.
 

Luis HERRERA-ESTIEaLLA (MF-xIco)
 
Head, Department of Plant Molecular Biology, Center for Research and Advanced Studies
 
(CINVESTAV) of the Mexican National Polytechnic Institute (IPN)
 

Dr. Herrera-Estrella completed PhD and postdoctoral studies in plant genetic engineering
 
at the Rijksuniversiteit, Ghent, Belgium, in 1986. The laboratory under his direction
 
focuses on the use of molecular biology tools to develop maize, tomato, bean, pepper, and
 
tobacco genotypes that possess resistance to key diseases and insect pests. Other research
 
pursuits of his group includes collaboration with CIMMYT's Applied Molecular Genetics
 
Laboratory on two projects, one relating RFLP probes to gcnomnic segments associated
 
with drought tolerance in maize and a second screening strains of Bacillus thuringiensis
 
against tropical maize borer insects. Dr. Herrera-Estrclla's work has beer; recognized wi .h
 
awards from the New York Academy of Sciences, UNESCO, and the Mexican Academy
 
of Scientific Research.
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REN9E LAFIT'FE (USA) 
Acting Ccordinator, Agronomy/Physiology Subprogram, CIMMYT Maize Program
 

In addition to a PhD in plant physiology from the University of California at Davis, Dr.
 
Lafitte's background includes degrees in botany and agronomy. Her current duties at
 
CIMMYT involve wrking with breeders to generate maize with tolerance to abiotic
 
stresses commonii in .eevelopingcountry production environments, such as drought and
 
nitrogen deficient soils. Between 1987 and 1991 she conducted in-service training courses
 
at CIMMYT headquarters to help developing country researchers apply on-farn research
 
and other techniques to identify fanners' production constraints and formulate appropriate
 
crop managemnent recolnnendations.
 

BuRTON MA'rrHEWS (CANADA)
 
Professor, Department of Geography, Faculty of Environmental Studies, University of
 
Waterloo, Canada
 

Chairman of the CIMMYT Board of Trustees, Dr. Matthews has a PhD in Soil Chemistry,
 
with minors in Geology and Physical Chemistry, from Cornell University (1952). He has
 

taught soil science, geography, and related disciplines at Lading universities in Ontario
 
and served as Vice Chancellor and President of the universities of Guelph and Waterloo.
 
In addition, he has held a series of directorships with national and provincial associations
 
on higher learning. His activities in the private sector include appointments as director of
 
firms such as Campbell Soup Compmy, Mutual Life Assurance Company of Canada, and
 
John Wiley & Sons.
 

MICHAEL L. MoRis (USA)
 
Economist, CIMMYT Economics Prograin
 

A forer Peace Corps volunteer in Sierra Leone, Dr. Morris received his PhD in
 
Agricultural Economics from Michigan State University in 1986, specializing in
 
agricultural dcvelopment/food policy and related fields. His contributions at CIMMYT
 
have focused on commodity sector and policy analyses related to maize and wheat,
 
including an extensive exami natio of the Paraguayan maize sector in collaborati,..A with
 
the national program and a study of the comnparative advantage of wheat production in
 
Zimbabwe. He has also coordinated research on major trends and policy issues in the
 
maize and wheat economies, the results of which have been published in CIMMYT's
 
Facts and Trends series. During the past year he has helped develop and analyze a study
 

on the impacts of maize research in developing countries. Presently he is involved in
 
evaluating the returns to wheat breeding research in Nepal.
 

RICHARD PERKINS (UK)
 
Director of Commodity and Trade Division, Food and Agriculture Organization of the
 
United Nations (FAO)
 

Between 1958 and 1971 Mr. Perkins held teacl';ng and research positions in the faculties
 
of economics at the University of Manchester and agriculture at the University of Newcas­

tle-upon-Tyne, also serving as a consultant in agricultural economics to a number of 
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international organizations and industrial firms. In 1971 he joined FAO as Senior Econo­
metrician in the Commodities and Trade Division, with responsibility for agricultural
commodity projection and international commodity and trade analysis. Since 1978 Mr. 
Perkins has served as Chief of the Commodity Policy and Projections Service, Deputy
Director and, beginning in early 1989, Director of FAO's Commodity and Trade Division. 

SANJAYA RAJARAM (INDIA) 
Leader, Germplasm Improvement Subprogram, CIMMYT Wheat Program 

Dr. Rajaram has furthered the work begun by Nobel laureate Dr. Norman E. Borlaug,
generating widely adapted, high yielding wheat germnplasm for use by breeding programs
of developing countries. His efforts have been tremendously successful, resulting among
other achievements in the development of the Veery family of wheals, whose derivatives 
are sown on more than 5 million hectares throughout the developing world. The impact of 
that research was formally honored with the presentation to CIMMYT of the King
Baudouin International Agricultural Research Award in 1988. Dr. Rajaram completed his 
PhD studies in 1968 at the Univcrsity of Sydney, Australia. 

SIR RALPH RItEY (UK) 
University of Cambridge 

Sir Ralph is a cytogenticist/breeder of wheat, formerly Director of the Plant Breeding
Institute, Cambridge, and Chief Executive of the UK Agricultural Research Service. He 
has served on thc Board of Trustees of'he International Rice Research Institute (IRRI),
and is cuIently a Trustee of the l;tcrnat~onal Center for Agricultural Research in the Dry
Areas (ICARDA). His honors include the titles of Fellow of the UK Academy (Royal
Society), Foreign Associate of the US Academy of Sciences, Foreign Fellow of the Indian 
National Science Academy, and member of the Ac'ademie d'Agriculture of France. He 
won the Wolf Foundation International Prize in Agriculture in 1986 and was Chairman of 
the 1988 External Program Review of CIMMYT by the CGIAR Technical Advisory 
Committee (TAC). 

LEOPOLDO Soiis (MFxIco)
 
Director General, "Lucas Alamin" Institute of Economic and Social Research
 

Lic. Solis studied economics at the Mexican National Autonomous University (UNAM) 
and Yale, where lie obtained his MSc, specializing in aggregate economic models. He 
subsequently worked as an economist in Technical Office of the Mexican Central Bank, as 
Supervisor of Economic Analysis for the Bank's Department of Economic Studies, and 
later as head of that dcpartnent. In 1970 lie was named Director of the Coordinating
Office for Economic and Social Planning of the Ministry of the President. Upon leaving
that post, Lic. Solis conducted research as a Visiting Professor at the Woodrow Wilson 
School of Public and International Affairs of Princeton during 1975-76, returning to 
Mexico to accept the position of Subdirector General of the Central Bank, an appointment
he held until 1985. He has also served on the Development and Planning Committee (an
advisory agency of the United Nations Gcneral Secretary) and as Coordinator of the 
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President's Committee of Economic Advisors. He is a member of the Mexican Academy 
of the Spanish Language and the Mexican Colegio Nacional. 

ALVARO UMA A QUESADA (COSTA RICA) 
Vice President, Environmental Study Center, Central American Institute of Business 
Administration 

In addition to a PhD in environmental engineering from Stanford University (1979), Dr. 
Umafia holds degrees in economics, environmental pollution control, and physics, and was 
conceded the degree of doctor of laws honoris causa from Williams College. He served as 
Minister of Natural Resources, Energy, and Mines of Costa Rica from 1986 to 1990, and 
is currently President of the Arias Foundation for Peace and Human Progress, an associate 
professor at the Instituto Centroanericano de Administracidn, a member of the Executive 
Council of UNESCO, an advisor for Ihc Nature Conservancy and the World Wildlife 
Fund, a Trustce of the Centro Internacional de Agricultura Tropical, and a consultant on 
energy planning and policy to the United Nations Development Program (UNDP) and the 
Costa Rican legislature. 

Guy VALLAEYS (FRANCE) 
Ex-Advisor tc lic Director General, Center for International Cooperation in Agricultural 
Development Research (CIRAD) 

Upon finishing his university studies in tropical agriculture in 1948, Dr. Vallacys served 
first as head of coffee and cacao tree improvement at a research center in Zaire and 
subsequently worked for more than two decadc, at the Tropical Agriculture Research 
Institute (IRAT) in France, where he held the positions of Deputy Director of Research 
Programs, Director of Research Programs, and Deputy Director General. Since his 
"retirement" in 1983, lie has lent his expertise in advisory positions with the Department 
of Scientific Research of the Ministry of Foreign Affairs, the Department of Research in 
Cooperation of the Ministry of Research and Technology, and the Center for International 
Cooperation in Agricultural Development Research (CIRAD). In addition, he has served 
on scientific and technical commnit:ees of the University of Paris, the West Africa Rice 
Development Association, and the French Institute of Scientific Research for Cooperative 
Development (ORSTOM), as well as on the governing boards ofa number of international 
agricultural research centers, including CIMMYT. 

DONALD L. WINKELMANN (USA) 
Director General, CIMMYT 

An experienced economist and professor whose research and teaching career includes 
work at the University of Minnesota, Iowa State University, and the Graduate College of 
Chapingo, Mexico, Dr. Winkelnani received his PhD in Economics from the University 
of Minnesota in 1963. He is the founding member of the CIMMYT Economics Program 
and served as its Director from 1978 to 1985. In those capacities, Dr. Winkelmnann was 
instrumental in the formulation and dissemination of the on-farm research methodology 
and helped define the role of economists iii commodity based ag,,cultural research. He has 
served as Director General of CIMMYT since 1985. 67 



DISCURSO INAUGURAL 

ERNEsO ENRIOU.Z Ru131o 
SUBSF CRE'IARIO DI: AGRICIJIIhRA 

IE Mf-xICO 

Sr. Burton Matthews, Presidente del Consejo Directivo, 
Dr. Donald Winkclnann, Director General del CIMMYT, 
sefiores embajadorcs, sefiores inwstigadores, sefioras y 
sefores: 

El cambio ha caracterizado al mundo moderno en los 
dltiimos 20 afios: quien no cambia, rctrocede, quien no 
cambia con la vclocidad que requiere el cambio, no se 
mueve. Democracia con justicia social, libertad con 
seguridad juridica, apertura de incrcados con equidad, 
participaci6n politica de las mayorias y las minorfas, son 
principios quc se debaten en todo el mundo. En cl irea 
tccnol6gica, lo quc ayer era cl radio, hoy son microondas y 
fibra optica, lo que antes era cruzaniento de variedades 
hoy es biotcctologfa y cultivo de tcjidos, lo que antes era 
abrir tierras sin medir el impacto ecologico, hoy se 
convierle cn agricultura sostcniblc. 

Mdxico no podia quedar al margen de estos cambios; 
prinmero, de una organizaci6n eminenteniente centralizada 
liene un cambio dranitico en los tiltimos 10 afios hacia 

una organizaci6n prefcrentemente descentralizada; de una 
organizacion basada en el clientelismo politico se abre a 
un sistema basado en un r6gimen de parlidos; de un estado 
administrador busca ser un estado conductor; de un 
proteccionisino a ultranza busca la productividad y de un 
estado de scguridad juridica va a un estado de seguridad 
social. 

En este contexto, la agricultura mexicana tambidn 
experimenta dramniticos cambios. El primero de ellos, dc 
un enfoque de empuje de oferta estAi caunbiando a un 
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crifoquc dc jal6n dc dcinanda; basta un solo ejemplo, cl caso dcl trigo mexicano, para 
scfialar esta transformacirn de una economia cerrada en donde el estado cra responsable 
de la comercializacidn. El trigo ",alia lo rnismio cn un lugar o cn otro, indepcndicntcncnte 
de donde sc produjera o que hubicra quc transporlarlo 3,000 kilometros y guardarlo 
durante once inoses. Asi, cn el ;ingulo noroestc dcl pais en 45 dias sc produce cl 93% de la 
producci6n nacional de trigo; cl 7W4 dc dicla produccion sc transporta meis de 1500 
kil6metros y se conserva durante once meses aiites de ser consumido. Al abrirse los 
xnercados, habr.i un cambio sustancial en las entidades que producen el trigo yen el patr6n 
dc cultivos en Mexico. 

El segundo punto es cl de inanejar una agricultura con costos reales. Hasta hace cuatro 
aios, la agriculiura mexicana contaba con varias fuentes de subsidios: subsidios en la tasa 
de inferes, en el seguro, en el fcrtilizante, en las cuotas y cl costo del agua, en el trarisporte 
y en la comercializacion. El pasar a una politica de costos reales implica otro drarnitico 
cambio pa ra el pais. Por ejemplo, hasia hace pOCoS aiOS, en los colites directivos los 
productores discut (an los costos con la auloridad pa ra elevarlos lo imis posible, ya que en 
base a esos costos sc daba crddito y se Iijabha los precios. Hoy dia, los precios, salvo ci el 
caso de dos cultivos, maiz y frijol, sc Iijan po r cl iercado, po rc fcrcncias intcrnacionales 
y un margen de protcccirn. El crudito ha tcnido un camloio substancial cii los tiltimos dos 
afios y ahora se otorga ya no en lunci(,n dcl costo dcl cultivo, sino de l productividad 
csperada y cl ingreso, quc es cl que dctcriniia Ia capacidad de pago. El seguro se 
transforma de un seguro dc crddito del cual provenia el 851 de las recupcracioncs totales 
del crrdito, a un seguro de dafios catlasirtlicos tLuc protege contra eveltoS 11o imputabIcs al 

productor. 

lIa politica de fertilizantes ha cainbiado Iotalimiitc. La mayor produccin de fcrtilizantes 
del pais se da en el sureste dc Mrxico. Antes cl fcrtilizante valia lo inismo en cl sureste 
que en el tioroeste o el noreste y, en consecuencia, las entidades mienos desarrolladas del 
pais, las del sureste, subsidiaban los fletcs de las mis desarrolladas. De esta forma se 
anulaban las ventajas comparativas que tenia el sureste por su cercana a los ferilizantes. 
En cambio, se aceluabain sus desventajas comparal ivas cii los rubros cii que su 
productividad era menor comparada con las cniidadcs noricfias. Los precios del 
fertilizAite a partir de cste afio se estableccn en funciin de la distancia. Se abrieron las 
fronteras para que pueda liaber tanmbi6n compeilncia con las empresas de fertilizantes 
extrar eras, se vendid la cipresa cstatal de fertilizantcs y se amplid iagaina de 
prove, lores de fertilizanics a los productores mexicanos. 

El monopolio estatal de la producciin e investigacitin de semillas se abre para que los 
institutos privados y particulares puedain invesligar, traisloriar, comercializar. Hay 

cambios substanciales enimateria de comcrcializaci6n. El gobierno hasta liace Ires afios 
maiejaba pricticamente todos los b;isicos; acltualinente ialheja 6jiicamente maiz y frijol 
en una proporci6n no mayor del 30%,. Finalmnctc, hay libertad para realizar el transporic 
en las regiones, sin ninguna limitacidn. 
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En este contexto de refonnas cra nccesario hacer cambios tambi6n en matcria juridica. La 
legislaci6n contenia scvcras restricciones quc impcdian quc la propicdad social pudicra 
evolucionar. El p;irraf) tcrccro dcl Articulo 27 constitucional cstablccc dos tipos de 
propiedad: la propicdad ptiblica y la propicdad privada. Esta tiltima csti sujcta a 
restriccioncs quc el intcrds ptiblico scfiala. Asf, la propiedad privada incluyc Ia propicdad 
particular, la comunal y la ejidal. Exiscn rcstriccioiics iiiis scvcras a la propiedad 
comunal y la cjidal quc a la pcqucfia propiedad, como por cjcmplo, las rcstriccioncs de 
dominio, de libertad y asociaci6n, rcstricciones de actos normalcs de operaci6n quc 
requier el cambio. Por lo tanto, la r'orma actualmnicol debatida cn el conslituyentc liene 
tres enfoqucs, cl primero dc seguridad juridica quc climina el reparto agrario. 

Mxico cs cl iinico pais cn el mundo en quc hubo un reparto agrario, un rcparto quc ha 
durado 74 afios. La seguridad jurfdica significa quc una vcz aprobadas las reformas, el 
pcqucfio propictario no cstarni sujeto a quccn cualquicr inonclolo o por cualquicr 
circunstancia tcnga quc ir a juicio para demostrar su propiedad en virtud de quc otros la 
solicitan. Asimismo, significa que cl comuncro y el cjidatario ya no cstariin sujetos a que 
cada dos aifios sc haga una revisi6n quc pudicra privarlos dcl dcrccho quc la naci6n les ha 
otorgado. 

Si se aprucban las refonas, comuncros, cjidaltarios y pequefios propictarios tcndrin 
seguridad juridica, derccho bKisico quc cl gobicrno debe garantizar. Esto significa quc 
existirnin Iribunalcs en los quc sc podrin ventilar las diferencias entre las onnas de 
tencncia y quc, por coosiguicolc, Iaautoridad administrativa ya no tcndri la facultad de 
dar y quitar, dc ser jucz y partc sin estar sujcto a los t6roiinos, condicioncs, caducidad y 
prcscripci6n quc todo ordcn juridico dcmanda. 

Asimismo, sc estahlcce claramicnte hi pcqucfia propicdad y se incorpora la pcquefia 
propiedad forestal, quc hasta cste lnollcno no sc habia definido, :afin de pcrnitir su 
desenvolvimicnto, sa ncionando severacnicole cualquicr acci6n de acapa ramiento que 
pucda llcvar al latifundio. Y por tiltimo, sc pcniitiri quc los productorcs hagan mejoras, lo 
cual hasta estc afio estaba sancionado y quc cr aba un circulo I)crve1 ce cel quc se 
prcmiaba al incicicntc y sc sa cionaba all cficicnte. LI re fornma tambidn elcva a categoria 
constitucional la protccci6n a la comunidad y el cjido, equipanrindolas y d;indoles la miisma 
scguridad y las libertades quc liciic cl pcquefio propictario. Qucdarin protegidas tambidn 
las comunidadcs indfgcnas y el tcrritorio dcl cjido y dc la comunidad al crcarsc la 
posibilidad de la rcstituci6n dc tierras y bosqucs a las coinunidades. Por otro lado, los 
productores podrin, sin distiogo de tencocia dc la ticrra, asociarsc y, con cicrtas 
modalidades, transfcrir la propiedad de sus biccs. 

En apoyo a esla reforia sc requicren tambicn cambios substanciales en matcria de 
crddito. Esta rcforma iri aparejada de un proccso de capitaliaci6zn dcl campo inediante un 
anilsis de las deudas acumuladas por raz/oncs de ajusle econ6mico, de competitividad y 
catastr6ficas, a fin de reincorporar al cr6dito a miles de productorcs. En apoyo a la medida 
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se canalizarin para el pr6xinio afw 21 iril millones de pesos, 1.7 mil millones de pesos 

para apoyar a la infraestructura hidroagricola. Asimismo, se establece un sistema de apoyo 

dirccto a los productorcs, sobre todo a los menos desarrollados. Como rcsultado de la 

politica agnrcola, el esfuerzo de los productorcs y buenos afios de Iluvia, cl pais ha 

rccuperado la total suficiencia dc los cultivos dc mai/z y frijol, produciendo 14 millones de 

toneladas dcl prioc ro y 1.2 milloncs dcl scgundo. En trgo, cstanmos a punto de lograr la 

autosuiciencia, pucs sc prdujcrnmaiis dc 4 2 IillonC., UL toneladas de fcse cercal. 

Esto no quicre decir que las cosas cst6n bien en cl campo nlcxicano. El 26% de la 

pohlaci6n econ6micamentc activa todavia vive en cl campo. Existe un gnve deterioro de 

los recursos naturales y lh infracstructura alimaccnaria es incficicntc, a lal grado que en 

algunas zonas cl 30%J/de la producci6n sc picrdc por falta dc una red dc frio o un sistema 

dc alnacenamicnto adccuado. Tambid hay problimas cn cl transporlc, pcro sobrc todo 

existe una gnn dcbilidad de organiM'zaci6n comI Un cn ILIuC a la producci6n dc los 

productorcs. 

En los pr6ximos mcses tr,bajaremos cn lh im !..iitaci in de un csqucina para organiar a 

los productores por producto. Las distintas organizacioncs de productorcs se rcunirin con 

industriales, comerciantes y investigadorcs con cl objcto dc buscar el equilibrio entrc cada 

uno dc cstos agcntcs econ6micos. La invcstigaci6n scri validada por los productores, las 

organizacioncs concerlarin sus precios y cstablcccnin con los bancos las condicioncs 

sobre las cualcs pueden cstablcccr su c;,pacidad dc pago. Estas organizacioncs sc verin 

fortalccidas porque cl gobicrno federal rcalitati una tra nsfercncia total dc las 

instalacioncs qoc act ualinCtc manja. Dc liccit, cl proccso ya ha comcnzado: de las 650 

instalacioncs que cl gobierno Federal tcnia en I 99( (incluycndo fibricas, centros de 

demostracidn, laboratorios, cciiiro. de fonieito y puntos de control cuarcntcnario), todas 

mcnos cinco qucdanin en manos dc las organit' cioncs de productorcs antes del rues de 

abril 1992. 

La invcstigacidn y la tccnologia es cl segundo aspecto de la niodernizacion del camnpo que 

va a rcquerir cl miximo esfucrzo. Adeiiis de vincular la asociaci6n dc los productores 

necesitarnos establccr las provincias agron6micas para que los productores en un marco 

dc liberiad produ/can donde sus venlajas comparativas les permitan alcanzar ci nivcl de 

ingreso y bienestar al que aspirni. En un cambio al sistcma total dc cxtcnsidn dcl gobierno 

federal, la asistencia tccnica seni inanejada, contratada y pagada por los productores. El 

gobierno fcdcrai conservani solanene los servicios dc extensi6n a fin dc vincular los 

campos de investigaci6n con los servicios de asistencia t6cnica. De un aparato burocritico 

que lleg6 a 35,00[) emplcados, quedaran 2,5010 antcs de quc termine 19()4. Los productores 

contralain asistencia t cnica en cuatro modalidades: I) mediante el pago directo, 2) con 

cargo a su crddito, 3) con cargo a su productividad espcrada, y 4) con un reembolso 

dccrecicntc del gobierno fcdcral durante tres afios. Dc esta mancra, inin asumiendo la 

respoitsabilidad de la asistcncia tdcnica, entendiendo quc no es un gasto, sino una 

iiiversi6n. 
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No obstanle, estos cambios no puedcn darsc si no insirumentamos, pamr los quc menos 
tienen, una red de proteccidn que abarque I) la asociaciin en parcelas de demostracidn y 
en producci6n, 2) apoyos dircctos a los producorcs para conipensar loS diferenciales de 
subsidio con otros paises, 3) capacifacidin %,4) inl'racstnictura para la convcrsi6n 
productiva en zonas donde la alternativa agricola no lo es (en los proximos aios casi dos 
millones de lecluireas pasaiin a la ganaderia o aali explotacion forestall). A.siinismo, se 
fomentani la incorporaci6n a oiras actividades, c~ino la turistica o Ila inera, se realizarin 
obras ptiblicas y de inversi6n para generar e1nlpleo Iranlsitorio y se promoveri hi 
educaci6n, los se vicios de salud N,un programia especial de nurici6n, a fin de 
gradualmenite, en un penodo de 21 afios, lograr la conversion iotal de li igricultura 
Inexicana. 

Eu este contcxli, el papcl del CIMYNI YT idquicrc una especial relevancia, pues esti 
vinculado dcsdc su I'uindacitin con l producCii6n triguera ell Me'xico. NI;is del 0()r de la 
misina, es decir, inis dc Ires unillous v iledio de toneladas cada afio provienen del 
germnoplasma generado por cl ('ctilrt. 1:1l 'IMM'YT ha desa rrollido famhli variedades de 
mail. .V,entre oiros esuLer/os, rc;ali/a lli progronia dc hilveslig;aciiin IItlJV iticns'ivo 
orientado a crear gernioplisni nliordtt) plUC s'c di a los valles Illos de %16xico. No 
podenios liablar del CIMM T s"in melicimiar i Dr. Normian Borlug v el Dr. Edwin 
WcllhatIseln, dos hofinrcs que ha31 IicCIIOCilj C llaclmiics aIa lr)duICciin nacio.il de 
trigo y de nali. Cibe recordir t;inliCn a los loul invcsliiiors iniexicainos que lin 
venido al CIMMYIT plri adquirir nevws conocimicnitos y tecnclogi~as. Asimismo, deseo 
mencionar a los 85() lmllCicanlos quc lahoran [tdos los dias ciste Centro v que asi 

contribuven a incrcineniar la produccion v productividad en cl campo. Los pr6ximos afilos 
senin de enoric Irbahajo para cl CIMMYT, .11110 Coll Cl INIFAP, cl insliluto de mixima 
complejidad en Mxico en malcria dc iivctigaci6ii lorestal, agricola y pecuafla. 

El scfior Secretario mc instruy6i plantearles a ustedcs cinco areas fundaimentales de 
trabajo. Li primera de 'las es Il rcgional ia/eiin en base al potencill productivo. El 
prtximo afio, se echari a andar un prograina intfeisivo de asistencia 1tcnica, mianejo de 
semillas mejoradas v fertilizaci6n, coordinado por cl INIFAP y en el que colaborani el 
CIMMYT. Dicho progranna aharcara 1,3(0),(0100t hecaircas y en dos aios se espera 
incrementar en A llCInnos un 5()'( la produccnin de mlai Nyfrijol en esas /onas. Aunque el 
CIMMYT y el INIFAP tendrain l carga y h responsabilidad fundamental, el gobicrnio 
federal asiginmi a este prograina, i elacoaoraci6n Con los gobiernos de los estados, m;is 
de 150 railmillones de pesos. 

La segunda es el incremenio de la producLividad en los valles altos de Mkxico donde se 
encuentran dos terceras partes de la superlicie scinmbhrda coi maiz en valles altos en el 
mundo. Se requicre un esfuer/o substanciaI para incremeniar lanto los rendimientos como 
la resistencia a bajas temperaiuras. lilbr;i que increncniar tamhi6n la productividad en la 
zona del centro y facilitar cl cainbhio de varicdadcs dc trigo a fin de aicnder a un mercado 
que ahora no Ic imporia tanio el voluien. siio la calidad. 
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El terccr punto consiste en accecrar la gencraci6n de tecnologias rentables quc permnitan 

abatir costos y, Io nuis importante, lograr una producci6n sostenible, teniendo en cuenta 

que la proteccioin de los ccosistcmas cs una priofidad insoslayable. El cuarlo implica la 

asociaci6n dcl INIFAP con cl CIMNIYT cn programas que introduncan altcrnativas 

pueden competir. Elproductivas cn las ionas qoc actualu cnlc pot raoncs dc inercado no 

dltinio punto dcnanda la illcorporacion dc tecitlogias y cl valor agregado para vincular la 

producci6n hKisica con su tra slo rmaci6n. 

Sefiores y sefioras, el sefior Secrelario mc ha insiruido transferirlcs cl rcconocimiento a 

y por cl impaclo Iniscendental qucestc organismno por 25 afios de servico a la humanidad 

ha tcnido cn la producci6n agricola nicxicana. Finalnicnc, el 1. hicrno de Mkxico cspcra 

dciostrar que con el csfucrio conjunto de instituciones conio cl CIMMYT y de 

organizaciones cstatales, y con e l apoyo dc los productorcs, en los proxitios alios sC podri 

hacer una convcrsion sin precedcnte en la agicultura en M6xico. Muchas gracias. 
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REsumNII; 

El progreso IL'LnologicL onsfltitUi'L' ha /Have tnaLstra quc llos 
dara (iLLL'( it los incncfltos tiL' productividad que se 
re'queritdin l 'iJturo pairc asciurar til suiniuro adccuu­
do tIL' ahi/if'iI a l0ci oflocjmjL'los cIuL )iL'LLsitamfos para 
aimntalfitpa/roductivid/ac tie los rL'Lursos naturaics. La 
inv'Lrsijon ell £'51c)5 Loc)iinlii e., it Jprioridad mads critica 
paraclfiatiro. Las eslrcileLgiasquL' uscn para lograr til 
desarro/loagrco/aglobal tctidran quecLonsidL'rar los 
siguicalL's c/Lenmos.- 1)/ai rejfiln tie p/l iis iflLflicillL's; 
2) el meL'orantiL'notie'his illsfilucioneL' en genLeral Y espL'Liji­

camelfl cs qiw L'stat ai L'ervicio c/e /a cigricu/turci;.3)til 
/)rogramieii(L aLcciin dirigidlc i mej'ftrcir l mancjo dce los 
recursos naturac.', Y 4) tin jprogrcso tL'LnologiL() Contifluc) 
gracis a hit invL'rsjoii colisianteL en ha iiivcsigaLi~n (igricola 
Y eni his ciuvdadies que i:ti''ncl)Linielos, Len e'speciail 
eni los sistn!Lms L'ducai os. El CIAMYT se cclrai en 
Incre'Pn'ar 1(a productivida/ tiL' los cultivos quc los pobrcs 
coflstinel, .1 L'sto e's tcllin~ Io cjuc dchb haccrseimra 
rcducir la pohr'zci L' iuair Lel LrL'cinfliL'to cofonimo. As 

puecv los reL'os pt' l C/AlA 117 'v oros ce',lros interncicionai-
Ics afronian son 1) t'nconiratr nuccas mncrcis t/e cohiborar 

/Coll los sist'mas nioale ti/Le inivLstigacicin agicola eLl 
tflLjoratniLnt() dl sina~t~ inunlicil cIL'generaci~it, difusiil 
imllcnia(i iedL' cunoloy (a, V2) c/ar tnci~or atcnciilt a 
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cierlos aspeclos de sus actividades de investigacion(por ejemplo, la investigaci6n en 
beneficio de los ambientes marginales ), de la sostenibilidadde los sistemas de cultivo). 

Como rcprcscntantcs del Banco Mundial, estamos encantados de tenor la oportunidad de 
participar cn esta coimina1oraci()ln tan especial. Es especial en muchas formnas, como Io es 
cl mism(o CIMMYT. En los afios de [Ormacidn dcl Grupo Consultivo sobre Invcstigacio­
nes Agricolas Intcrnacionales (CGIAR), sc cspeculaba sobre su posiblc cvoluci6n y sc 
hablaba vagamcntc de la "vida natural" dc los centros intcrnacionalcs, que sc consideraba 
serfa de unos 25 afios. Nosolros no fOnnibanios partc de esos cspeculadorcs y hoy, para 
exprcsar nuestra opini6n personal, veinos quc la necesidad de que exista el CIMMYT o 
algo muy similar a 61 pcrsistirni por Io mcnos duranic varios dcccnios y probablcmentc por 
inis tiempo. 

LAS FIUNCIONES CIAVES )E LA A(;RICIIJlITRA EN El. I)ESARROLI.O 

Fste no es cl momento iii el luga r para intenilar una revisi6n de las conjeturas sobre las 
diversas funciones quc podnra tener la agricultura. MAis bicn, descamos coincidir con el 
COliSCnso alcanzado de que, al mcnos en machas economi(as agrarias dcl munIIdo mInos 
desarrollado, la agricult nra desempcfia una funci6n lundaimental como motor dcl cre 
cimiento econ6mico. Millones de personas pobres viven y luclian para subsistir en las 
zonas ruralcs de esas economias y la lorma m:is cliciente dc incorporarlas al proccso de 
crcciinicnto ccon6mico cs a Iraves del desarrollo agricola. Por supuesto, sc puede flomen­
tar la luncion de Ia agricultura en machas formas difercnies. Por ejemplo, en una 6poca 
anterior la provisi6n dc servicios de irrigaciin era una fuertza impulsora importante, en la 
cual nuestro propio organismo particip6(activainentc. Como todos los asislentcs saben, la 
cficacia de esc desarrc lo infrlcstructural fue cstimuladb Lii los 60 y los 70 por la Ilegada 
de las variedades modenas de ccrcales y la disponiblihdad mucho mayor de ferfilin ntes 
para las zonas m;is hiimedas y las irrigadas. No obstante, los ticmpos han cainbiado y, 
cuando considcramos las perspectivas de lograr nuvos aumentos cn las zotas irfigadas, 
encontramos posibilidadcs limitadas y, por consiguiente, gran prcocupacian por cl sosteni­
miento de las infracstructuras rurales existentes, muchas de ellas ya anticuadas, basadas en 
las instalaciones dc irrigaci6n. En el Banco nos hemos preocupado por eslo y hemos 
iniciado Varios programas de acci6n cn dives.os paises mediante revisiones dcl sector 
irrigaci6n, nuestro cnfrgico apoyo al Inslituto Intcnmacional de Manejo de la Irrigaci6n 
(IMMI) y, mis recientemente, una importa nte iniciativ a para lh promoci6n de investiga­
ciones tccnicas sobre la irrigacioli v cl drenaje, con cl fin de abordar alguinos de esos 
problemas quc no han sido rcconocidos iii atcndidos adecuadamente cn los tiltimos 
decenios. A pcsar dc to quc se dice, cl Banco csi;i realmentc interesado y parlicipa acliva­

niente cn la soluci61i de los problemas tccnologicos. 

Muchos estudios han demostrado quc cl dcsarrollo agricola impulsado por la tccnologia 
puedL contribuir en forma considerable al crcciiienlo de los ingresos nacionales y no es 
neccsario que los reexaminemos aqu. Una literatura amplia y rois polcmica analiza los 
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efectos que ha tenido el cambio tecnol6gico enila reducci6n de la pobreza (Lipton 1980; 
Hazell y Ramasamy 1991). 

Las articulacioncs con scctores n) agnrcolas gcneradas por los cambios tecnol6gicos 
pueden acentuar tanto el crccimiento ccon(mico como los cfecos reduclores dce la 
pobreza del mejorainicnlo agricola. Una agricultura cn dcsarrollo requicre insumos no 
agricolas dc la producci6n y proporciona inaicrias piimas a cmprcsas de transporte, 
procesanmicito y comercializaci6i. Asimismo, los incrcnientos de los ingresos agricolas 
provocan una mayor dciianda de biecs y scrvicios por parte dc los consumidorcs. 
Ademis de estinmular el crccinicnto ccoim1ico nacional, esas articulacioies entre la 
producci6n y cl consuUio influyen en la pobrcza y los patroncs de crccimicnto cspaciales, 
en particular cuando el desarrollo agricola se produce en las nuincrosas nincas pecquefias y 
dc la mafio mediano (Johnston y Kilby 1o75; Mcllor 1976). Como gran parle del rcsultantc 
crccimiento dc las actividades no agricolas ocurre cn las zonas rurales y pueblos 
pequefios, ta ibi6n puede contribuir a frcnar la emigraciin hacia las ;ireas urbanas. 
Ademis, los lipos dc bicons y servicios no agn'colas rcqucridos por las fincas pcqucfias y 
medianas suclen ser producidos por enmpresas pcqucflas con mano de obra iniensiva, cuyo 
creciiento pucde a su vcz aumeniar las oportunidadcs dc emplco de los iohres. Fstos 
cfectos han sido [uries en Asia (vtase, por ejemplo, Bell el al. 1982; -fitzell y Ramasa liy 
1991), pcro al pareccr son mis d6hilcs cn Af'rica al stir dcl Saliara (H-aggbladc ei al. 1989; 
Haggbladc y Hazell 198Q). 

El debate sobrc la necesidad dc combatir la pobreza ha sido esiimulado pot la publicaci6n 
del Informe sobre el dcsarrollo mundial 1990, donde, cnitre otras cosas, sc sefiala (p. 29) 
que "la pobreza ... tieide a ser peor en las zonas turies, ... [como Io soil] los problenas de 

malnutici6n, [alla dc educaci6t, corta espe ra iza dc vida y vivicnda deficientc ... Esto 
sigue succdicndo cii Amnrica Latina, a pesar dc las tasas clcvadas de urbanizaci6n ... Ila 
pobreza rural] es on factor crilico ci la incidcicia y las diniensiones de la pobreza cn 
gcncral." Subsistci las difitcaitadcs de delfinici6ii, pero son abrumadoras las pruebas dc 
que los organisnos de desarrollo dcheii conceit rar sus progranias imis directamentc en 

csic problcma b;isico y buscar con urgetia medios cficaccs para mejorar la situaci6n, 
sobre todo ei las zonas ruralIcs. -ie es un proble ma pan, organisiltos como el nuestro. 
Como tal, no parece merecer oi lugar dcsiacado cn cl programa de trabajo de instituciones 
orientadas a las tccnologias cono cl Imm YT. Recie iitmente lieillos vislo c6iio el 
Coni[t Asesor Tcnico (TAC), cn su tilima rcvisi6d dc las prioridades, incluye las 
dimcnsiones de la pobrea cii los critcrios quc siguc ci la asigiaciun de recursos a todo el 
sistema. El CIMMYT debe Itor cii cucnta, y scguraimene lo hace, que dar una 
impotaiancia cxcesiva a la equidad pucdc represeniar un costo considerable en t3nninos de 
la obteiici6n de los objetivos gencrles. Eu! rc lIan, el CIMNIMYT se concentra en 
aumentr la productividad de l(os cultivos quc coiisumcin los pobrcs y csto es lo que sc 
debe Iacer para aliviar la Ipbrcia y igrar cl crcciniicito ecolltilmico. 
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PERSPECTIVAS PARA EL FUTURO 

Como heios scfialado, la dinmimica continua dcl crecimicnto demogrifico nos obliga a 

afrontar poblacioncs cada vcz mayores, especialhnnte en el mundo nmcnos desarrollado. 

No Cs probabilc quc las fucrias que operan allf disminuyan antes dcl 50 anivcrsario del 

CIMMYT y, por consiguicntc, dcbcios prctpairnos para combatir ese problnia. Lis 

demandas de alinientos y, en menor medida, dc fibra, impondrin grandcs prcsioncs sobre 

los recursos naura les que soslicncn hi agricultura. Algunos obscrvadores, como Lester 

Brown, cst;in cn extrcmo preocupados por cstas tendcncias y, al contcmiplar las 

perspcctivas, halhin en t6rmios que s61o pucdcn dcscribirsc conio "alanriistas 

nalthusianos". Nucstra propia opini6n cs mis positiva, si bicn no en la misma incdida quc 

la do.los comnitaristas contcmporiincos tias ol)timistas conCo Delis Avery. Al considcrar 

los problcmas, es evidente que ya no existen muchos de ios lactorcs que han impulsado el 

desa rrollo agricola en cl lasado. En gnin paric de Asia h cxpansi6n dc ticrras cs 

minuscula. Es posible que ticrrs adicionales se dcstincn al cullivo en partes de Ainmrica 

Litina y, en lmelnor grado, cn Africi, pcro atin eniUSoS Casos dcbcnos busca r Ia respuesta a 

la dcnianda futura imis alhi de Ia expansion de leirrs cultivahles. Existen problemas 

similarcs cn cuimito a Ia posiblidad de cxtcnder las ticrras irigadas. En vista de todos cstos 

aspCCtos y, ptor rizols de brcvcdad, omiticndo ot, is situaciones rclacioniadas conlo ia 

altcracidn dcl cima y los recurNos filogcu6ticos, nucstro diagndstico cs quc el progrcso 

tccnol6gico es h lavc nmacstra luc los dari acceso ;alos amnientos de h productividad 

quc sc requerinie en cl futuro para ascgunir uu Suninistro adecuado de alimentos. 

Sc Cxa mii CslC ICIMa Cr1U1 recicnle inlornic prelimimir que prepirtmmos ci nuestro 

departaniento ;icerca del cslado de hi agricotllura cli los pr6xiumos deccnios hasta el afio 

2(30. Atii resta rcalinar el trabijo delinilivo CIIeCst caimpo, pero considerainos que la 

in'ersiin cn generar conocilientos quC con rihuyami ;iaulcntar h productividad de los 

rccursos agricolas cs a pri6oridad imis crit ic;ipai cl futuro. La insliiuci~lnalizacioin de esa 

inversi(n liene naturahiente aspcclos iniCracioiales y iaciona les iuy imporlantes y en 

el Bainco los ablordanos en hi mejor imie posible. Considerenos ahora los cleientos 

del desarrollo agricola en general. 

CONS I I)ERACIONE' ESTRA'II(;ICAS PARA LOS OR(ANISMOS IDE i)ESARROI.I.O 

Se han considerado varios temas generales en las estraiegias de los organisios de 

desarrollo. que se aplican cointnmnte pals por pals y regioin por rcgi6n. Exalninaremos 

ahora los mis inipcr liantCs. 

Las politicas de reformna. Conmo orgaiinis o aic dcsarrollo, el Bal11Cco haivo pa lcc 

desenpefiado una funci6n enirgic;i (quc algunos podrian iiidluso Ilamatr agresiva) cn 

sefalar hi necesidad de refornar las polilicas incficicntes. Estc ha sido i aspecto principal 

de la politica de prdstanlos que cn cltillino decenio rceniphl)/ a muchas de las 

actividades muis t,adicionales oritinadas;ialos proycclos. Los lprcstuilos ipa n ajustes 

sectorialcs han incluido diversas medidas para rel'Ormar lis politicas. Se ha logrado hasta 

c'ierlo punlto "corregir los precios" de los insunios y los productls cn inuchas partes del 
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mundo, si bien resta inucho que hacer en cse sentido. Ojali ese progreso hubiera sido inis 
universal. Algunas de las mcdidas, como la h, ,iinaci6n gradual dc los subsidios a los 
fertilizantcs, no han ganado para los organismos muchos amigos cn algunos de los ccntros 
interacionales de investigaci6n oricntada a la tecnologia, pero los argumentos en contra 
dc los subsidios a los fcrtilizantcs, por ejcniplo, han sido abrumadorcs. Sin duda sc ha 
logrado una mayor equidad y cficicncia ccon6mica con la reducci6n de osos subsidios a 
los insumos. La historia de los crddifos agricolas, cn muchos casos cstrcchamcnto 
rclacionada, cs monos afortunada en muchos aspoctos, pcro dejarcmos osto para otro dfa. 
A pesar dc cicrto grado de 6xito, el proccso de rcfonnar las politicas a mcnudo ha sido 
obstaculizado y, cuando sc ha iniciado, rara vcz sc ha complctado. En consccuencia, la 
neccsidad de llcvar a cabo csa rc!'orma es muy gCncral. No obstanto, sabcinos tambi6n quo
"corregir los prccios" no sori sulicicntc. Es prociso tenor en cuonta tambi6n otros 
componcntcs de la cstratcgia mundial. 

La capacidad institucional. El micjora mionto de las institucioncs on general y 
espccificamente do las quc cstlin al scrvicio de la agricultura es evidentemonte una 
prioridad clave para el desarrollo, quc ocupa un lugar dcstacado on los planes actualcs. 
Homos coniprobado quo cxislc una concicncia crocicnte de la importancia de contar con 
dirigontos capaces. Sin embargo, al considcrar la calidad de la dirccci6n on muchos paises 
no cncontramos motivos para tranquilizarnos. Por dcsgracia, es demasiado !;niutada la 
capacidad de los organismos do dcsarrollo para lrabajar on cstc aspocto. El Banco ha 
exporimonlado con muchos m6todos, incluido, cii el nivol meis modosto, un sisterna de 
seminarios sobrc polificas del Iistitulo para el Desarrollo Econ6mico para ainpliar la 
cxpcrioncia de los cncargados do la tona dc dccisioncs (pronto habri un seminario sobro 
las politicas de la invcstigacidon agricola cn cl osto de Africa, por ojomplo), medianto 
progranwas de prdstanlos dirigidos diroctanicntc a lograr modificacioncs institucionalcs 
novedosas. En el irca de la investigacidn agricola, tratamos do ofoctuar prdstainos que
fomenton la instauraci6n de mccanismos de planificaci6n y coordinaci6n mris eficientes. 
Parte de nuostra labor do monitorco y cvaluaci6n ha sido disofiada para fortalcccr otrds 
actividados de roforma institucional. El Sorvicio Internacional para la Invcstigaci6n 
Agrfcola Nacional (ISNAR) ha colaborado con nosotros en muchas de las iniciativas de 
invostigaci6n agricola y, por otra parto, tonomos nucstros propios programas
"cxperininntales" on ol dirca dc la cxtcnsi6n agricola. Se abarcan todos los aspectos do 
ostos scctorcs de servicio, dcsdc los cr6ditos y los insumos fisicos hasta el manjo de la 
infracstructura rural. Todos ostos clcmcntos son criticos y, por consiguiontc, ol dosaffo es 
inuy grandc y ofrccc numcrosas oportinidadcs para la comunidad intcrnacional de 
dosarrollo. Fs probable quo el apoyo bilateral, por ejomplo, sea un clomcnto crucial cn las 
estratogias dirigidas a fortalcccr la capacidad do las institucionos nacionalcs. 

El manejo de los recursos naturales. El tcrcor punto importanto on toda ostratogia amplia
de dosarrollo dcbc ser un programa de accion para mjorar el manejo de los recursos 
naturales, scan cs,)s rocursos los suclos, el -gua, los bosqucs, la atn16sfera o cualquier otra 
cosa. Nucstni prcocupaci6n por osas cucstioncs sin duda ha sido cstimulada en los tinltos 
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afios por las actividades del Movimiento Verde, pero los problemas tienen una 
importancia mis trascendente, la cual ha sido reconocida con demasiada lentitud dentro de 
la conlunidad del desarrollo. Sin embargo, al tin se cuenta con muchas iniciativas 
positivas y, si Hien toinari un tiempo considerable para que tengan grandes efectos en el 
mundo, estin correctamente orientadas. La coinunidad de la investigaci6n agricola en 
general y, en los dltiimos aflos, las instituciones viiiculadas con cl CGIAR, modifican en 

fonna considerable sus prioridadcs de investigaci6n para solucionar esos problenias y en 
vcrdad nos complace observar que el CIMMYT no Cs una cxcepci6n. Si bien dcbcn 

continuar trabajando en cultivos espccificos, la labor que realizan el CIMMYT y sus 

colaboradores al evaluar con reiis cuidado y ampliar los proyectos de investigaci6n con cl 
fin de abarcar cuestiones ambientalcs es digna de elogio. Los organismos de desarrollo 

tambi6n han hecho ajustes significativos en la asignaci6n de su propio personal para 
abordar esas cuestiones y nuestra organizaci6n no CS la excepci6n. Todos debemos 
modificar nuestros ndtodos anteriores, a nienudo carentes de previsi6n, con el fin de dejar 
los recursos naturales del mundo en condicioncs razonables para las generaciones futuras. 

Elprogresotecnol6gico. Llegamos asi a la cuesti6n que, en nuestra opini6n, tineila 
mayor prioridad. Como se seial6 antes, la tinica soluci6n viable para iuchos de nuestros 
problemas relacionados con el desarrollo agricola y el creciiniento econ6mico es el 
progreso tecnol6gico continuo, que s6lo pucde alcanz irse inediante la inversi6n constanie 
en la investigaci6n agricola y en las actividades que gencran conocimientos. 
Consideramos que 6sta es un ;irea de un interds ,.special, ya que incluye el sistema 
educativo y sus elcmentos especializados en la agricultura, que en muchos casos han 
tenido niveles bajos e ineficaces. Aquf tainbidn existen grandes oportunidades para que los 
programas de asistencia bilateral y multilateral consideren las iniciativas dirigidas a 

mejordr el sisteina de conociinientos agricolas cn los paises menos desarrollados. 
Tenemos que intentar integrar los coniponentes educacionales de esos sisteinas, asi coeic, 

las instituciones de investigaci6n, exteilsi6n y desarrollo que deben participar activamenie. 
Estamos muy conscientes de que el sector privado podria hacer contribuciones a algunos 
de esos procesos y debemos alentar esas oportunidades con renovada energia. Por 

ejemplo, en el Departamento de Agricultur-a del Banco actualinentc examinamos la 

necesidad de forientar las industrias seinilleras. 

Nos hemos preocupado mucho por mejorar el avance en la generaci6n y transferencia dc 

tccnologfa agricola. Los esfuerzos del Programa Especial para la lnvestigaci6n Agricola 
en Africa (SPAAR), en particular con la asistencia de los especialistas agricolas para la 

Regi6n de Africa, se han concentrado en una mayor cooperaci6n regional y la asignaci6n 
de los escasos recursos humanos actualmente disponibles para los sistemas nacionales. 
Existen iniciativas importantes en las regiones del Sael y del sur de Africa. Sin embargo, 
ain resta mucho que hacer y necesitamos idcas nuevas sobre c6nio trabajar mejor en estas 
greas y otras afines. En este sentido, el desafio que afrontan los centros internacionales, 
jicluido el CIMMYT, es encontrar nuevas formas de colaborar con los sistemas 

nacionalcs de invcstigaci6n agricola, ya que en ,nuchos casos -notablemente en Africa al 
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sur del Sahara- no es eficaz cl sistcma mundial de gcneraci6n, difusi6n y aplicaci6n dc 
tecnologias agrfcolas. 

EL CIMMYT: Los I'R6Ximos 25 AfqOS 
Hcmos vcnido hoy a celebrar este anivcrsario y no a pontificar sobre el fituro. Nos parccc 
que existen fuentes muy atnplias dc asesoramiento institucional en la comunidad de 
donantes dcl CGIAR, los diversos procedimicntos relacionados con el TAC y las mismas 
impresionantcs cstrucluras de revisi6n intena del CIMMYT, todas las cuales 
proporcionan consejos adccuados sobrc el futuro. No nos corresponde entonccs sefialar las 
repercusioncs de nuestras obscrvaciones, sino mis bien clogiar la flexibilidad institucional 
implicita cn las diversas iniciativas quc ya pone cn prActica el CIMMYT. Es cvidente que 
el fuertc compromiso con Ia investigacion ccntrada cn los cullivos bfisicos, ia cual ha 
funcionado tan bien en el pasado, sei una caractcrfstica constante de vuestra labor. Esa 
investigaci6n dcbc continuar a pcsar de la crccientc aeicidn quc habr'i que otorgar a otros 
rubros, cono las zonas imis marginalcs, que no sc bcncficiaron mucho con los logros 
anteriorcs, y las nunicrosas actividadcs quc uslcdcs han rcalizado para aunmcntar la 
sostenibilidad de los sistemas agrfcolas, los cualcs en gencra! sec han intcnsificado y, cn 
muchas formas, sufrcn imis presiones. Lo quc vcnios y ofinos aviVa nucstra fc cn que 
ustcdcs han considerado las dilicullades de csos problcmas y, al cstablcccr sus prioridadcs, 
han sopcsado las vcntajas y dcsventajas inherentcs a ellas. La naturalezm de nuestro 
mundo Cs tal quc las prioridades no son fijas; vemos tanibin quc ustedcs han incluido cn 
sus proccdimicntos de planificaci6n un alto grado de adaplabilidad y dc capacidad de 
respuesta a las prioridades nucvas percibidas. Al cmbarcarse ustcdcs cn csta labor 
absolutamncnlc vital, puedcn estar seguros de quec n el Banco Mundial licnen un amigo 
decidido y confiablc. Lcs dcseamos a lodos ustcdcs lo mcjor para sus pr6ximos 25 afios. 
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RESPUESTAS 

DEREK BYERLIEE
 

DIRECIOR DEL PROGRAMA DE ECONOMfA
 

mt-jL CIMMYT
 

En primer lugar, desco agradecer a los Dres. Petit y Anderson el habernos proporcionado 
este documento esencial para ayudar al CIMMYT a reflexionar sobre lo que seri el 
desarrollo agricola en los pr6ximos 25 afios. Asimismo, deseamos dar las gracias al Dr. 
Anderson por el gran esfuerzo que hizo para asistir a este simposio (lleg6 de Bangkok 
apenas ayer). Dado que el Banco Mundial es copatrocinador del CGIAR, uno de los 
principales donadores del CIMMYT, y una de las figuras riis importactes por derecho 
propio en el desarrollo de ideas, apreciamos en todo lo que vale el gran apoyo que los 
Dres. Petit y Anderson dan a la funci6n del cambio tecnol6gico en el desarrollo agricola y 
al imporlante papel que han proyeclado para cl CIMMYT denlro de este proceso de 
cambio en los pr6ximos 25 afios. 

Ellos hacen hincapi6 en la funci6n vital del cambio tdcnico en la agricultura como un 
motor del crecimiento econ6mico global en los paises de bajos ingresos. El progreso 
t6cnico puede ser tambi6n un elemento importante en la conservaci6n de los recursos, 
tanto en forma directa mediante la creaci6n de tecnologfas que scan inocuas para el 
ambiente como de manera indirecta al reducir la presi6t que impulsa a los agricultores a 
cultivar tier. as inis marginales. Por tiltinio, el cambio tecnol6gico en la producci6n de 
granos bisicos para ]a alimentaci6n hunana ha sido un importante mecanisino para 
mitigar la pobreza en un gran niimero de paises, sobre todo en Asia, aunque estoy de 
acuerdo con Petit y Anderson en que por lo general el canibio tcnico es un instrumento 
inadecuado para resolver problenias de pobreza muy arraigados. 

Todo lo anterior ayuda al CIMMYT a identilicar el papel que deberg desempefiar en los 
pr6ximos 25 afios. No obstante, debemos preguntarnos en qud manera diferirg la funci6n 
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de la agricultura en el desarrollo econ6iico dc los pr6ximos 25 aios en comparaci6n con 

ia de los 6ltimos 25 ahios y qu6 implicaciones tiene para la estrategia futura del CIMMYT. 

En primer t6rinino, ell cuanto a aquellos parses de bajos ingresos que todavfa no han 
experimentado un ripido cambio tdcnico eu los alimentos b~isicos, la tarea quc tenemos 

todos por delante, enl los sistemas dc invcstigaci6n tanto internacionales como nacionales, 

consiste ell proporcionar la base para cl avance tdcnico dc los pr6ximos 25 afios. La 

mayorna de cstos parses dc bajos ingresos se encuentran en el Africa al sur del Sahara, 

donde han disminuido tanto la producci6n de alimentos per cipita como los ingresos 

rurales. La situaci6n actual de Africa es similar a la de Asia hace 25 afios, y una de las 

claves para solucionarla es el ripido progreso tdcnico en los alimentos bisicos, tales como 

el mafz, combinado con un entormo polftico propicio. 

Veamos ahora los parses de bajos y niedianos ingrcsos cuyos sectores agricolas ya han 

experimentado una ripida transfornaci6n grcias al caibio t6cnico. En estos paises, en su 

mayor parte asiiticos y latiuoamericanos, ia situaci6n actual es bastante diferente a la de 
hace 25 afios. Primero, el cambio t6cnico que se requiere en la etapa actual de desarrollo 

es mucho inmis profundo ell conocimicntos y dcstrczas que en cl pasado. Segundo, el 
ingreso eni estos paises ha alcanzado un nivcl en el que la proporci6n representada por los 

granos alinicnticios lendcri a disminuir tanto ei rclaci6n con el ingreso de los agricultores 

comno en cuanto se refiere al gasto de los consumidores, lo cual retleja el proceso natural 
dc divcrsificaci6n asociado con cl desarrollo econ6mico, en el que los consumidores 

exigen productos alinenticios de mayor valor, tales como frutas y verduras, leche y came, 

y las Areas rurales desarrollan una gamia miis amuplia de actividades econ6micas, 

incluyendo eniplcos fuera de las lincas. 

Por tijtimo, cl proccso dc reforna de polfticas agrarias que ha caracterizado al dcccnio de 

1980, tanto a nivel nacional cono (esperemos) internacional, esti dando por resultado 

mercados rois libres para los productos agrfcolas, en espccial para los ccreales, queenelc 
pasado se vefan suniamente afeclados por las intervenciones guberna mcntalcs. 

Los tres cambios fundamentales en cl amnbiente cconumnico quc acab6 dc mencionar, una 

nueva etapa de cambio tccnico, diversificaci6n y reformna de las politicas, tienen varias 
posibleF implicaciones para cl CIMMYT: 

" 	 El canibio tdcnico que reduce la cantidad de tierra necesaria para producir alimentos 

bisicos scguirni siendo un motor de crecimiento, ya que liberari frecursos que 

facilitarnin el proceso de divcrsilicaci6n. Sin embargo, los sistemas de investigaci6n 

tendrin que evolucionar con gran rapidez plra dar cabida a una etapa de cambio 
tecoico mis intensiva en conocinlientos. 

* 	 La diversificaci6n pucde reducir parte de las presiones que sc ejercen sobre ia base 
de recursos a causa del cultivo continuo de alimentos bisicos, tales como el arroz y 
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el trigo. Este proceso ya esti en marcha en inuchos sisteinas agricolas que disponen 
de riego. 

Economias m6is abiertas darin por resultado una mayor cspccializaci6n tanto dentro 
de un misino pais como entre parses, y debemnos preguntamos cu lcs son las 
implicaciones de este nuevo ambiente de las politicas para el CIMMYT. Por 
ejemplo, en condiciones de librc corncrcio de cercaios, "iPodri cl trigo descmpcar 
alguna funci6n en los tr6picos mis cilidos?" o ",Scguiri sicndo cl naiz un cultivo 
importante en las zonas marginaies de Amfrica Latina?" o ,El ripido crecimiento 
de la demanda do maiz en Asia sc salisfaceri mediante cl incremento de la 
producci6n nacional o a travds dc las importacioncs?" 

" El incremnento del ingrcso y iacxistcncia de cconomfias imis abiertas puede debilitar 
la rclaci6n cntre el aumento de la productividad de los granos alimnenticios y la 
reducci6n de la pobreza a travfs de procios mis bajos para los aliniontos bisicos. 
Esto se debe a que en una economia abierta es monos probable que los incremontos 
en la productividad agricola se traduzcan en precios mis bajos para los
 
consumidores. Antes bien, se reflojanin en cambios on las importaciones o
 
exportacionos de granos alimenticios.
 

Esti miis alli del objctivo de oste breve comentario explorar mis a fondo este problema, 
pero resulta obvio que todos los que trabajamos en un sistena de investigaci6n agricola 
debenios trlar con un mundo mis dinimico e interrelacionado queen cl pasado, y 
debenos tener en cuenta constantemente todos estos tipos de camnbios econ6nmicos al 
revisar nuestras estrategias. 

Li:oPo)o Soils 
DIRECTOR GENERAL DEL INSTITUTO DE INVIESTIGACION 
ECON6MICA Y SOCIAl. LUCAS AL.AMAN, 

Mixlco 

El Dr. Anderson menciona que los servicios de ir-igaci6n fucron un estimulo importante al 
crocimiento agrfcola; no obstante, !os ticmnpos han cambiado y son ahora limitadas las 
Areas potenciales do irrigaci6n. Por tanto, algunos factores que en el pasado impulsaron cl 
crecimiento agricola, como la extensi611 de ireas irrigadas, no serin importantos en el 
futuro. Asimismo, afinna que os necesario pensar en t6rminos de poquefios distritos do 
riego, los cuales nianifiestan problonas admini,,rativos dilfrrentes de los grandes distritos 
do riego. Sin embargo, en mi opini6n, nanejar tn distrito dc riego grande es 
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administrativarnente menos complicado que inanejar muchos distritos de riego pequefios, 
ya que las condiciones de operaci6n son diferentes y presentan una problenAtica distinta. 

Tambidn nos dice que gran parte de la actividad no agricola, pero relacionada con la 
agricultura, se localiza cn pequefios poblados y zonas rurales. El estimulo a ese tipo de 
actividades puede contribuir a arraigar a la genie cn sus conlmnidades de origen y evitar 
que enigrcn sobrc todo hacia los grandcs ccntros de poblaci6n, conio la Ciudad de 
Mdxico, donde crean problemas dilcrenics y muy scrios. 

Otto punto nos dice que CIMMYT considcra que toniar en cuenta exccsivamcntc 
considcraciones de cquidad puedc lograrse a costos muy altos en tcnninos de cficiencias, 
ya que !,-y una conipcilsaci6n entre los conceptos de equidad y los criterios de eficiencia. 
Darle demasiaia in.,,,marw'ia o loomar cn cuelllta 6jnica menlne conccptos de equidad es algo 
mluy comtin y quc dcspus de todo rctleja 111a prcocupaci6n social muy gcneral-debe 
hacerse cuando no sc afecian las condiciones de eficiencia cn cl uso de factorcs 
productivos. No podia y(o eslar nias de aCtlcido con esic planlamicno. 

Me llam6 mucho la atcnci6n otro punto: cl quc scfial htuna fucrtc dedicaci6n o atlnci6n a 
los objetivos de investigaci6ii orientada a lalmejoria de produclos bisicos; es dccir, de la 
invcstigaci6n orienlada a apoyar la producci6n de alimentos bKisicos. Debe destacarse el 
apoyo a este tipo de actividad. E.sto sin duda ha funcionado muy bien en el pasado y debc 
seguirsc apoyando Cn cl futuro. El CIMMYT me parecc un buci ejciplo dc este tipo de 
actividades. Anderson nos scfiala adeids quc la investigaci6n agricola para parcclas 
pcqucfias, actividades con dotaciones de ticrra limitada y otro tipo de acciones en ese 
senido deben ser en cl futuro una prcocupaci6n dcl CIMM YT; eso-aunque 6i no lo dice 
quiz'A tan fucremente como lo acabo de plantear yo--si lo sefiala y me parece que es 
suniamente imporante. 

Esto tiene qu6 vcr con lo que dccia al principio, en cl sentido de que el crecimiento 
agricola con base en un aumcnlo de fiactores productivos tiene ahora quc darse en 
condiciones difcrcntes. Tal liecho, aunado al crecinienlo de la poblaci6n, esti dando lugar 
a una disminuci6n en cl ,irca promedio de las explotaciones agnrcolas a las que se tiene 
quc dar atenci6n. A mi, cuando nicnos, me parece que en buena miedida cl 6xito del 
funcionamiento de lh agricultura inexicana cn el pasado-pese a los muchos problemas 
que tiene-se debi6 al hccho de quc fix, unj ;;1vcstigaco6 tecool6gica que utilizo 
experiencias antcriores, sobrc t,,., en cl Medi, Oeste aimcricano, y que cuando se traslad6 
a Mdxico fue suiameite tili ill: las codiciones de l estructura productiva agricola 
mexicana en lh medida cl quc 6.,las cran scmejantes a hi cstructura productiva del Medio 
Ocste americano. Es decir, donde fue posible plicarla cn condicioncs semejantes a las 
que cxisten en Iowa, se aplicaron en Mxico y fueron sumiamente cxitosas. 
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Ahora bien, zonas como el Valle del Yaqui en el noroeste del pais, sc estin agotando, de 

modo que ya no vanios a poder contar con esa fuentc original de conocimiento que dio 

lugar a un desarrollo tccnologico sunamenti til para la agricultura mcxicana. Esto 

plantca para todos los investigadores agricolas, y para el CIMMYT, una scric de 

problcmas dilerentes a los quc cl Dr. Anderson sc reficre con mucho cuidado y cstoy 

plcnamcntc dc acucrdo con lo que 1dicc. Quisicra dcstacar quc cn!lrc los puntos 

scfialados hay uto quc se i;, convert ido en un teia iouy socorrido en la discusi6n de cstos 

asuntos. Mc reficro a que hay quc logrni mi capacidad producliva, en cstc caso agricola, 

a largo plazo, quc no sc de a base dc destruir los f:ictorcs productivos o de dcgradarlos, 

sino quc sc ,mantcnga la productividad. flay quc aumentar prcl'crntemt ol hi cficicia en 

cl uso de esos factores y, pot lo lanto, su productividad cn un pcriodo largo dc ticmpo, sin 

dcstruir los recursos. No dcbc habcr ceonomias cxtcrnas de tipo negativo quc disminuyan 

la base productiva cxislentc; imis bicn, csa base dcebc manicncrsc, rohustcccrse y dcsarrollarse. 

Crco cue 6sc es un punto bicn in portante que cl autor muy justanienic sefnala. 

Algo quc yo quisicra agrcgar, quc no dice Anderson, es quc dadas las condicioncs cn que 

ha evolucionado la agricultura nicxicana, la tierra irrigabl potencialincnte ampliablc que 

ain queda es relativamentc pcquefia. Hay que considerar la agricultura tropical; a ni me 

parcec quc las zonas dcl Golfo y dcl surcstc de M6xico que ticncn una abundancia dc agua 

requieren tambi~n una invesligaci6n agricola en apoyo dc ese tipo de ctividadcs que no 

hemos visto cn cl pasado o no las hcnios alcniado a pcsa Jc las invcstigaciones que se 

hace n n Ccnt roa mrica. 

Yo visil6 cn Bangladesh unos predios donde la investigaci6ii :giicola de orign inglds 

habia propiciado el dcsarrollo dc va ricdadcs tc pli ztas rtuc para mi-ignorantc cn la 

inateria-fucron vcrdade,:oiente sorprendetes, por ejeiplo, trigo acuitico. Este es 

semcjantc al a I,/ pero es trigo, y tmngo cicndido quc l plii sabc igual al pan de Irigo 

vcr hacia cstas ;ircas productivas, odcl zoroestc dc M6xico o de Iowa. Tcnmos quc 

nueva cslructura o rcoriilaci(in queputellcialneI nic muy producivas cn cl luturo, cn la 

tone la agricultura mexicana. Zonas conmo el Papaloapan lichen aspectos miuy scmejanitcs 

a los que uno observa cn Bangladesh. Dc scr posiblc, puedc constituir una fuente dc 

oricntaci6n y apoyo tecnol6gico conio lo fuc cl Medio Ocstc anmcricano que todavia nos 

siguc ayudando. Cono decia, dada la disponibilidad de rccursos, hay que buscar nucvas 

ircas y condiciones de desarrollo dc la agricultur, mexicana. 

Quisicra, finalmcntc, decir quc es un placer estar cn cl CIMMYT cn esta ocasi6n. El 

CIMMYT ha constituido una vcrdadera bcndici6n para la agricultura mcxicana, y itns quc 

eso, ha apoyado el riejoramnicnto dcl bienestar de los niexicanos. Espcro quc continic 

siendo igualmcnte titil en sus pr6xiinos 25, 50 y 100 afios. 
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INTERACCION ENTRE LA 
AGRICULTURA Y EL MEDIO 

AMBIENTE 

AIVARO UMA A QUESADA 
VICEPRIFSID-NTI: DI. CIENTRO IE ESTJu)IOS
 
AMBIENIAI.IES, 
 INSTITUJIO CF.NTROAMERICANO 
Im ArMINISmICN I)E EMPR"SAS, COSTA RICA 

RES UM EN 
En las tiltimas ddcadas, la agricultura ha desempefiado 
una funci6n preponderante dentro de las estrategias de 
desarrollo de los paLes del Tercer Mundo, por su 
considerable potencial de satisfacer la demanda de 
alimentos para las crecientes poblaciones, mejorar el 
bienestar de la poblaci6n rural, reducir el hambre y la 
desnutrici6n, asi como de generar empleos e ingresos. 
Aunque los avances tecnolgicos en Ia agricultura han 
sido inpresionantles,atn quedan problemasmuy graves 
pt r resolver, inchidos los relacionados con los efectos de 
la eaplotacionagricola en el medio ambiente como por 
ejemplo, 1) la expansin de la superficie cultivada a 
expensas ,te los bosques, lo cual reduce la biodiversidad, 
aumenta la erosi6n v el d,'teriorodel suelo y afecta el 
clima,y 2) el uso Lie agroquimicos, es especial de 
fertilizates, pesticidas y herbicidascostosos (muchos son 
import ados) que afectan la salud de los trabajadores y 
dejan efectos residuales en los productos agricolas ' en el 
suelo, el agua y el aire. Las causas de estos problemas son 
numerosas, por e'jemplo, la proliferaciin extensiva de 
monocultivos con variedades que son genotipicamente 
semejantesluede incrementar la incidencia de 
enfermedades vplagas.Pot otra parte, las politicas 
macroeconmiicas se han centrado en metas a corto plazo, 
nds que en los problemas que afectan a los pequetios 
agricultores, el medio ambiente lylos recursos naturales. 
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Los problemas del acceso, la lenencia liadistribucitn de la tierra, no le han dejado al 
campesino otra alternati'va que invadir las dreas boscosaspara sembrar cultivos de 
subsistencia. Se ha propuesto una serie de alternativas que podrian mitigar los efectos 
negativos de la agricultura en el mfcdio ambiente, entre ellas, el uso de las prdct;cas de 
cullivo tradicionales (policultivos con interaLcionesfavorahles), la recoleccion de 
eLspecies nativas, el manLjo integraL/) de plagas y la liamada "agricultura sosenible 
Estas alternativas retendlen utilizaral nuLvilno los intumos naturales Vreducir al minino 
el uso de energa 16sil ) los agroquiniC10. 

Durante las tiltimas d6cadas, la agricultura ha jugado un papel de primordial importancia 
dentro dc las estrategias de desarrollo de los paives dcl Ilamado Tercer Mundo. A partir de 
la ddcada de los aios cincuenta, cl proceso dc desarrollo sc entendia como sin6nimo de 
crccimiento ccon6mico medid) a traves dcl aumcnito dcl Producto Interim Bruto (PIB) per 
c;ipita. Sin embargo, durante el final de la dcada de los aios ssconta c inicios de los 
scienta, csta visi6n original fue rcforinada por otra qLuC incluia cl "crccimiento de 
rcdistribuci6n". 

El crcciminlto cconlo6iiico sC iaitcnia coiot) tilobjetivo bisico, pero cra neccsario 
compicienlarlo conla preocupacil6n por los scctorcs dc menobrcs ingrcsos. Los grupos 
marginiados y lapoblacion rural dhiamn , llt:!lmir taionhii losIbcnciicios dcl crecimiento. 
Dcntro de esta estrategia, lai' ficullura se coivert ci till sector prioritario por su 
potencial considerable de promnovr cl dcsarrollo rural, de reducir cl hambre y la 
desnutrici6n, asi como gencrar Cmllco ydivisas a trav6s dc la exportaci6n de produclos 
agricolas. Es asi como la agricultura sc i m;tcnido conto cl principal polo de desarrollo 
y crccimiento ccon6mico de muchos paiscs dcl Tercer Mundo. 

Pai-clae:ncnte, cl crecimiento demogig;ifico acelcrado dc dichos paiscs, ha gencrado 
crecientes nccesidades en cuanto a laproducci6n alimentaria. Esta combinacion de 
factorcs ha contribuido a quc duranic .,ariiasdf.'-cadas sc haya considcrado como prioritario 
el obltner aumcntos considcrablcs en la producci6n agricola nivCl global. Los logros 
obtenidos a travds dcl avance tecno l1gico hain sido vcrdadcra mente impresiona nles y 
generalmente sc han englobado bajo cl hombre dc la"Revoluci6n Verde". Este t6nnino 
comprcde una scric dc innovaciones y cambios tccnol6gicos que se pucden dividir en 
vairios aspectos especifico)s: 

" 	Programas de mcjoramiento gcn6tico para arroz, maiz Ycc rrca cs quc condujo a 
variedades de alto rcndimicnto, dc maduraci6n ripida y con baja scnsibilidad a la 
longitud dcl dia. 

" 	 La organimaci6n y distribuci6n de paqucets de insumos de agroquimicos conlo
 
fcrlilizantcs y pesticidas, asi coo) irrigacidn u opt imi ,ci6ii cl cl uso dcl agua.
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* 	 Implemenlacioin de estas innovaciones tcinicas bajo condiciones agroclimiticas 
favorables y con agricultorcs con alto pote ncial de 6xito. 

Los resultados de cstos cambio, tccnol6gicos han sido verdadcramcntc impresiona ntcs cn 
una buciia parie de los paiscs dcl Tcrccr Nimido, cn particular rcspcclo a arroz, trigo y 
maiz, ya quc el un porcciitajc clevado dc las ticrras agricolas en dichos paiscs utiliai 
aclualmcnic varicdadcs de alto rcidimicno. Dc acucrdo Lon laFAO, la producci6n 
alimcntaria per cipila cl los paiscs en vias dc dcarrollo ha auimcnlado mis dc un 71/ 
dcsdc mediados dc la ddcada de los afios seuta, con un aunicnto mayor al 2717( cl Asia. 
Ei este contiicntc, por ejemlplo, los oclio paMiSe,, quc producen cl 85"7( dcl arroz 
(Bangladesh, Buruca, China, India, Indonesia, Filipinas, Sni-Lanka y Tailandia) han 
gcncrado 27 milloncs dc toncladas adicionales por cl uso dc varicdadcs dc alto 
rcidimiento, 29 milloncs dc louucladas; adicionales pot cl tliso de tcrtilizanitcs y 34 millones 
de toncladas adicionalhs a t iv.s de irrigaciuil. 

t.as institucioncs agrupadas hov dia hajo cl Grupo Consullivo dc lnvcstigaci6n Agricola 
Internacional (CGIAR) han jugado tin papcl dc grai importancia cste proccso, cl cualc 
ha conlado co;i considcdblc ae[o() intcrnacional, lanto dc los paiscs industrialiiados, 

LOIlnO por paric de fundacioncs y organos privados. 

Sin embargo, a pcsar de estos logros, cxistcii toda via problcmas importantcs rclacionados 
con la distribuci6n dcsigual dc los bcncficios, cl impacto anmbiental dc lapioducci6n 
agricola, y la desaparici6n dc los bosqucs tropicales y la plrdida gcneralizada de suclos cii 
casi todos los paiscs enivias dc dcsarrollo. 

Por ejcmplo, a pcsar dcl aunicnio global cn produccioin alimcnitaria, Africa ha 
cxpcrimcntado un lucrtc dccrccimicnto c Iurminos per cipita. Atn cn paises dondc los 
aumntos haii sido considcrablcs, Ia distribucitii de los mismos ha tcndido a scr desigual 
porque a pcsar de la adopci6n de varicdadcs dc alto rcndimiento, otros lactorcs no haii 
sido conrolados dc forma adccuada: a calidad dc los suclos, cl acccso y utilizaci6n del 
agua, los prccios de los lcrtilia ntcs y agroquiniicos, y otr ts ictorcs hiol'isicos o 
agroclimiticos hai tiLido un impacto considerable ii esta distribuci6n desigual de los 
benc licios potcncia lcs. 

Otro aspcco imporanit, ha sido cl hccho dc luc inuchos agricultorcs haii tendido a 
abandonar pnicticas tradicioalcs basadas cn pluricultivos para dcdicarsc al monocultivc 
con varicdadcs de allo rcidimicnto. Estas varicdadcs son imis scnsibles a aplicacioncs 
6pt imas de fcrtilizaiics y otros agroquimicos, dc mancra quic cl agriculoor csti mias 
expuesto a variaciones de prccios de los niismos, acccso de crddito o falla de programas 
de irrigaci6n. 
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Li proliferaci6n extensiva de inonocullivos con variedades genotfpican ente similares ha 
conducido a mayor incidencia de plagas, pcstes y hierbas, a veces generado por el uso 
indiscriminado de pesticidas. En algunas ocasiones se han gencrado especics resistenles a 
los plaguicidas, Io que ha provocado la necesidad de mayores aplicaciones o has 
ulilizaciones de nucvos plaguicidas y peslicidas. Por Io tauito, sc prcsenta el riesgo de cacr
 
en un circulo vicioso de aplicaciones mayores y con nuevos productos de mayor coslo.
 

Otros problcinas imporlantcs lihene que vcr con las politicas inacrucconimicas de los 
paises cn vias de desarrollo, lanto a inivel agncola comni en cl caiipo encrgthico y el lipo 
de canibio. En a lguNnas oCasiones la polilica agricola sc ha enlocado en logros de corto 
plazo que ignoran Iiloiala)cqnefio agricullor como al mcdio ambicnte y la amninistracioin 
de la base dc rectursos (suclos, agua). En otros casos Ia politica crediticia de ,enencia de la 
tierra v el mercadco de productos ha tendido a flavorecer a los agricullores medianos o 
gra ndes. 

)E)ISARROI.I.) 

Un cicmento adicional dc grai rcl.vancia ell la actualidad ha sido el conccpto de
 
"desarrollo sosteniblc", introducido a la conunidad internacional pr ha Ilaimnada Comisi6,x 
B3mntland. El collcepo inlroduec cl largo plazo coimI) Uli eleiolel) importanle al clainar 
por un desarrollo que no limilc las oplcones de Ils gencraciones fuluns. Mais 
especihcamenle, el reporle !;x relicre a laseguridad alimenlaria en t6rmiins de que se 
requicre "aunmcnlar la producci6n pari satisfacer la de manda crecienie pero releniendo la 
integridad ecoigica esencial de los sistemas produclivos". 

l. C'ON(7EPO D)1 SOS'I'ENIilI.E 

Esta nueva visi6n Li penctrado tanio al Banco Nituidial coMo el propio CGIAR, y cl 
Banco en una revisi611 recicntc dc la admi'istracion de !.s recursos renovables en la 
agricultura concluiy(6 quc existen Ires criterios bisicos para un desarrollo agricola exitoso: 
"Primero, dcbe ser soslenible, asegurando hi conservacion y uso adecuado de los recursos 
renovablcs. Segundo, dcbc promoer la clicitincia ecoi6mica. Teuero, sus beneficios 
deben distribuirse equilativa inelte". 

Por sA pdrle, cI CGIAR ha cnpci/do a promover cabi os imorla ntlcs en las instiluciones 
micihros a traves dc los planes strati:gicas du lias mi,,as v tie hi incl si(n de expertos 
ell el Campo amnbieulal y cc(cIlogico en l s directivas dc las misias. ".sparlicuamnente 
signiiicafiva la decisi6ui dc incorponra dos ctenlros adicioiales a la red en el campo agro­
forestal (uno en Africa y otro en Asia), al igual qultc pocr mayor alencion a ha interacci6n 

e:itrc aglicullura y bosquc. 

En general, la lendencia actual es hacia una vision inas integrada de la agricullura deniro 
dcl inedio CeColgico, con mnehaI mayor aiuncidn a los insumos encrgtlicos, de nutrienes y 
agroquimicos, al igual que una lconsidericiin mayor del impaclo ambienilal y 

sostenibilidad de los sistemas pr-duCtivos. 
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Ei. IMPACT1O AMBIENTAL )E LA A(;RICAJITURA 

Tradicionalmcntc, el agricultor o campesino cn los pafscs tropicalcs ha visto cl bosquc 
como su cncmigo, o como un cstorbo quc Cs nCccsario rcmover para toller hcccso al suclo, 
el cual Cs considcrado como cl recurso productivo bisico. Li Icoria ccon6mica tradicional 
tambinI ha compailido csta visidn, en la cual los dliicos clcmcnltos del bosque que ticen 
valor son la madcra y la tierra. El agua, la vida silvestre, la capacidad de regular cl clima o 
de reciclar nutricntes tradicionalmentc no forman parte dcl amilisis ccon6mico o se 
valoran en cero. 

Dado quc siempre hai cxistido problcmas de acceso, tencncia y distribuci6n de la tierra, cl 
campesino tropical ha tendido a iiv~idir iireas boscosas en el proccso de cxpailsi6n d;, la 
frontcra agnicola. La cxubcriincia dcl bosquc tropical Ic ha conducido a creer quc los 
suclos son f6rtiles y ricos cn iinuiriCoics, cua ldo en rcalidad esto cs un mito, quc los 
nutriciefs cstfin ya almacenados casi lotalmcntc en labioinasa cxistcnte, y quc los suclos 
bajo el bosquc son gcncralnic ragiles y pobrcs. El cicihI' clisico de dcgradacidn dcl 
bosquc tropical incluyc la detorestaci6u dc ireas coin suclos de vocaci6n forcstal, con alto 
potcncial de crosi6n y no apto para agriculiura. El campesino cxtrae princro los irbolcs 
de maderas prcciosas, con Ia participacioni dc algiin maderero quc Ic ofrcce un camino de 
acccso y lioporlunidad dc Ilevar cl produclo a Incrcado. Al remover las maderas 
prcciosas, cl campesino queda con tn bosquc de hajo valor comcrcial, cl cual rcmucvc y 
quena para plantar cultivos de subsisicncia. Al crosionarsc cl suclo y experimentar 
rendimienlos decrecicntes, decidc a veccs in roducir paslo y ganado quc acecleran ann imis 
el proceso. En muchos casos crinina abatndotando cl irca c iniciando cl mismo proccso 
de otras fircas boscosas similares. 

Por supuesto, cxisten muchos otros factores y causa., inclinycndo larenovaci6n dirccla del 
bosque por madcrcros o ganadcros; sin embargo, estc prcccso tipico ha sido rcsponsable 
por la p rdida de centcnarcs de nivclcs de kilnetros cuadrados dc bosquc tropical. Hoy 
dia se estima quc hi deforcstaci6n tropical oscila citrc los 15(0 y 200 niil kil6mctros 
cuadrados. 

Tambi6n conocemos hien hoy dia h cliorie diversidad biol6gica quc alhcrgan estos 
ecosistenas y lapt3 rdida irrepa rahihc qucerciscnita ha desaparicihl de cslc patrinionio 
global. Los hos'1 ucs Iropicales ptueden coolencr imias tic l wiad,talvci hasta dos tercios, 
dc la diversidad hioligica plauclaria, a pcsar qte represcotan solamctec un 61;1 de la 
superficie tcrrcstre. Es por esio quc uno de los impactos mais significativos de la expansi6n 
de la frontcra agricola es sobrc laic lorcstacidn yhi ptrdida dc biodiversidad. Pero no es 
Cse el inico impacto rclevante, ya q,-Lia p6rdida dc suclos a travs de hi crosi6n, la 
utilinici6n de agroquimicos, Iacow'citraci6n de sales inorginicas en suclos bajo 
irrigaci6n, y las emisi,,,1,, de conlaninantes residualcs al mcdio represenlan problcinas Oe 
crcciciitc imp, rtancia. 
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Es dificil obtcicr datos confiablcs acerca dcl problcma de la crosi6n de suclos, ya qtuc la 
mcdici6n dcl fcnomcno Cs compleja y el inismo sc manilicsla lcntamcntc, a trav6s de 
pcriodos largos. Sin embargo, ell casi todos los pafscs Iropicalcs mis de una cuarla pare 
dc los suclos sufrv crosi6n severa, y ccrca de la mitad dc los suclos prcscnlan el fcin6mcno 
ell cantidadcs observables. Algunos paiscs como Costa Rica, hanItralado de cstimar el 
costo dc la dcprcciaci6in dc los suclos por cl proccso dc crosi6n. 

El cstudio de contabilidad dc los rccursos naturalcs cii Costa Rica, rccicntcmcntc 
concluid'i ticnc tma iniportancia particular ya cuc cs cl primer cslucrzo por tratar de 
incorporar el valor de laperdida de suclos a traves de un pcn'odo dc vcintc afios. 

Dado quc los bosqucs, suclos y rccursos pesqucros dc los paiscs Iropicales cstlin siendo 
cxplotados m;is allhi de su capacidad dc rccupcraci6n, todo cl atcrvo dc rccursos naturales 
csti suficndo un proccso de dctcrioro cuanlitivo y cualitativo. Su capacidad de gencrar 
scrvicios a fninro ha sido afcctada significativamcntc y, hoy di'a, podemos iratar de 
estimar esta dcprcciaci6n hist6rica. 

El cstimar csta pfrdida cn tcnninos fisicos y asignarlcs un valor ccon6mico Cs una tarca 
dificil y cii gencral todavia no cs posibtc capturmr lacomplcjidad dc las intcraccioncs. Por 
cjcmplo, en el caso dc los bosqucs la valoraciojn sc hizo tomando cincucnta la madcra, sill 

incluir ningfin otro bcncficio conc agua, cncrgia, biodivcrsidad o rcgulaci6n climitica. 

Tampoco sc incluy6 h .rccicnc rclaci6n con cl iurismo ecologico, ya quc cl turismo sc ha 
convcrilido cn lascgunda Icntc dc divisas dc Cosla Rica. Llegan al pais unos 1000 turistas 
diarios y dos tcrccras partcs de cllos visilan los pa rqucs naciclialcs. 

Ell cl caso dc los suclos, s6lo fuc posilIc considcrar li pirdida dc nutrienls como 
subproducio dc la crosi6n. Otras pcrdidas cas;idas po lacrosi6n, tales com'o 
compactaci6n dc suclos o cualquicr otro dafio a las caraicteris!icas fisicas o quimicas dcl 
suclo. Ell eicaso de los rccursos pcsqutros sc Imm() cn ctcnia Uzinicamine a cspccic nvis 

iloportantc. Dc mantra quc los rcsult;'dos del cstudio Caplan tiiiicaincntc: una pare de la 
p6rdida quc ha sufrido cl pals. 

Ell solamcntc do ; dicadas, dcl afio 7(1 al 8k), los bosqucs, suclos y rccuros pclueros sc 

habian deprcciado ci maiis dc $4.000()( millones (1 84 mil millonlcs dc colonics dc 184). IEsta 
suma cxccdc cl valor anulI del Produclo Inlcrno Bnilo (P113). Ell cl caso cspccilico de 
suclos, las p6rdidas por ilutricntcs oscilan cnlrc los 1.90(0l) milloics dc colones cii 1970, a 
2576 cii el afio 89. La pdrdida acunnilada sobicpasa los 50 muinilloncs de coloncs y 
rcprcscnta casi un 30%/ de laptrdida global, .ic niancra quc si incluycramos los olros 

factores mcncionados, cl rcsultado sc,.a ain imis significativo. 

No es posiblc dctcnninar cl impact) global dc t las pe'rdidas ellcl crecimicnito de la 

cconomia, pero el Inslituto dc Rccursos Mundialcs (WI) considcra quc "con cl anilisis 

rmi, simple, a p rdida dc capital dcl 51,r'dcl PIB por abio, podria hahcr rcducido la tasa de 
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crecimiento entre 1.5 y 2% por afio. Ya que la tasa hist6rica de crecimiento fue de 4.6% 
en pronhedio, esto rcpresenfarfa de un 25 a 30% de rcducci6n eniel crecimiento econ6mico 
potencial". 

De maner, que ademis dcl problenma de canibio de uso de la tierra y dcforestaci6n, ia 
p6rdida de suclos y nutrientcs es otro c-osto real del proceso de cambio. Los campesinos 
que tratan de limnpiar bosque par tener acceso a laderas o zonas quebradas, para practicar 
agricultura de subsistencia, est~in coiitribuyendo a un proceso nefasto del cual ellos 
mismos son victinlas, al no tcner otras opcioncs. 

Gcneralmente, las polflicas gubernamentalcs cn cuanto a tenencia dc la tierra, cr6dito y 
sectores prioritarios, e incentivos de todo tipo, no han favorccido la prcservaci6n de Areas 
boscosas. El bosque ha tendido a vcrse como fuentc de maderas Iropicales preciosas y, el 
rcsto, cuando un cconomista camina cn cl bosquc, s6lo consider el valor de la madera y 
la tierra; todo lo deis rccibe una valoracion de cero. 

El,ImIA(TO )E LOS A(;ROQIINlI(?OS 
Otra de las Aircas de crccicntc atcncidn cn la relaci6n entre agricultura y inedio ambiente 
es la rclacionada a Ilutilizaci6n de agroquimicos, en particular fcrilizantes, pesticidas y 
plaguicidas. El uso de cstos productos se ha gcneralizado cn todo el inundo, y en algunas 
regioncs como Ccntroaimirica, su inipacto ha sido y cs considerable, no solamente por los 
milncros clevados de intoxicacioncs (principanentc El Salvador y Guatemala), asi como 
por los efcctos a largo plazo. 

El problcma cs complejo porque cn muchas ocasiones sc trata de productos prohibidos en 
su pais de oigen y producidos tinicaiente para exportaci6n. En segundo lugar, los paises 
tropicalcs no han tenido una regulaci6n adecuada en cuanto a la educaci6n acerca del uso 
de estos productos. Por lo general no ha existido una integraci6n entre los sectores 
agricola y de salud. 

Un caso dramitico es el rclacionado con la estcriliz~aci6n de casi 2,000 trabajadores 
bananeros con el neniaticida DBCP durantc lad6cada de los afics setenta. Este caso ha 
adquirido una rclevancia adicional por los Enitcs d,.IEstado de Texas, que han accptado 
jurisdicci6n sobre las dcmandas dc los trabajadorcs, quicnes hanl Ilevado a juicio a los 
fabricantcs (Shell y Dow Chcmical) y la emprcsa banancra Standard Fruit Co. 

El uso y abuso de los agroqufinicos ticnc su origcn cin laignorancia y la irresponsabilidad 
de muchos actores cn la cadena desdc el fabricantc, gobiernos de los paises involucrados, 
importados, comercializados y usuarios. El nivcl de abuso en la utilizaci6n de estos 
productos hace que su eniisi6n al medio sea elevada, y las dcscargas totales en rios y 
mares son ya elcvadisimas. Por cjcniplo, ios laboratorios de biologfa marina de los campos 
de Florida, dctectan niveles de pesticidas prohibidos en Estados Unidos quo vienen de 
Centroam6rica y M6xico. 
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Otra preocupaci6n crecicnte respucto al uso de pesticidas y plaguicidas en la agricultura es 
la relacionada al Ilamado "cfrculo de veneno". En un caso tipico, un pesticida prohibido en 
los Estados Unidos o Europa, cs utiliz;tdo en un pais en vas de dcsarrollo para producir uh 
vegetal, fruta o planta para cxportaci6n. El plaguicida prohibido "regrcsa" a su pais de 
origen dentro del producto exportado. 

Pocas semanas despu6s de que las Comes de Texas aceptaran el reclamo de ios
 
tmbajadores, un emnbarque de banano de Costa Rica fue, por pimera vez, rechazado en los
 
Estados Unidos por exceder el lfinite en la utilizaci6n de un )laguicida. 

Aun dcntro de los paises industrializados, esLe cs un tema dificil quc puede ser fuente de
 
conflictos recurrentes. El uso de honnonas para crecimicnto bovino en los Estados Unidos
 
y su reclazo en Europa, asi con(o el rechazo de vinos italianos en Estados Unidos por 
prescncia de plaguicidas prohibidos son ejemplos de esta tcndcncia. 

En resumen podemos apuntar a tres tipos de impacto del uso de agroquimicos. El primero
 
es por supuesto el papel de los agroquimicos dentro dcl costo total de los insumos. En
 
muchos casos este -ubro es signilicativo y prcocupante puCs se trata gencralmnente de
 
articulos importados. El segundo impacto cs sobre la salud de los trabajadores agricolas. 
En cste campo ha habido bastante progrcso, pcro tokLavia ocurren ejemplos alarmnantes y 
riesgos elevadisimos a grupos inocCntcs e indefcnsos. 

El tercer impacto es sobre los productos agricolas mismnos y el medio ambiente a travds 
del agua, Ics sielos y el aire. El transporte de nutrientes, pesticidas y plaguicidas de ireas 
a,;ricolas hacia rios, lagos y mares es considerable y la Ilegada a todos los rincones del 
planeta. Hoy dia, todos los seres humanos y hasta el tiltimo pingiiino de la Antirtida 
Ilevarnos una pcquefia cantidad de pesticidas y plaguicidas disuelos en nuestros tejidos 
grasos. Este Cs uno de los pequefios pero significativos cambios que han ocurrido durante 
los 6ltinios 50 afios. 

CONCI.USIONES 
Las superficies continenialcs del plancta representan unos 1.15 millones de kil6mctros 
cuadrados, de los cuales solaniente 0.32 es potencialmente apto para agricultura, y 
solamente un 10-15% de este suelo posee las condiciones fisicas y quimicas adecuadas. 
De manera que la tierra con alias condiciones para agricultura es un recurso de enomie 
importancia se esti perdiendo una lasa anual de 50.000 a 70.000 kil6mnetros cuadrados. 
Otros estiman que las p6rdidas globalcs de suclos por crosi6n y degradaci6n exceden 
38.000 millones de toneladas en los tillimos 300 afios. 

Aunque no existe consenso acerca del valor real, cs importante apuntar que estas p6rdidas, 
conjuntamente con el impacto de la agricultura en ]a deforestaci6n tropical, son los dos 
factores mis relevantes en el impacto global de las actividades agricolas sobre el 
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ambiente. Existen ademnis otros factores importantes relacionados con la utilizaci6n de 

recursos hidricos y agroquimicos, en particular plaguicidas y pesticidas. 

Como res t jesta a estos impactos, se plantean una serie de alternativas que van desde la 

incorporaci6n de mtodos tradicionalcs, policultivos con intcraccioncs favorables, 

recupcraci6n de germoplasmia aut6ctono, inancjo intcgrado de plagas y la Ilamada 
"agricultura sostenible". Ellos prctcndcn utilizar al miwximo los insumos naturalcs al igual 

que pronover mecanismos de control biol6gico para minimizar cl uso de energia f6sil y 

agroquimicos. Igualmcnte pretender utilizar pricticas de conservaci6n de suelos y ensayos 

agroforctalcs. 

Su utilidad no cs univcrsahmente accptada, pero cada dia hallan mayor rcconocimiento dcl 

potencial de una mayu intcgraci6n en agricultura, el manejo sostenible del bosque y 

pricticas intcrmcdias de producci6n, cn particular para zonas de amortiguamicnto de ircas 

protcgidas. 

RESPUESTA
 

RENIi-F LAFITIT
 
COORDINADORA INIERINA DE)I1 SUI3PROGRAMA
 

DiE AGRONOMiA Y FisiOLOGIA, 

PROGRAMA DE MAiZ DEL CIMMYT 

A los agr6noinos de todo el mundo les agrada ver que el ptiblico es cada vez mis 

conscicnte de que la agricultura constituye una activi 'id que tiene repercusiones de gran 

alcance en el medio ambiente. Aprecio laoportunidad que se me brinda dc responder, en 

nombrc de los cientificos agricolas del CIMMYT, a los interesantes comcntarios hechos 

por el Dr. Uniafia sobre este enia. Como creo que todos estamos de acuerdo con la 

conclusi6n del Dr. Umafia de quc la interaccidn que existe entre la agricultura y el 

ambiente es de suma importancia, no me explayard sobre este punto. En camnbio, me 

gustara presentar simplenientc algunos ejemplos concretos de las actividades del 

CIMMYT que tienen implicaciones directas para las tres ;ireas principales de los efectos 

ambientalcs mcncionadas pot el Dr. Uniafia: 1) la demanda de una mayor cantidad de 

ticrras agrcolas y la dcsforcs'aci6n rcsultinte en las regiones tropicales, 2) la erosi6n del 

suclo y 3) la contaminaci6n producida por productos agroquimicos. Estos ejemplos 

pueden servir de indicadores pant orientar en clfuturo las actividades dc investigaci6n que 

dcbcrin rcsolvcr problemas relacionados con el ambiente. 
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En el pasado, el CIMMYT ha invertido la mayor pare de sus recursos en la creaci6n de 
germoplasma. La gcncraci6n dc nucvas variedades de alto rendimiento constioIye un 
factor clave para reducir la oecesidad dc cxplotar tierras marginales, come los bosqucs 
tropicalcs rcci6n dcsinontados. Par ejcinplo, si bien Ia supcrficic total scmbrada con rnafz 
en los paises en desarrollo aumenta a un indice anual del 0.8%, la tasa de crecimiento de 
la producci6n dc maifz es dc 3.5% al am). Es cvidcnt, que la causa principal dcl 
incremento dc ]a producci611 cs cl mayor rendimicnto que depende del empilco dc 
variedadcs que rcsponden a los insumos. Si no existicran dichas varicdades, cn lns tiltimos 
deccnios los agricultorcs se hubicran visto obligados a explotar una cantidad touche 
mayor de ticrras nucvas con el fin de satisfacer la demanda dc alimeiets, muchas veccs 
penetrando en rcgiones delicadas desde cl punto de vista ecol6gico. 

Como mencion6 el Dr. Uiahia, las variedades meioradas, que rcspondcn meis a los 
insumos, favorecen !autilizaci6n de 6stos por parLe de los agricultores de los parscs cn 
desarrollo. Hemos descubierto que, en t&minos generalcs, las variedades mejoradas dc 
mafz y trigo rinden mis que las vaicdades tradicionales, tanto con un hajo coma con un 
alto nivcl de insumos. Empero, para aprovechar al mixinio su potencial, es precisa usar 
pr~icticas agoa6micas ncjoradas. El manejo elicicnle y responsable dc estos insumos es 
esencial para cvitar consccuencias ambientales adversas. 

Adeinis de crear gcrmoplasma para ambientes con un elevado potencial de rendimiento, 
los Programas dc Mafz y Trigo del CIMMYT trabajan conl gcrinoplasma para suclos 
Aicidos. Alrcdedor de rail millones de hcctireas enIregiones tropicales y subtropicalcs 
prcscntan problemas de acidez del suclo, aunque par Io demnis son adecuadas para la 
producci6n dc cultivos. Si fuer posihle dedicar estas zOnas a laagricullura, se podnia 
cvitar la oxplotaci6n de zonas marginales y vulncrablcs. En cl case dcl trigo, ls 
matcriales mcjorados con tolerancia a suclos ,icidos presentan un comportamiento muy 
superior al dc las variedadcs susccptiblcs. Coma succdc c cica.e de inuchas variedadcs 
mcjoradas, existc una fuertc interaccian entre el genotipo y lalecnologia dc manejo de 
cultivos pam- suelos Aicidos. 

Entre las actividades de creaci6n de germoploisma quc afcctariin cl cmplco dc productos 
agroqufinicos cabe mencionar los csfuerzos del CIMMYT par utilizajr Ilarcsistencia de la 
planta hudsped a enfcnnedades c inscctos, con Ia cual se rcduciria lanccesidad dc utilizar 
pesticidas y fungicidas. Dcntro del Prograina de Trigo, cl constantc mcjamr'iicnto dc la 
resistcncia a las enferncdadcs rcprescnta un incrcmcnto ci el rendimicnto del 2.9% anual 
en regianes dondc la roya de la hoja constituye un factor importante. Si no cxisticran estas 
vanicdades rcsistcntes, se estima que, cii t6nnino mcdio, sc pcrdcna por lo inenos un 5% 
dc la cosecha dc trigo de las parses en desarrollo a causa tan solo de laroya, Ioquc 
equivale a un total de 10 millones de toncladas de trigo al afio. 
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Asimismo, el Programa de Maiz ha obtenido rcsul:ados prometedorcs cn el mejoramicnto 
para obtener resistencia a los inscetos; hoy dia nos encontramos en la clapa en que la 
aplicaci6n de insccticidas s6lo da por resullado un incrcimtnto dc alrcdcdor dcl 5% en el 
rcndirnicnto, con lo cual se ha rcducido cn gnn mcdida la nccesidad quc ticnci los 
agricultorcs de aplicar cstc tipo de productos quimicos. 

Los fertilimintcs quitnicos constituyon otra clasc de productos agroquimicos que, cuando 
se aplican cn cxccso, rcsultan pcrjudicialcs. Con cl fin de rcsolvcr cstc problcmd, cn 1986 
el Programa de Maiz comcnz6 a trabajar con genotipos tolcrantcs a un bajo nivel dc 
nitr6geno en ei suclo. Los rcsullados indican quc los matcrialcs mcjorados rccupcran una 
mayor cantidad dcl nitr6gcno quc s cncucntra cn el suclo tanto a altos como a bajos 
nivclcs de fcrliiidad, lo cual significa quc stlo una pcqucfia caitidad dcl fcrilizantc 
aplicadco se picide n el medio anmbicnitc. 

Me gustaria nincionar ahor i algunas de las iniciativas toiinadas poi cl CIMNIYT Ln 
rclaci6n Con la invcstigaci6n sobie ianejo de cultivos y las consccue ,'w:as que tendrin cn 
la sostenibilidad. Si bien cl germoplasnia inlluyc mu,io ien cl cfccto quc titne la 
agricultura sobrc el ambicnte, ins verdadcros avanccs en lograr sistemas agricolas viabics 
proccdcr;in de la invcstigaci6n sobrc cl macjo dc cullivos y recursos. 

Coino observo el Dr. Umafia, la crosi6n dcl suclo ocasionada por el agua Cs uno dc los 
primcros proccsos quc dchcn controlarsc a fin ,It conscrvar la prnductividad de las ticrras 
agrfcolas. Esto es cspecial mente cicrto en las zonas quc presentan pendientcs. El mantener 
una cubicrta protectora de rastrojo sobre Ii superficic dcl suclo cono palic de un sistcma 
de iabranza de conscrvacion cs Ia mejor soluci6n quectnenos hastaiel momento para el 
problena dc la crosi6n, y tambi ii promucvc Iacoiscrvaci6i dc la humedad en cl suclo. 
la tcciiologia de la lahraiza de conscrvacioix sc haila bien establccida cn las zonas 
templadas, pcro scri prcciso modificarla imrm quc se adaplc a las rcgioncs tropicalcs. Por 
ejemplo, cn muchas dc esas rcgiones cl rstrojo ticne otros usos, sobrc todo como forraje 
para el ganado, y por tanto ts agricaltores se muestran renuentcs a dejarlo en los campos. 
En las zonas donde hay dos ciclos de cultivo por afio, l,)s rcsiduos pucdcn favorcccr 
inscctos y cnfcrnicdadcs, lo cual significa quC la rotacion de cultivos debe plhnificarsc con 
surno cuidad,. 

Los agr6nomos dcl CIMMYT tratan de rcsolvcr estos problcn as con la colaboraci6n de 
los programas nacionalcs de Ccntroamdrica cn el caso del maiz y de Am6rica dcl Sur cn cl 
del trigo. Por otra parie, espcnzmos ampliar algunos proycclos aqui en Mexico nara 
trabajar en tccnologias de labranza de conservaci6n para ambos cultivos. 

El Programa de Econonia tanibii participa activamcntc en la labor asociada con la 
labranza de conscrvaci6n, sobrc lodo en la identificaci6n de los factores ambicntalcs, 
ccon6micos y politicos quc facilitan Ia transfcrcncia de esta tccnologfa a los agricultores. 
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Otra de las tecuologfias que tenemos a nuesira disposici6u para reducir al mifnimo la 
erosion y aunelar la cantidad de nulrimentos en el suelo para ei maiz es el empleo de 
leguminosas de cobertura, tales como especies de Stizalobium o Catavalia en los tr6picos 
himcdos. Estas especies se incorporan al sistema ya sea con1(o abono verde o 
sembrindolas en el cultivo de mafz en algfin monicnto de la lemporada, y se ha observado 
quc mejoran cii granimedida la protecci6n quc se da al suclo. 

Los agr6nonios del CIMMYT trahaj:::i cn esla tecnologfa en colaboraci6n con los 
programas naciomn 7:.du Centroamcrica. El Progranma de Econoina tanibi6n participa en 
la cvaluaci6n dci cinpleo de mucuna en sistcmas de c:,- lipo cn Mkxico y Honduras. 
Ademis de reducir haerosion del suelo, cstas especies de abono verde pueden rcducir los 
costos dc preparacidin de la tierra, aurnentar el contenido de materia orginica del suclo y 
estabilizar el rendinmiento. 

Otros prablemas relacionados co,i la sostenibilidad, tales como la conservaci6n de las 
propiedades quinicas y fisicas del suelo, son ieis dificiles de cuantificar que la crosidn del 
suclo. Por ejemplo, laproductividad de la rolacian arraz-trigo que abarca hoy d'a 
alcedcdor de 18 milanes de hectircas cn Asia, parecc star disminuyendo en algumas

reione.;. Los cientificos del CIMMYT, con la cooperaci6n de los cientificos de una gran

variedad de disciplinas de los programas nacina les de laregi6n asiitica, investigan las
 
causas de esta disminuci6n. 

El Dr. Umafia hizo la importante obscrvaci6n de quc debemos considerar nucvos criterios 
cuando se trata de evaluar el 6xito de las ccialogias agrfcolas. A medida que crece la 
poblaci6n mundial, debe incrementarse tanmbi6n la producci6n de alimentos. pcro no a 
cxpensas de los recursos naturales de lacual dcpendc en ilti na instancia la agricultura
misma. Resulta a todas luces prcferible iacrc mentar la producci6n de las tierras ya
cultivadas que explotar regiones ,nenosapropiadas. Este objctivo, la oblencian de nis 
alimentos de las lierras ya cultivadbs sin degradar el aimnicentc, iniplica que no podemos
abandonat latecnologia ni la agricultura inle asiva. Todos ls expositorcs quc hemos 
escuchado esta mafiana han liecho hincapi6 en lanccesidad de conlar con nuevos 
conoci mienlos y nuevas tecnologfias. Es imperativo proteger el ambienice al inismo tiempo 
que se incrementa la producci6n de alimentos, o 
:ual nos obliga a todos a csfor-arnos mis 
por desarrollar tecnologias agronmicas creativas y clicaces, y gencrar gemoplasma que
perinita utilizar de ]a mejor mancra posible esas pr;icticas de manejo. 
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CONTRIBUCIONES CIENTiFICAS 

FUTURAS EN EL MAIZ Y EL TRIGO 

SIm RAI.iii Rii.-y 

UNIVIRSIDAI D CAMBRIDGI., 

INGI .. WiRRA 

RES IINIEN 

Disciplinas tales como la hiologta molecular y la celular 

presentan nu,wias tccnicas que podrian ay'udar al CIMMYT 

a cumplir con su mision pc'que agilizarian tanto nuestra 

lahbor fitotcnica como los 0tros tipos de investigacion que 

desarrollanos. Entre las tcnicas nuevas se cuenta la 

elaboraciinde mapas die los RFLP que el Centro ha 

iniciado va. TamhiLn 'erititiifilestecnologiasinnovadoras 

que )ermitan I) deternunarsi la estructura del genomio de 

un progenitor recLtrrente ha sido dehidamentle restaurada 

antes Lie comenzar los ensaVos en campo; 2) avanzar el 

mapeo del genomio del trigo a grado tal que sea posible 

encontrar los genes ie resistencia por medio ie sus 

marcadoresRFLP correspondientes, lo cual simplificaria 

lIaclMnulaciinpiraiMidal tie los genes tie resistencia; 3) 
descubrirfirmas ieresistencia generalizada o durable ' 

c6mo aprovecharlas para proteger los cultivos, y 4) 

mantenerse al tanto tie la investigacion sobre las protethas 

que protegen las plantas contra las tempet aturas extremas, 

en vista Lie t responsabilidad que tiene e! Centro en paises 

donde existen condiciones cliidticasextremas. 

Es un granipiacer esuar prcscnic en iNcelebraci6n dcl 25o 

Aniversafio dcl cstabIccimicnto dcl CIMMYT. Traigo no 

s61o mis propios saludos sino tambi6n los del Centro 

Ilntcrnaciooml 1.c Investigaciones Agricolas cn las Zonas 

Aridas (ICARDA), de cuyo Consejo Dirvcivo forno 

parte, y de ih Estaci6n Experimncnial de Rotlhansted (RES), 

donde prcsido cl Conscjo. Los aniversarios son ocasiones 

para exaniminr el pasado v el futuro 'en Rotharmstcd 
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planeamos actualmente la celelaci6n de nuestro 150o aniversario, ya que la Estaci6n se 
cstableci6 en 1843. Las fundaciones dcl CIMMYT y de Rothamstcd se asemcjan ya que 
ambas instituciones se crearon com(o consccucncia de la aplicaci6n de tecnologfas 
cficaces. En Rothamstcd, en 1843 John Bennett iwes ya habia demostrado que el 
fertilizanle superfosfato, quc preparaba tratando hucsos con ticido sulffirico, mejoraba 
considerablcmente el dcsarrollo de los cultivos gracias a la continua disponibilidad de 
fosfato. En consccucncia, se usar n por primera vcz fcrtilizantes minerales y los 
agricultores comenzaron a aprovcchar los conocinientos cxistentes sobre los nutrimentos. 

En sus comicnzos, el CIMMYT aprovcch6 los conocimientos que sobre el nafz tropical, 
subtropical y para tierras altas habian acumulado sus prcdecesores del programa conjunto 
de invcstigaci6n agrfcola de la Secretaria de Agricullura de Mdxico y la Fundaci6n 
Rockefeller. Asimismo, continu6 la investigaci6n sobrc el uso de los genes del 
senicnanismo y cualidadcs afines en el trigo, desarrollada en cse programa. El jefe 
designado por la Fundaci6n Rockefeller para ese programa, Norman Borlaug, se convirti6 
en cl Director dcl Programa de Trigo dcl CIMMYT. Las primeras variedades sernienanas, 
como Pitic 62, Sicte Cerros y muchas otras, ya cstaban muy dilundidas (Borlaug 1958). 
Por consiguiente, tccnologias nuevas e innovadoras, comprobadas ya cn la pr;iclica, 
constituyeron s6lidos cihientos tanto para cl CIMMYT como para Rothamstcd. QuizAs 
esto ',a una lccci6n para quicncs parlicipan en el cstablecimicnto de instiluciones: se 
alcatn tir;i un xito riis r;ipido y coiiiplcto cuando la institucion nueva aprovecha logros 
anicriores. 

Sc introdujeron conceptos totalmentc nucvos cn lainvestigacion de trigo. la explotaci6n 
dc genotipos de escasa ailur, sensibles a los fcrtilizaintcs c insensibles al fotoperiodo, que 
fucron mejorados con la tccnologia fitogentica recicniimcnic desarrollada que se basaba 
cn cl mcjoranicnto alternado y en poblacioncs enoncs dc segregan tes de generaci6n 
temprana. Todo esto es bien sabido y yo no vendria al CIMMYT a hablarles de los 6xitos 
Iogrados por ustedes mismos si 110 fura por dos razoncs. 

li primera es felicitarlos por io que con seguridad es cl mejor obscquio de cumplcafios 
quc podriati recibir: sc cstinu6 quc en 1990-1991 laproducci6n mundial de trigo ha sido dc 
581) millones dc toneladas mdtricas, la mayor hasta cl momiento. En la publicaci6n 
CIMMYT 1990-91 Hechos y tendcncias mundiales relacionados con el trigo (CIMMYT 
1991) modcstamente sc atribuyc csta cosccha record a lacxpansi6n de la superficie 
sembrada y al clima favorable en el hcmisfcrio norne. Todos los quc admiramos la labor 
del CIMMYT sabemos que esa coscclia no hubiera sido posible sin Iltecnologia de 
producci6n de Irigo basada en cstudios iniciados en el CIMMYT. 

El segundo punto que hay que destacar es quc el CIMMYT es una instituci6n fundada 
sobrc la base de innovaciones y dcl nucvo pensamicnto cstratcgico acerca de la cicncia del 
trigo y, como lo demuestran ia resistencia a las cnfcrmedadcs y los insectos y la calidad 
del grano, sobre la ciencia del maiz. Con cstos anieccdcntcs, se pucde esperar que cl 
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Centro responda con entusiasmo a imntodos y criterios nuevos que prometen mejorar ia 
suerle dc los agricultores de maiz y de trigo en los parses en dcsarrollo. E una gran 
satisfacci6n ver que el CIMMYT es sensible a los nucvos m6todos quc se aplican en el 
fitomejoraliento, ya quc realiza actividadcs en gen6tica molecular aplicada, la 
hibridaci6n amplia ocupa un lugar destacado en los Programas de Maiz y de Trigo y se 
estudia activamente la fisiologfa de los cultivos. 

Dos CUIiURAS 

En un ticmpo wlC prcocup6 que el CIMMYT se incorporara a s6lo una de las dos culturas 
cn las cualcs percibo que puedc dividirse la investigaci61, fitet6cnica. Uso el t6nmino "dos 
culturas" por analogi, con la descripci6n de la vida intelectual en los 60 y los 70. El 
t6nniio fue usado por quienes pensaban que cxistia una b'echa infranqueable que 
separaba a los individuos c instituciones cuyo estfmulo int'lectual provenfi, de ls artes y 
la literatura de aquellos cuyo pcnsaimienlo se centraba por comipleto en la ciencia y la 
tecnologia. La raz6n dc mi temor de que la invcstigaci6n litotcnica pueda dividirse en 
forma similar se ilusira en una importanuc rcuni6n recientemenele celebrada y otra que se 
efcctua r;i en I992: cl Tcrcer Congreso Internacionall de Biologia Fitomoiecular realizado 
en Tucson, Arizona, en octubre de 1l) 1, y cl Congreso Intcniacional ic Ciencias 
Agricolas quc se Ilevarni a cabo en Ames, Iowa, en julio dc I 992. Mis de 3,000 personas 
asisticron a la reuni6n dc Tucson y Kenneth Frey, Presidentl de la rcuni6n quc se 
celcbrari cii Ames, dijo que esperaba que coiicurrain a ella mis de 2,000 cientificos. He 
comparado a quienes electuarnin cxposiciones en la: dos reuniones. Scgiin veo, s6lo hay 
cuatro personas que participa, i en abnihas reuniones v una de ellas, John Barlon, se 
concentra en los derechos de propicdad intc cclual emis que en la ciencia experimental. 
Por supuesto, reconozco que puede haber algunos cicnitficos quc parliciparin en ambas 
reuniones que no esltn incncionados en el programia principal, y otros que consideren que 
son denlasiadas dos reu niones ilnitrnaciona les eii nelnos de un afio. No obstante, me 
preocupa la posibilidad de que lo que detecto sea una divisi6n en la ciencia que afecta a la 
agricultura. Si fuera asi, seria pcrjudiciail parai quicnes dependen de la agricultura, 
incluidos los quc se han bcneficiado v contindan bene ficiiindosc con Ia labor del 
CIMMYT. 

El inejoralniento fitogendtico continuari dependiendo en el fuluro prximno de la selecci6n 
y las pruebas sobre cl terreno, pero no debe ignorar la ayuda que pueden proporcionar 
otras disciplinas. 

Li funci6n dc la biologia celular v molecular es apoyar el fitomeloramiento y es 
importante que ambas disciplinas se comprendan nutualente si se desea lograr la 
mixima sinergia. En consecuencia, me inquietan las dos culturas que comienzo a percibir 
y me complace qu al inenos esto no sucede en cl CIMMYT. 

Nosotros afrontanios ese problema en el Iistituto de Fitoinejorainiento en Cambridge a 
fines de los 70, cuando comenzaba a desarrollarse allf la gen6tica molecular. Los 
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cientificos que trabajaban con los procedimientos bien establccidos y probados para 
producir vari.edadcs nuevas se sinticmn amenaados por los mtodos nucvos facilitados 
por la biologfa molecular. Por con,iguicntc, la nucva tecnologia no fue bien acogida. 
Sucedi6 csto a pesar de quc no hubo ninguna rcducci6n en el dincro dcdicado a los 
m6todos fitol6cnicos cstablecidos y de quc la biologia molecular sicmpre aport6 nuevos 
rccursos econ6micos. Esas tcndcncias "ludditas" rclrasaron el progreso de las ciencias 
agricolas. (Tal vez dcba cxplicar quc, alrcdedor dcl pcriodo de 1810-1820, las brigadas 
quc dcstruian maquinaria r,'a dcmostrir su oposici6n a la Rcvoluci6n Industrial cn 
Inglatcrra fucron Ilainadat '.itas", nombre que ahora se aplica a todos los que se 
opoinen a los cambios ben' .os.) Li- situaci6n en Cambridge mejoro cn el transcurso de 
los afios, en parti lar cuando metodos nucvos como la prueba de la mancha foliar 
mediante el ;icido nucleico para dctectar la prcscncia de virus en plantas individuales 
hicicron m;is precisa la selecci6n para lograr la rcsislcncia a los virus, y la clectroforesis 
Ic la proleina de almaccnamiento ell el irigo nejor6 la cficicncia de la sclccci6n para 
obtcner calidad uic paniicaci6n. Scgiin csio, corrcspondc a los gcnctistas moleculares 
denostrar a los fitomcjoradorcs quc puden ayudar cn el proccso fitot6cnico. 

AGEN)A I)E INVES'TIGACI6N DIEL CIMMYT 
Al invitarmc a venir al CIMMYT par estas celebraciones, el Director General sugiri6 que 
tal vcz mc guslaria ccntrar mii poncncia cn las nucvas mctodologias cicntificas que son 
pertincntes a a misioin del CIMMYT. 

Abordo esa solicitud con cierta ansicdad a causa de mis rccuerdos dc dos ocasiones 
n:emorables cii 1976 y 1988, cuando presidi las revisiones externas de los programas del 
CIMMYT. Las diferencias en las perspectivas de los observadores inernos y externos se 
vuelven muy claras. Sin embargo, en relaci6n con el futuro del Centro, me imagino que no 
se pucde discutir quc el CIMMYT debe basarsc cn sus puntos fuertes, que por supuesto 
incluycn las ,ircas del ilcjoramicnto genctico, h manipulaci6n de la rcsistcncia a las 
cnfcriedadcs y los inscctos, las cnas amplias y cl control fisiol6gico dc tactorcs ffsicos, 
como la toxicidad dcl suclo, quc liilitan !a productividad dc los cultivos. Gran parte de 
esta 61tiima labor ha sido tili para la invcstigaci6n sobrc cl mamiejo dc los cultivos en la 
cual el CIMMYT participari cada vcz nieis, de acucrdo coil las cxpcclalivas cxprcsadas en 
cl Plan Estraidgico dc quc cn los 90 los mayorcs incrcmcintos dc la producci6n sc 
originarin cn el mcjor mancjo dc los cultivos :iis quc cin cl fiomcjoramicinto. 

Euinmi interds por la biologia fitoiolecular inlluyc mucho mii parlicipaci6n, como 
iniembro dcl Comitd -kscsorCicntifico, cn cl Programa linIcniacional sobrc Biotecnologia 
del Arroz de la Fundaci6n Rockefeller. Eu caso dc que no cst6n faniliiarizados coil cste 
programa, tonio la oporlunidad para informarles que esta cii inarcha dcsdc 1984 y su 
prop6sito es efectuar investigaciones que aumenten la produccioin, la conliabilidad y el 
valor nutricional del arroz cultivado por los agricilrores pobres cii los paises en desarrollo. 
La labor es realizada por grupos complementarios de investigaci61 en numerosos paises 
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industrializados y en desarrollo, todos con el mismo prop6sito esencial; sc trata entonces 
dc una red internacional de investigaci6n. 

El punto fuerte del CIMMYT ha sido siempre el mejoramniento gendtico, como lo 
demuestran las estratdgicas y socialinente ifles investigaciones fitogen6ticas usando los 
genes del semienanismo, el mejorainiento altenado en grai escala y otras innovaciones en 
el trigo. iCuiiles son las nuevas oportunidades en este camipo? Una de elias es cl mapeo de 
los RFLP (polimorfismos en la longitud de fragmentos de restriccion). El CIMMYT ya ha 
iniciado este tipo de investigaci6n en el mafz. El fitomejoramiento utilizando la tdcnica de 
los marcadores ya es una realidad potencial en el mafz, cuyo mapa estfi casi completo y 
seginentos cromos6micos dtiles pueden ser marcados y rastreados en los programas 
fitotdcnicos (Murray et al. 1991 ). 

Gracias a la labor dirigida por el Dr. Steve Tanksley de la Universidad de Cornell, ya 
existe el inapa de los RFLP del arroz, que i~cluye alrededor de 450 marcadorcs con un 
prornedio de distribuci6n de 5 cm entre los loci. Este napa se puede usar para obtencr 
resistencia al afiublo, el tiz6n bactcriano y la chicharrita de lomo blanco. Un aspecto tal 
vez mis iniporlante del piogrania de arroz es que cientificos de muchos pafses en 
desarrof!o han sido capacitados en Cornell y en el IRRI y en cursos itinerantcs especiales 
realizados por Gary Kochert de la Univeisidad de Georgia. Este cientifico prepar6 
manuales de laboratorio y recorri6 ochn paises del sudeste de Asia con el fin de enscilar a 
elaborar mapas de los RFLP. Si atin no lo ha hecho, el CIMMYT podra transmitir los 
conocimientos sobre los RFLP a los sistenias nacionales de investigaci6n agrcola (NARS) 
que tienen programas de mejoramiento del mafiz, dc tal inodo que, usando las sondas del 
CIMMYT, puedan elaborar mapas en sus propios genotipos importantes y, de csc modo, 
proporcionar marcadores para genes quc sean especialmente 6itiles para sus programas. 
Podrnin asi rcsolver problcinas agrcolas especficos de sus regiones. 

La investigaci6n sobre los RFLP del trigo ya se efccttia en varios laboratorios y se ha 
iniciado en forna tentativa en el CIMMYT. Estoy inuy familiarizado con el trabajo dc 
Mike Gale y sus colegas en Norwich, Inglaterra, quienes han descubierto alrededor de 
1,000 marcadores y los han asignado a cronlosomas; ya se han elaborado mapas precisos 
de unos 350. 

En este punto es conveniente decir algo acerca de las cruzas entre especies, un irca en la 
cuai el CIMMYT ha trabajado desde su primera intervenci6n con el triticale, quc sc inici6 
hacc unos 25 afios. Algunos de los productos recientes del Programa de Trigo del 
CIMMYT se derivaron mediante cruzas ainplias, comfo los trigos Veery, quc contienen un 
segmento del cromosoma IR del centeno que originalinente fue transferido al cromosoma 
lB en lo que entonces era Alemania Oriental. Posteriormente sc han realizado 
investigaciones extensas sobre la hibridaci6n amplia en el trigo y el maiz. 
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El rastrco de segmentos de cromosomas ex6genos que se han incorporado en genotipos 
receptores de trigo o imaiz Cs uno de 'os problenas afrontados por los citogenctistas quc 
trabajan en esos programas. En los filtimos ahios sc han establecido dos nucvos esquemas 

dc rastreo que cl CIMMYT debe adquirir si atin no lo ha hecho. El primcro dc cllos es el 
bloquco de genomas, dcscrito por Heslop-Harrison et al. (1990), ci el cual el ADN 
gcn61nico del donador se puede distinguir del ADN del recptor niediante la hibridaci6n 
ADN-ADN in situ en preparaciones citol6gicas. Por consiguiente, se puede determinar 
con precision la presencia y l localiimici6n dcl ADN introducido quc tiene genes valiosos 
desde el punto de vista agricola. Otro m6todo, dcscrito por Jena ct al. (1991), se aplic6 al 
material en el que se transfiri6 Ilaresistencia a la chicharrita caf6 dc Oryza oficinalis a 
Ornza saliva. Los segmcntos del ADN de 0. ojficinalis rcconocidos por sus secuencias dc 
RFLP pod/i ser detectados mediantc las modificaciones cii cl napa de 0. saliva. En 

consecuencia, se puede determinar la naturaleii de la modificaci6n en cl ADN del 
receptor con estos dos mdtodos, lo cual permite estableccr si se ha restaurado 
adccuadamentc la cstructura gcn6mica d. un progenitor recurrente antes de que se llcvcn 
a cabo las pruebas ;n el campo. 

Recuerdo que en el momento de la rcvisi6n externa de los programas en 1976 analizamos 
cxtensamentc con nuestros colegas del CIMMYT la acumulaci6n piramidal de genes para 
obtener rcsistencia a las enfennedades, de tal modo quc se pudiera proporcionar la 
protecci6n gen~tica mlis amplia posible. El CIMMYT afrontaba el problema de que el 
elevado potencial de rendiiniento de sus genotipos de trigo no se realizaba en algunos 
lugares a causa de l presencia de razas pai6genas virulentas. La acumulaci6n piramidal 
de genes de la resistencia en distintos loci es posible cuando cada gen proporciona 
resistencia a una raza diferente del pat6ge o y se puede practicar l sclecci6n mediantc ia 
infecci6n por cada raza por separado. Este cs un procedimiento complicado, quc se 
simplifica si se puede rastrcar cada gen de la resistencia por su propio marcador de RFLP. 
Es urgente que cl CIMMYT peitfeccione el mapa del trigo hasta que sea posible efectuar 
este rastreo. 

Los titoinejoradores han hecho mucho hincapit en que Ls preciso basarse cuando sea 
posible en la Ilamada resistencia "durable", lnnino que creo que fue usado por primera 
vez por Johnson (1981). L durabilidad implica una forma de resistencia generali/ada a 

las enfennedades o los insectos que es prolongada, posibleiente porque cs incompleta y, 
por lo tanto, no cjerce la misma presi6n de selecci6n sobre el pat6geno que Ilaresistencia 
total, la cual posteriormente resulta especifica para la raza. Me gustarfa que el CIMMYT 

se preguntara c6mio .c pueden coiprender y explotar mejor en l protccci6n de los 
cultivos las formas generalizadas y durables dc la resistencia. Mi inter6s se origina cn cl 
progreso logrado cii el Programa de Biotecnologia del Ar;oz de la Fundaci6n Rockefeller 

por Chris Lamb (Dixon y Lamb 1990), del Inslituto Salk. Lamb sefiala que la resistencia al 
ataque de las enfermedades depende dc defensas inducibles que incluyen la producci6n de 
fitoalexina, el fortaleciniento de las paredes cclulares iediante l sintesis de lignina, 
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glucoprotefnas ricas en hidroxiprolina y callosa, y de la sintesis de enzinas Ifticas, tales 
como la quitinasa y la glucanasa, que destruycn las paredes celulares de los pat6geros 
invasores. Sc comienzan a conocer los mccanisnos noleculares que sustentan esas 
defensas y Cs posible manipularlos. Muchas de esas ciziinas ya sc conocen y se proyectan 
intervencioncs en sus actividadcs. El CIMMYT no puedc descuidar esta -irea que avanza 
rapidaincnte, con su potencial para la protecci6n prolongada de los cultivos contra las 
enfermedadcs y los inseclos. Quicucs formulan las polhticas dcl CIMMYT deberin dccidir 
si las investigaciones pertinentes sc cfcctuarni encel Centro o scrfi preciso accrcarse a los 
laboratorios de los paiscs industrialimidos dondc ya cst en marcha ese trabajo. En la 
actualidad, se efccilia una labor similar a la del arroz co el maiz (Nasser et al. 1988), la 
cebada (Swegle et al. 1989) y varias otras cspecics dc plantas. 

Pienso quc 6sta es un irea de la ciencia que tndri un ripido dcsarrollo en el pr6ximo 
decenio, en forinas inesperadas cuando la biologia molecular comcnz6 a aplicarse a las 
plantas. Si bien podiamos prevcr beneficios provcniences de las inanipulaciones en las que 
cl componente de resistencia activa era el primer producto dcl gcn, parecan existir pocas 
posibilidades de avanzar cuando los sistemas inclufan el metabolismo intermediario. No 
obstante, conUo sc seialo antes, aliora se COlOCeC mejor algunos procesos del inctabolismo 
intcrmediario, como los que rcsullan en la resistencia a las enfermcdades bacterianas y 
causadas por liongos. Lo mismo ha sucedido con las rcspuestas de las plaintas a los 
componenics fisicos dcl ambicntc. Una rama importanfe de la invcstigacion sc ocupa de 
las proteinas que protegen a las plantas contra las emr -aturas bajas o alitas (Barros et al. 
1991). Este cs tainbi6n un campo quc debe ser obsernado dc cerca por el CIMMYT, ya 
que el Centro fiene responsabilidadcs en paises donde existen condiciones climniticas 
cxlrenas. 

En la nota lue me dirigi6, cl Dr. Winkelnann mc pregunta especialmente sobre la funci6n 
del CIMMYT en la transformaci6n gcn6tica, men "ionando el acuerdo cntre el PNUD y el 
CIMMYT. Como no conozco lo qu se ha acordado entre el CIMMYT y el PNUD, ii 
respuesta a la pregunta es totalinentc imparcial. Sc ha dcesarrollado un sistema de 
transformacidn para el arroz japons, quc se aplica en varios labordtorios. El sistema usa 
la metodologia de los protoplastos principalmentc con polictilenglicol (PEG). Ha tenido 
6xito la transformaci6n con el arroz de la India, pero hi tecnologia no esti tan bien 
establecida como en el caso dcl arroz japon6s. L investigaci6n se apoya tainbi6n en los 
mitodos biolfsticos y deAgrobacterium. La situaci6n es que, si bien se ha logrado ]a 
trasformaci6n en el arroz, 6sta ain se encuentra en la etapa experimental. Alin no cxiste 
iua tecnologfa que se pueda usar ordinariamente COllO conponente de un prograrna 
fitotdcnico, a pesar de mis de cinco afios de trabajo en varios laboratorios buenos con 
genie talentosa. Pienso que la tr nsformaci6n estfi mis avanzada en el arroz que en 
cualquier otro cereal, incluido tal vez el maiz, si bien no conozco la eficacia de los 
sistemas disponibles pa a el maiz en el sector privado. 
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En el caso del arroz, antes de que la transformaci6n pueda convertirse en parte de un 
programna fitoircnico seri necesario abordar los problemas del auniento progresivo. El 
aumento progresivo en cualquier tipo de desarrollo de tecoologia plantea probleinas 
difcrentes de los encontrados en la prinera etapa experimental. En la transformaci6n, serA 
preciso contar con mltodos que creen Iransforniantes priniarios en cantidades que 
penitan la scieccion de genotipos con la inscrci6n estable del ADN introducido, donde su 
posici611 o posicioncs cn el ADN dcl receptor sua fenotipicaniente 6ptima, con exprasi6n 
en el clemento recta en un nivel quc permita latraducci6n 6ptina de los nuevos genes sin 
otras miodificaciones perjudicialcs del genotipo receptor. Las cantidades nccesarias para 
lograr csas caracterfisticas sin duda dcpcnderin del cultivo en cuesti6n. Evidenteinente se 
relacionarCin coiel tamafno del genoma de la cspccie receptora y su grado de ploidia. De 
la consideraci6n de csos factores pucdc surgir una rama sccundaria de la gendlica de las 
poblaciones. Finainentc, se dcbcn abordar interroganics vinculados con l lanzamiento. 
Por ejemplo, 1,se permitini lanzar para cl consunlo hunIa no cultiVOs cuyos gCIOtipos 
portan genes clue codifican la produccion dc antibi6ficos? Se usan expcrimentalmente esos 
genes para permitir la selecci6n de transfornantes. 

Lo que quiero decirles es quc el proccso no consiste s6lo en "iBravo, tenenlos un 
transforinante!" Los factorcs quc lieenumerado deben ser considcrados antes de que una 
tecnologia se pueda aprovechar. Cuando se perfcccione latecnologia de la 
transformaci6n, scr.i preciso aplicar los mitodos fitotecnicos normales a sus productos. 

El punto fuerte del CIMMYT no es su capacidad de encontrar nuevos caminos en la 
ciencia sino aplicar la ciencia para cl beneficio dc lhhunanidad. En ese contexto, quizi 
sea mejor dejar a otros lainvestigaci6n sobre latransfoiniaci6n. El CIMMYT deberi 
participar cuando laexpcrimentaci6n haya producido tecnologias utilizables que aumenten 
ia producci6n de inaiz, trigo, cebada y triticalc. 

OBSERVACIONES FINALES 
Tal vez sin cautela, lie respondido a la solicitud dc describir c6mo ser,I un aspecto del 
CIMMYT en el futuro. Reconozco que alguien con una experiencia diferente podria haber 
hablado del futuro del CIMMYT en el modelado de cultivos, ]i fisiologia de los cultivos, 
el procc amiento de datos u otros componentes de la vida institucional del Ccntro. Espem 
no haber hecho demasiado solemne esta celcbraci6n. Somos serios pero no solemnes. 

Con frecuencia visito cenlros internacionales de investigaci6n agricola y cuando I,hago 
recuerdo un pasaje de los escritos de ese gran irlandds, Jonathan Swift. En 1727, al 
describir los viajes de Gulliver a lhAcademia de Lugado en "Viaje a Liputa", escribi6: 

"El primer Hoinbre que vi era enjuto, con las Manos y el Rostro tiznados, el Cabello y 
la Barba largos, desgrefiados y chaiuscados en varias Pares. Sus Ropas, Camisa y Piel 
eran del mismo Color. Habia trabajado Ocho Afios en un Proyecto para Extraer Rayos 
Solares de los Pepinos, los cuales iban a ser colocados en Frascos sellados hermiticamente, 
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y liberados para calentar el Aire en los Veranos inclementes. Me dijo que no dudaba 
que, en Ocho Aios mris, podria proporcionar una Cantidad razonable de Rayos Solarcs 
a los Jardincs del Gobernador; sin embargo, se qucj6 de que era escaso cl Material de 
que disponia y me rog6 que le dicra algo como Estfinulo a] lngenio, espccialmentc 
porque los Pepinos habian sido muy caros csa Temporada. Le hicc un pequciio 
Obsequio, ya quc mi Sefior dclibcradamente me habia proporcionado Dinero porque 
conocfa la Costumbrc quc tenian de mendigar ante todos los que iban a verlos". 

Esto no rcpresenta adccuadaniente a un centro de investigaci6n, pero hay clementos 
suficientes parta que la dcscripci6n parezca perlinente. Existe una devoci6n por el trabajo 
centrada en los proyectos: la optimista concentraci6n en un proyecto a largo plazo (n6tese 
quc ya en 1727 se Ilamaba "proyccto"). Y entonces, como ahora, no existian recursos 
suficientes para realizar la tarca porque habian auientado inesperadamente los costos y se 
necesitaba mtis dincro. No quicro imponer mi opini6n; sin embargo, ino hay cierta 
similitud? 

El. FUTURO 
Durante 25 afios el CIMMYT Imcontribuido en forma creativa al mejoramiento de nafz y 
de trigo. Ha realizado el equivalente de liberar rayos solares contenidos en frascos al 
aumentar la cantidad de carbono fijado por la luz solar en forna de alimentos. 

Es imposible pronosticar ad6nde Ilcgarin las ciencias agricolas en los proximos 25 afios, 
en los que la poblaci6n mundial se duplicani. Ser, preciso mejorar mucho nuestra 
eficiencia cientifica para afrontar los problemas de stministro de alimentos que se 
producirin. Sin embargo, iqui6n hubiera pensado cuaivdo se fundi6 el CIMMYT que, 25 
afios mis tarde, estariamos a punto de mejorar considcrailemente la eficiencia del 
fitomejoraniento? En esos momentos, la transformaci6n hulhiera sido un suefio imposible. 
iQu6 oporunidades cientificas sc prcsentarin en cl fuluro? Todo lo que podemos decir 
acerca del futuro es que scri diferente. 

No hay un logro niis noble que la labor que realiza el CIMMYT, la cual pennitir a los 
agricultores, inediante los sistemas nacionales de investigaci6n agricola, incrementar la 
provisi6n de alimentos para los pobres. Ojalhi puedan ustedes continuar durante mucho 
tiempo cumpliendo con su compromiso con esta tarea vital, usando toda la cicncia y la 
tecnologia que les permilan ta':crlo con eficiencia. 
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RESPUESTAS 

Luts HI-itRi-RA-ESTRE-II.A 
JI-:I- DEL DF.-AIV,'IAMENTO DiE BlOlOGiA 

MOIECIJI.A 1)1-I. CENTRO DE INVF.SlIGACION 

Y Es'vurnos AVANZADOS (CINVESTAV) 
l)Fl INS'I'IJl'0 POI.I'1VCNICO NACIONAL. 

DIE MI~xlco (IPN) 

Respec:m a la agricultura moderia, Sir Ralph Riley manifiesta una preocupaci6n tnuy real 
por la separaci6n entre los mejoradores y los bi6logos moleculares. Yo creo que esta 
separaci6n es temporal y se debe sobre todo a problemas de lenguaje y de entendimiento 
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entre dos gencraciones con tradicioncs distintas. Sin embargo, crco que en los tiltimos tres 
afios ha habido un acercamiento mnuy imporlante entre los mejoradores y los bi6logos 
inoleculares o biotecn61logos, que no s6lo han crcado una conciencia de que debe haber 
ainistad ctre los mejoradores y los bi6logos molcculares, sino quc nos han hecho pensar 
qucen un futuro va a scr necesario el matrimonio entre ellos; tal vcz un buen ejemplo es 
mi presencia en cste evento. 

Yo no soy un alto funcionario ptiblico mexicano ni tampoco directivo de una instituci6n 
internacional; yo soy investigador y biotecn6logo, y creo quc el CIMMYT solicit6 mi 
participaci6n en este cvcnto debido a su interfs en las nuevas tecnologfas quc 
probablenente tendr~in un impacto muy importante en el desarrollo de la agricultura 
moderna. Por esta raz6n, es muy loablc quc el CIMMYT haya tornado en consideraci6n el 
desarrollo de aspcctos de la biologia molecular quc sirvan par establccer la comunicaci6n 
c interfase entre la parlc biotccnol6gica y el fitomejoranmicnto tradicional. Estoy 
convencido de quc csto seri sincrg6tico y mis cficaz cn la aplicacidn de csas tUcnicas a 
los programas de mejoramiento nacionalcs cn los parses en dcsarrollo. 

El establecimiento del grupo de t6cnicas molecularcs para cl mapeo genctico en cl 
CIMMYT me parccc un gran acierto dcl cual podcmos esperar dos bcneficios mnuy 
grandes en cl futuro cercatno: uno es el uso dc esta tecnologia para realizar programas de 
rmejoramiento donde se manejen caracteres cuantitativos quc pucdan transferirsc a nuevo 
germoplasma dc mancra ne;is clicicntc; cl scgundo, y quiz.i rnis importante, cs el de 
catalizar el uso dc esta tecilologia en los prograinas nacionales, para lo cual ya sc cstin 
tomando pasos importantes en cl CIMMYT. 

El establecirniento de tdcnicas no radiactivas para la detecci6n de ;icidos nucldicos es de 
gran relevancia. Dado que no sC cuenta cni muchos pafscs con la infraestructura para 
manejo de inatcriales radiact:-.'os, cs complcja la transfercncia de dicha tecnologfa a los 
programas nacionalcs. Por tanto, cl dcsarrollo dc tccnologas no radiactivas facilitari la 
transfercocia de tkcnicas molecularcs a los institutos nacionales. 

Tanibidn nicncion6 Sir Ralph lue se estan haciendo grandes avances hacia el 
entendimicnto de los procesos molccularcs quc controlan la respuesta de plantas al ataquc 
por pat6gcnos o factorcs ambicntales. Crco que estos avances indican qcue la biotecnologfa 
tendrni un impacto dc gran envergadura cn un futuro no mnuy lejano en el desarrollo de la 
agricultura, sobre todo ell los parses que careccn dc alimnitos, cn cornparaci6n con los 
paises ya dcsarrollados dondc el inipacto va a scr nctamc,,,: dc disminuci6n de los costos 
de producci6n. 

Ei este caso, se tmta de incrementar la productividad dc las tierras que ya estin en uso. 
Para dar ejemnplos de lo qcue la biotccnologfa ya est~i producicndo, podcnios mencionar la 
resistencia a insectos, que ya se ha incorporado a iuchas cspccics vegetalcs, ]a obtenci6n 
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de tomates cuya vida de anaquel se ha prolongado de 15 a 120 dias y un incremento hasta 
del 30% en el contenido de alid6n de la papa. En vista de estas enonnes perspectivas, 
cabe plantear una pregunta muy rclcvante: i.Hasta d6nde debe Ilegar el CIMMYT en las 
tdcnicas nioleculares? ZHasta d6nde dcbc avantimr en este sentido sin dejar de cumplir su 
funci6n filol6cnica tradicional? 

Creo que se pucde ilustrar este problema con ci programa de biotccnologia de arroz que 
ha cstimulado la Fundaci6n Rockefeller. Segin mi muy personal criterio, 6ste ha tenido un 
gran impacto en el desarrollo de la investigaci6n en arroz, no porque ha recibido fueries 
aportcs econ6micos,sino dcbido a la atinada sclccci6n de los laboratorios que participan 
en el progrania, t nto de paiscs desarrollados como los que estlin en vas de desarrollo y, 
sobre todo, a la colaboraci6n entre fitomejoradorcs y bi6logos. De especial rclcvancia es 
la participaci6n dcl Instituto lntcnacioal de Invcstigacidn en Arroz, cuyos cientifficos han 
aportado conocimicntos bisiccs sobre cl arroz y su expericncia en experimcnos de 
campo, sin inientar rcsolvcr cllos mismos los problemas miolcecularcs; hall establecido 
tambifn programas de colaboraci6n que son modelos dignos de estudio. 

Otra cosa imporlantc quc debo mencionar cs uc hacc poco imis de 1(1 afios la 
invcstigaci6n agricola sc dcsarrollaba cn un ambicntc casi paradisiaco, donde habfa libre 
intcrcaibio dc gcrnoplasma, librc lransfcrcncia dc tccnologia y un flujo de infonnaci6n 
sorprendentecncntc igil. Con el advcnimicnto dc ]a ingenicrfa gcndtica, ese mundo se cstAi 
transformando cn un mundo de patentcs, rcstriccioncs legalcs y de infortnaci6n, lo cual es 
una consccuencia, diria yo, negativa de csta innovaci6n, aunque licec sus aspectos 
positivos. Por lanto, es fundamental quc cl CIMMYT y otros centros internacionales 
participcn en i btisqucda de niecanismos quc facilitcn y garanticcn la transfcrencia eficaz 
de tecnologfa a los paiscs cn dcsarrollo. Es fundamcnal subrayar quc en nucstros paises la 
tecnologia es nis importantc que en los pafses ya desarrollados, pues contribuye a 
mantener nuestra soberania c impulsar nuestro dcsarrollo cconomico. 

Por iltimo, quisiera manifcstar quc el CIMMYT no debe convirtirse en un ccntro dc 
investigaci6n biotecnol6gica, ya que su aportc cs fundamcntalincnte en el campo del 
fitoinejoramicnto, aunquc pucde aprovcchar muy bicn las hcrramicntas que dicha 
investigaci6n Ic brinda. Crco que cs un gran acicrto el mapco de polimorfismos de sitios 
de resiricci6n y cl uso de otras tccnologias rclacionadas, como nencion6 Sir Ralph; no 
obstantc, scria una gran p6rdida para laagricultura imundial quc el CIMMYT se dedicara 
de Ilcno a todos los aspecto:- ,olccu,rc. Scria atin reis triste quc sc vicra forzado a 
tomar ese giro por limitaci,)n(.s d" tipo econ6mico, hccho quc las agencias donantes deben 
considcrar. 

109 



SANJAYA RAJARAM 
JEFE DEL. SUBPROGRAMA 

MMIO 

PRG-3RANIA w.. Titmo lm.CIMMYT 
DE MEJ1lbMLr DEi G.RMOPLASMA, 

Des;.o dar las gracias a Sir Ralph por sus palabras positivas sobre el 6xito del CIMMYT, 
pues expres(6 que "durante los ultimos 25 afios el CIMMYT ha contribuido de manera 
creativa al mejoramiento del maiz y el trigo", y agreg6 que "no se puede negar que cl 
CIMMYT dcbe basar su trabajo Cn su capacidad citntfi-ia existente. Por supuesto, Csa 
capacidad se cncucnlra cn el fitomejorami cnlo, la manipulacion dc laresisicncia a 
cnfermedades c inscclos, las cruvas amplias Nycl control de los factores lisiol6gicos, tales 
como la toxicidad dcl suclo, quc limilan laproductividad de los cultivos". Mis tardc se 
rcfiri6 a la intcnrcci6n de las Icnicas hiolccnologicas actualcs, Ialcs como los RFLP y la 
fonnaci6n dc bloqucs de genoinios Coilmo las asistenlas dcl litomejor micnto. Sir Ralph 
hizo gran liiiicapi6 en cstas dos t6cnicas y menciond alguios o1ros conceplos c ideas cn 
forma somera. Me gustar'a cxplicar con imis dulalle algtiios dc eslos olros. 

Los docuinlos dcl Plan Estrat6gico y dc la Tcrccra Revisi6n Extcrna dc los Programas 
dcl CIMMYT describevi cl prograna dc invcstigaci6n que sc seguini hasta inicios dcl 
pr6ximo siglo. En 61 sc da una gran prioridad a lai'wcstigacidn disciplinaria. Crco 
firicn cillc ques muy convicnicle la intcracci6n dcl filomejoranmicnlo (oricntado a los 
cultivos) y lainvestigaci6n disciplinaria (oricnlada a a estrategia). En ocasioncs, coino Io 
mcncion( Sir Ralph cn su exposi,:i6n, estas intcracciones cvolucionan y sc dividen en 
diferenles culluras, y existc cl ricsgo dc que esl(o podria suceder cn cl CIMMYT. Debo 
reconocer quc los rccursos asignados al Iilomejoranicnto no han disminuido cn 
comparacion con los quc se Ic asignaban antes del plan cstratigico, pcro cit comparaci611 
con los quc se isignan a otras disciplinas, si hay una reducci6n, cn especial cn el caso dcl 

Irigo. 

Sir Ralph subray6 que es prcciso dar una gran priorid:id a la resistencia durndera a las 
enfermedades dcl maiz y el tfigo. Corno bicn saben, laroya dcl lallo en el trigo ha sido 
contenida cn lodo cl mundo durante los tllimos 30 afios, dcsde cl principio de la ca de los 
trigos semienanos. A principios de los afios 70 se iniciaron acdividades de mejoramienilo 
para lograr resislencia Inita a laroya de la hoja y, en consecucncia, dcsdc los ahos 80 se 
dispone en todo el mundo de germoplasia nicjorado de irigo harincro. En los tiltimos 1I 
afios no se ha inforniado dc ningu a cpifilia importanlc dv roya de la hoja ai roya lincal, 
sobre todo en variedades quc posenti los genes de la resistencia lenla. Las inctodologias 
emplcadas para lograr estos sistemas han sido cnsayos internacionales en muiltiples 
local-dades con el Fin de identificar esos genes, ic jorainiento allemado cn Mdxico y, por 
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tltimo, cuantificaci6n de la respuesta a la roya en materiales mejorados. Considero que 
6stos soil ejeniplos clisicos de como csos genes se pucdcn extender a un gran ntincro dc 
inatcrialcs ncjorados adaptados a difcrcnics mcga-amhicntcs. Todavia nos scltimos 
perturbados por la epifitia causada por Ia rza "T" del tiz6n surcfio dcl maiz en laFaja 
Maicea dcl stir de Esiados Unidos. Por csta raz6n, cs indispensable quc las varicdadcs de 
alto rcndimiento lanto de maiz co)iO de irigo qucscs .icnbran exien1samcnic poseall 
divcrsidad dc resisicncia y estabilidad de comporlamicii1o. Por cso mismo, cl 
lejoriliielto tic llantciiniienito deht seguir sicndo una actividald prioritaria dcl 

CIMMYT. Algunos de cstos genes ya sc han clasilicdo gcofticamcntc y su marcado 
molecular podria facilitar el proccso de mantcnilniento. 

L~a clevada estabilidad dc comportamicnto y laadaplaci6n aniplia basada en los rncga­
anibicnics, julilo Coil Lil elcvado potcincial dc rcndimienlo, deben seguir siendo cl nuclco 
dcl mejoramicilto dc germoplasnia dc mai,, irigo harincro, trigo duro, triticale y cebada. 
Las cmAzas amplias, complejos germplismicos lja nos (primavci x invicnio) y la 
hibridizaci6n intcrcspccilica puCdejn ayudar a incrcnicnliar ladiversio:id gentitica y 
atnpliar la adaplaci6n. Los problenias relaciojiados coln lacalidad industrial adquiririn 
gran ilinporlanclia mientras cojisrvnios uii balance posiivo de aliiiientos enl el inulndo. 

El miejoramicnio para lograr tolerancia a los lactores ai6ticos adversos se rcinstaur(i 
1omo consccuencia dcl Plan Estral6gico; pieiiso qtic dche seguir flonnamndo parc dcl 

programa de invustigcil6n. En iitLchts casos, cl gernioplasi mej orado en amb ientes 
6ptimos ha ticnido tambic.n tin comporlamicnto satisfactorio en zonas marginales. El caso 
de Pakistuin, quc se prcsenta en lapublicaci6n HCC'IeSYV7C/ndc'/ias 1990-91 del 
CIMNIYT, constituye un ejeiplo excelente. Al pa rcccr laVa riabilidad gcn6tica de Il 
holcrncia a la SCluia, Ll calor y la salinidad es muy rcducida. Los progranias de cruzas 
aimplias podrialn dcscmpcfiar una funciin iiiportantc ciila transfercncia de fuentes 
adcctadas, liables y cuanlificablcs de variabilidad genetica Almaii yal Irigo. Es aqui 
donde los RFLP y lalisiologia podri'an Ikrtalcccr cl fitomejoramicito. 

i,Y qu6 hay rcspecto a las regioncs! Muchos progra ias iacionalcs tocdavia soil ddbiles y 
necesitan la ayuda dcl CIMMYT a pesar de quc hay personas quc alirman que es 
contraproduceite. 

Para finalimr, creo que no es nccesafio dividir al CIMMYT en "vicjo" y "nuevo". De 
hecho, ha evolucionado de nianenr conslinte desdc su crcaci6n hace 25 anos y antes de 
eso bajo otros noibres, y pienso que seguiri evolucionando. 

Entre los asistentes, contamos coi la presencia de los fundadores y pioncros del 
CIMMYT; desco inanifestarles nucstro agradecinicnio por su visi6n y dedicaci6n. 
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CAMBIOS PREVISTOS EN LAS 

ECONOMiAS MUNDIALES DE LOS 

CEREALES EN LOS PROXIMOS 

25 ANOS 

RMcIARD PE RKINS
 

Duuwcroit l)IELA DivSiN DIF PRODUCTO-S
 

DEiL.A OIW;ANIZAcI6N PARA I.A Ai.IMENTAC6N
 

Y LAAGRICIJTUJRA DE! I.As NACIONFI; UNIDAS
 

(FAO), RoNlA, ITALIA
 

EsTJNIEN 
Eni este trahajose Ipresenta un bre've eshozo die las 
tendencias dL' lei Lconlonta ,nundial die cereales en los 
allimnos 25 (iosY sexpro.VLctan los camnbios quL' quizd 

ocurran oil los Iroximos 25 anios. Se L'stima quL' comno 

resultado en prime'r lugar tie los incrL'nltos dLe Ia 
pobla(in"v tie' lv., camhios eni los ingrL'sosYi hs 

preferel'C jas, la denanda mu ndhi 1 t'e ceal'e1Ls crecL'ra 
entre 2 v *? ,4anualmL'ntL' enf los pniximos 2(0 anjos. Este 
crcileLntoseL dard principalmezze en los paisy's en vias 
tie desarrollo qu" a mL'nudo( nL'cLsitartin quc se Il's 

transficran tec1ulogias adecuiadas. Ya exisic Ia capacidad 
die produc ir sufiLiel IL'S cerca Ics para satisfacL'r esa 
dcenanda, jpcro no sin Liert() riL'sgop)(ir( el .ncdio 

anete'lL. Los rendlinientos por hLcarea (quc son1 cada 
vez inus dWflcs tie'aumnnar a causa die hi disminucidn tie 

OI)Ci~flL'S) SqL'it'U(il jL'ldd) /ahian lf~'L Jprimaria ide 

CrciiiLt lL'l eLiauuro. La LrL'LIent(L aIL'/ciin otorgada a 
problcmtas con() c' IlLdi) (imhicltL', la seguridad 
alimeLntaria, Ia L'iciecia Cconmjiica Y el desarrollo 

sustL'ntahlL' requiL'rL qucsXL LmplL'en nu~odos 
,nulidisciplinarios. Lo incis p~robabhle es que este tipo de 

inv'Lstigacioin sea costosa , dificil; adL'mds, para que sea 
eflcaz liene quL' contar Conl un elento internacional 

fiierte. Por otra parte, para lograr la seguridad 
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alimentaria, un desarrollo sustenlable y un amhiente muds sano serd necesario modificar el 
comercio nds liberalque seguranente surgird en elfiauro. Sin embargo, la investigaci6n
 
puede ayudar a incrementar las alternativas politicas , reducirla incompatibilidad de los
 
objetivos.
 

En nombre del Director General de la FAO, Dr. Edouard Saouma, deseo Iransmitir al
 
CIMNIYT nuestras imis c;ilidas felicilacioncs en la concmoraci6n de su 25o Aniversano.
 
Vucstros logros han sido una fuente de orgullo para la comunidad internacional y han 
,Iado a millones tic agricultores de todo el mundo ha oporlunidad dc clcvar 
considerablemente sus rendimicntos de frigo y de maiz y, por consigdicnlc, han
 
coolribuido a incrementar sus ingiesos y a mcjorar hi seguridad ali mcntaia.
 

Uslcd me Ia invitado a hablar hoy sobre los camihios previstos ci las ceonomias 
mundiales de tos cereatcs en los pr6ximos 25 afios y tralar6 de profundizar en el tcma.
 
Antes de hacerlo, quisicra remontinc a ta fundaci6n del CIMMYT y a los camnbios
 
ocurridos cn los tlimos 25 afios ci ta cconomia mudial dc los certatcs.
 

La Resefia de produclos de la FAO correspondicnic a 1966 constituyc una Icctura 
intc-rcsaitc. No pucdo rcsistirme a t:h lentaci6n de mencionar brevemcntc atgunos de los 
acontecini liIns gcneratcs scfia lads en th rescfia para csc afio. LA)s Estados Unidos de
 
America 
aichaan de sncilona si Ley para Ih Agricullura y la Alimcnlaci6n de 1965, la
 
cial ticel grandes rcsonancias en a legistaci6n de 1t90(J. Cilo lo cxpresado en ta Rcsefia:
 
"1La Icyl rel*trz una '2ndcncia hacia mcnorcs subvencincs a los prccios y mayores
 
mpgos dircclos a tos agricultores cluC rcstringimai 1i producci6n." Otra cila: "El Consejo de
 
Ministrns de Ia CEE cnia dificuladcs en acordar umn politica prr el tuluro." Li Ronda
 
Kennedy del GATT, 
que habia incluido los productos agricotas en hs negociaciones, 
resultaha "prolngada y a rdua". Dcsptuds de estns comenta rios, comenzamos nuestro 
examicin de h situaci6n mundiAt de los ccrealcs para ese afio con el siguicnle texto 
(resuinido): 

Li cconomia mundial de los ccrcalts ha entrado en una nuvi fase. Li 
impresionante disminuci6n de las resemas en los principalcs ifises exportadores 
entre 19 60s-1961 y 1964-1965 ha reducido tas existencias inundiles en Iapresente 
temporada a niveles que, con cl actualt volumen aIto de comercio internmcional y las 
condiciones de Immbruna eii v;trios paises en dcsarrollo, y;i no pueden ser 
consideradas excesivas ... La dcsaparici6n de his reservas excepciotmimente grandes 
vuelve a th cconomia de los cerc;les mais sensible a las fucrz~is ordinarias de la 
olerta y la demand,i y hace li1.is urgenle tos esfucrzos por aumentar hi producci6n cii 
los parses en desarrollo con d licit de ftimcnios. 

Considcro quc 6sta es una dcscripci6n adccuidi de i situaci6n inundial dc los ccrealcs cn 
eSOS niolneitos. 
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Sin embargo, no todo permanece igual y pasamnos a identificar los principales cambios 
ocurridos cn la ccononifa mundial de los ccrcales. En primer lugar, los paises 
dcsarrollados habian lorido revertir por complcto su posici6n prcvia a la Scgunda Gucrra 
Mundial y, de importadores neros, se haiabin convertido en los principalcs provecdorcs 

mundiales dc unos 25-30 milloncs de toncladis dc grano, como consccucncia dcl progreso 
a!cawtado con sus tecnicas de producci6n, los clcvados precios y subvcncioncs a los 

ingrcsos y el creciente cmplco de la ayuda aliinitaria. En segundo lugar, las cconomias 
dc planificaci6n ccnrliziada, quc habian sido exportadoras netas de cercales antes de la 
gucrra, sc habfan vuello cada vez iniis dependientes dc las importaciones de granos y, en 
vista de su politica de industrializaci6n, sc cspcraba quc continuaran sicndo importadoras 

de grairos bisicos. Sc prcvcfa que laexpansi6n d2 sus sectores pecuarios, basada cn parle 
cn cereales imporlados, scria una caracterstica importaate cn el futuro. En tcrcer lugar, la 
Resefia dc productos indicd que habia pruebas ,Icquc existfa una breclia cada vez iis 
grande entre la poblaci61 ) a producci6,i de ccrcales cn los paiscs en desarrollo. Sc 
pensaba quc muchos paiscs cn dcsarrollo no tenian nucvas tierras quc explotar ni lo 
ncccsario para lograr anmcntos conside rabIcs dfl rcndimicnto y por tanto Ics scra dificil 
dctcncr la tcndcncia dcsccndcntc de laproducci6n per ciipita dc granos y su crccicnte 
dcpcndcncia de las iiporlacioncs de ccreales. 

Crco quc csiar:i de acuerdo conlnigo en que estos proi6sticos cran bastanic razonables y 
quccn cierta medida sc han cumplido. Digo "en cierta incdida" porquc tice suerte aqucl 
cuyo pron6stico es corrccto auitnc sea por razones que iio son las aducidas. En cuadros 1 

y 2, liereunido algunas de esas tendcncias a mnis largo plazo. Sc destacan vaias 

caractcristicas dc los rcgistros cstadisticos. Dcsdc mediados de los 60 hasta la actualidad, 
la producci6n niundial de ccrcalcs ha crecido un 2.3% anual, qnc supcra el crcciniento 
dcmogrifico mundial dcl 1.91c. En los paises en desarrollo, la producci6n y el consumo sc 
han increnicnlado casi dos vcccs miy ripido qucen los parses dcsarrollados. El caso mais 
notable cs ci de Asia (3.317 anual). Por supuesto, aun cuando hat sido incritorias las tasns 
globalcs de crccinicinto cn los paises cn dcsarrollo, en inuchos de ese; paises los 
aumcntos no han sido suficicnlcs. Sc ha obhcrvado cl crccimicnto meais ripido cn el emplco 
de los cercales para cl consunio animal, espccialmcnte cii Europa Oriental y la URSS 
(3.8% al afio) y cn los paisos cn dcsarrollo (5.5% anual). Como rcflcjo del estado mis 

maduro de las industrias de alincntos para los aniimalcs cn Europa Occidental y Amdrica 
dcl Norte, asi coio de lautilizaci6n crecientc de sustitutos dc los cercalcs, ha sido lento cl 
auninto dcl ciplco de los cercalcs comno aliicnio animial en csas rcgioncs. El resultado 
neto Jc esias lcndcncias han sido canibios bastante ma rcados cn los patrones del comercio 
de granos. Los mis notables son los cnonics incremnentos de las cxportaciones netas de 
Amdica dcl Norte, la especiacular trainsiormaci6n de Europa Occidental quc, de la 
principal importadora ncla de ccreales, se convirlio cn la segunda exportadora neta nis 
importante. Otras caracterfsticas claves son los crecientes d6ficit de Jap6n y ia URSS y, 
mis preocupante, de los paises cn desarrollo. Sus importaciones ncta , de cereales pasaron 
de 16 milloncs de toncladas cn 1965 a 80 milloncs de toncladas en la actualidad. Sus 
imporlaciones bnitas aumentaron de 40 a 114 millones de toneladas. iiubo un repunte 
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Cuadro 1. Producci6n, consumno y comercio de cereales, 1964-66 a 1988-90 (miilones de t). 

U.tllizaci6n Utillizaci~n total, constinio Comercio 

Produccl6n total Animal tlumann n,to 
1964- 1918- 1964- 1988- 1964- 1988- 1964- 1988. 1964- 1988­

66 90 66 90 66 90 66 91) o6 90 

Amdrica del Nortc 210 3(13 163 228 22 32 127 158 -61 -119 
Europa Occidental 116 193 140 169 49 51 79 100 26 -24 
luropa Oriental 53 90 57 95 21 21 29 60 6 5 
Occan'a 11 22 5 8 2 2 3 4 -7 -16 
URSS 140 196 133 230 49 49 49 129 4 34 

Otros parses 
desarrollados 25 27 35 56 26 30 8 24 11 28 
Total de palses 
desarrollados 557 832 534 788 168 185 294 475 -20 -93 

Africa 37 63 40 81 32 68 1 4 3 18 
Arnrica Lat./Caribe 58 107 53 116 31 60 15 45 -6 8 
Cercano Oriente 37 65 41 99 25 56 8 27 4 30 
Lejano Oriente 331 714 341 740 289 597 14 70 14 23 

Total de pakses 
en desarrollo 464 950 475 1,037 377 781 40 146 16 80 

Total mundial 1,021 1,782 1,009 1,825 544 966 333 621 -5 -12 

Fuente: FAO Agrostat, novicmbre de 1991. 

Nota: 1I-comercio neto incluyc importaciones netas positivas c importaciones netas negativas. Tambi6n 
incluyc arroz c,.n c;iscara. o)s totales I'teron calculados a partir de ndmeros no redondeados. 

Cuadro 2. Tasas de crecimiento (% anual) de rendiniento de los cereales mAs 

importantes, 1961-70, 1971-1980 y 1981-90. 

Patses desarrullados Paises en desarrollo Total mundlal 
1960s 1970s 1980s 1960s 1970s 1980s 1960s 1970s 1980s 

Trigo 3.6 1.2 2.9 3.6 3.4 2.9 3.5 1.8 2.8 
Arroz 1.5 -0.1 1.2 2.5 2.0 2.2 2.4 1.8 2.1 
Granos gruesos .3.5 1.2 1.4 2.6 3.2 1.3 2.9 2.1 1.1 
Mai;z 34 2.3 0.6 3.0 3.1 1.6 2.6 2.6 6.5 
Todos los cereales 3.4 1.2 2.0 2.8 2.7 2.1 3.0 1.9 1.9 

Fuente: FAO Agrostat, noviembre de 1991. 

Nota: Las tasas dc crecimiento fucron calculadas a partir de tendencias ajustadas para incluir todos los 
afios en cada deccnio. 

115 



particularmentc brusco en los 70, vinculado en parte con el auge petrolero, que fue 
seguido por un perfodo de crccimicnto reis limitado en los 80. Todo esto deinuestra la 
posibilidad de un considerable incremcnto de la dcemanda en los pafses cn dcsarrollo 
cuando lo pcnnitan sus ingrcsos y la situaci6n de las divisas. 

En pocas palabras, las principalcs caracteristicas cstncturalcs de los tiltimos 25 afios han 
sido: (1) el cscaso auinento dc la produccidn y cl consumo pcro crccientcs exccdcntcs en 
Amrica del Norte y Europa Occidental; (2) un mayor incrcmento dc la producci6n y el 
consumo en los paiscs cn desarrollo, pero taiin ddficit crecientes; (3) una ripida 
expansion dcl empleo dc los cercales como alimento animal cn Europa Oriental, la URSS 
y los pafses en dcsanollo; y (4) una funcion cada vcz mayor dcl comercio mundial. 

i.Nos dan estas tcndcncias algunos indicadores para cl tfturo? Dirna que la respucsta 
probablemcnic cs ali fliva. Expondr6 las razones de mi opinion a medida quc 
examinemos los principalcs cambios estructurales quc pucdcn espcrarsc en el futuro. 
Antes de esto, me gustarfia dedicar un nionmento a describir la labor quc realizamos cn 
rMlacion con las proyccioncs. 

La FAO titne una larga tradici6n en la realizaci6n de proyccciones sobre los produclos 
agricolas. Nucstro primer gran esfucrzo conienzd en 1962 y abarcd hasta el afio 1970. 
Siguicron otras proyecciones en 1967, 1971, 1979 y 1986, y la iltima lIlcga hasia el afio 
2000. Estas proycccioncs sobre los produclos no cubrcii fa Iotalidad de la agricultura, pero) 
se concentran rnucho en aspc.tos de la ofcrta, la dcmanda y cl comercio. Por supuesto, 
someimos nucstras cstimacioncs dc la oferta y la acmanda a una scric de verificaciones, 
coio las rcpcrcusioncs sobre la alimcnaci6n y las reslriccioncs de la tierra y el 
rendimiento, y rcvisainos los resultados para ver si son compatibles con los inarcos 
polilicos cxistentes. En cstas proycceioncs, se tiendce a suponer precios reales constantes, 
si bien para la tiltima v la actual icios claborado un modelo indial de los alimentos que 
permite que varien los precios. Normalicnic las proyccciones han considcrado de cinco a 
sicle aflios fuituros y se hari ocupado prikicipalicnic de las consecucncias par las poiificas, 
el comercio y la seguridad alimentaria. 

El otro cjercicio de haFAO en cuanto alI futuro, litulado La agricultui hacia el 2000, ya sc 
ha rcalizado dos vcces y por lo gencral cojsidera un periodo imis amplio, de 15 a 20 afios. 
Nuestro pr6ximo estudio en csta scric, el cual se conipIctarni ci 1993, examinari ]a 
situaci6n en el af, 2010. Todos los "AT 20(1(1", co1no Ilaniamos a eslos estudios 
inundiales, abai.l.i u,n conjunto miis aiplio de cuesliones rclacionadas con los alilnentos 
y el desarrollo agricola. Se efecttian amilisis dclallados de la utilizaci6n de la tierra y los 
insunios y se prcsta gran atenci6n a las posibilidades tecnol6gicas de modificar los 
rendimientos. A nuestro Deparfamento de Agricultura Ic corresponde aporlar un 
coinponcife importantc ei relaci6n con el cambio tecnol6gico. En el modelo, el aspecto 
de la demanda es csencialnicnitc cl inisio (Itic cin ls Proyecciones de los productos, si 
bien sc considera un fiuotro m;is lejano. Los resullados de los AT 2000 tambidn se 
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concentran ris en cada pais y se ocupan de la utilizaci6n de los recursos internos. No 
obstante, la diferencia entre los dos tipos de estudio es ei esencia cl marco temporal y la 
mcdida en que factorcs distintos de los "productos" influyen el los anilisis y los 
resultados. En las proyccciois sobre los productos agricolas, se puede suponer que 
inuchos de los laclores clavcs que intcrvicien cn las proycccienes scr:in casi constantes en 
los pr6ximos chico a sicte afios. Los cambios fundamcnitalcs en los rcndimicntos, las 
tccnologias y las prcfcrc'icias cvolucionan iieis Icntamcilc quc estc marco temporai. En 
conltrastc, c cl transcurso de 20 afnos los cambios tccnol6gicos probablcmcnte serin 
end6gcnos, el anibicntc y la sostenibilidad son factorcs inportantcs y pucdcn ser 
considcrablcs las modificacioncs de las prcfcrencias. Por cjcmplo, considcrcmos cn los 
tiltimos 25 tfios la sustituci6n de las carnes rojas por las de aves cn los paises nas ricos y 
la 'asia expansi611 cn gran pare dcl mundo cii desarrollo dcl consunio de trigo eli 
deirimento de los granos gruesos. Aun cii los paises i s pobres dcl mundo, se han 
producido iiodificacinics sustancialcs de la dicta posteriores a la nipida tirbanizici6n. En 
consecuencia, al considerar los pr6ximos 25 afios no me basar6 cii nuesiras proyecciones a 
inediano plaio sobrc los produclts sino, inis bien, en las pcrspcctivas a meis largo plazo de 
La agficultura hacia el 2000, cuya tiltima vcrsi6n sc publiicd cii 1987. Adeiis de 
extrapolar alguias de csas coldencias, lainbiin examinare alguinos de los factores renis 
inciertos quc podrian surgir cii los pr6xiinos 20 6 25 afios. lncvitablcncnlc estas 
conjeturas son cii gran inedida cspcculativas y conllevan tiln ampli o ma rgen de 
incertidu ibrc. 

Me gustaria organizar estas ideas alrededor de algunos temas, cii primer lugar la 
perspectiva dc li demanda de alimntos para cl hoinbre y los animales. Ei segundo, me 
avenlurard cni cl irca de particular interds para ustedes, la producci6n. En tercer lugar, 
examinard el cntonio politico cii cite opeira la agricultur y, finalmentc, las cucstiones 
claves relacionadas con el comcrcio y los aliintos. 

En cuanto a las tendencias a inmis largo plazo cii la dcnallt, me gustarfa comenzar 
revisando la demanda de cereales como aliineito para el homibre. Esto es algo sobre lo 
cual son iiis detallados los conocimienlos actuales. A largo plazo, los factores b~isicos 
determinantes del eipleo de los cercales coiio alimiento par el consunioliiumano son la 
poblaci6n y los ingresos. A medida que uinicntan los ingrcsos, cii cl palr6n alimentario 
disininuye la importancia de alimcntos hkisicos coino los cereales, las raices comestibles y 
los tubdrculos, y se produce una diversificacidn cit produclos pecuarios y de otros tipos. 
Eslo sc ve clarainente al cxaminar los balances de los aliicinlos de la FAO. Las personas 
de los parses desarrollados consunien 1,000 calorias diarias ei fonma de cerealcs, 1,000 de 
productos pecuarios y 1,400 de divcrsos productos, cn pailicular el azticar y los accites 
vcgetales. Las personas de los paises cii desarrollo ingicren 1,500 caloras de los cereales 
pero s6lo 200 de los productos pecuarios y 700 de otros cullivos. Sc puede esperar un 
estancamiento o una declinaci6n gradual de la ingesta per cipita de cercalcs eii los parses 
tanto desarrollados conmo en desarrollo. Sin embargo, conlo la poblaci6n crece iigs en 
estos ditiimos paises, donde el consuilo medio de ccrcalcs es un 50% reis alto, 
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probablementc el consumo per cpita niedio mundial estani bastinte cerca de los niveles 
actuales en la mayoria de los pr6ximos 25 afios. Como se espera que la poblaci6n inundial 
auimente cn 2.2 mil milloncs de personas a rnz6n de tn 1.4% anual hasta el aflo 2015, seni 
fuerte el cstimulo para cl incrcmclnto de lademanda efectiva dc ccrcalcs como alimcnto. 

Por otra partc, existc el problcia continuo y a mcnudo angustioso dc aqucllos quc carccrn 
de los nicdios para haccr cfcctiva su dema ida de alimentos. La Quinta cncuesta inundial 
de los alimcntos, realizada por laFAO cn 1987, cncontr(6 quc cntre 355 y 495 miiloncs de 
personas estaban subaii inetadas. Las razoncs son complejas, pero sc rclacionan 
principalnicnte con un fracaso fialta acccso ao de recursos o ccono6mico los alimcntos. En 

pocas palabras, esas pcrsonias Soil demasiado pobrcs. La cantidad extra de granos 
necesaria para elcvar el constilno dc csas persoiias 1 n nivel razonablc no sCrla nluy 

grande: algunas dccenas de inilloocs de toncladas al aii) o on animcnto del 1 6 2% anual 
dc la producci6n mundial. Esto cs sup1 oniido lue cl grano extra equivalga exactamenic a 
las ncccsidadcs no satis'chas, io coal por soptcsto no es rcalista. En la pnictica, los 
mecanismos para ascgurar los a i mcios para todos inpliica nvarias mcdidas difcrentes: el 
auniento dcl cinplco cn otros scctorcs, laorientaci6n adecuada dc laasistencia y/o los 
precios bajos A1 consumidor. Dependicndo dc lanaturaleza de la inicrdcpcndcncia, las 
mcdidas podrian acttar ya sea para rccortar o para estinoular Ia deianda de las personas 
no tan pobrcs mcdiante precios nuis allos n i;is bajos. No t)bsta ntc, el rcsultado icto de 
todas estas hip6tcsis siguc sicndo titLc ladenmaida dc granos o alimentos directos muy 
probablcmcntc cootinuari cxpnidi6ndosc ei forma considerable. 

En los cerealcs, ha cxistido una teidencia a largo plazo hacia cl ma )or consuro del trigo 
y el arroz y, cn cierta inedida cl maiz, en detrimento dc los otros granos. El Irigo sigue 
sicndo coii mucho cl ccrcal predominante en los paiscs desarrollados y por si solo 
rcprcscnta dos tcrcios dcl constnmo total de ccrealcs. El a rroz contintia sicndo el grano mnis 
importantc cn los parses en dcsa rrollo, si bicn el trigo ha acoilado ladifcrcncia con 
rapidcz. Dada lagni ldiversidad de los usos dcl trigo conio alimento y su convenicilcia, 
espccialneite en las zoi as urbanas, se pucde suponcr quc csa tendcncia coiiinuari. El 
arroz es atin el grano preferido cii la mayor parte de Asia y cn rcgioncs dcl ocstc de 
Africa, cii Madagascar y varios paises dc Anirica Latina. Probabliemnte seguiri asi, 
dada laparlicul ar funci6n culinaria dcl arroz pa, eic ctial cxisten pocos sustitutos (tal vcz 

las pastas sea i la cxcepci6n). Fs inlcrcsantc obscrvar qiuc se ha manicnido la importancia 
dcl nalZ cOn(o alincito cii iuclios pai'ses, niic otras que otros ccreales se han vuelto 
nleios importanes cxccpto cii algunos paises. 

En todas parics cl emplco dc los cercalcs comio aliniento para los animalcs ha crccido con 
iieis rapidcz quc su cmplco COmo alimcnto para el consuio iiumaiino y rcprescnta una 

tercera pare de su titlimlci6n inundial, proporci6n quc scria inis alta si no fucra por las 
dcccnas dc inillones de toocladas dc sustitutos de los cercales tisadas actualmente cn la 
CEE a causa de los prccios no competitivos de los granos. La utilizaci6i de los ccreales 
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para alimentar los animales supera considCrablcn.-nc su cmpleo como alimcnt)o para el 
consumo humano Cn los paises dcsarrollados (enuna proporci6n de 5 a 2), mientras quc el 
emplco como alimcnto dcl hombre cn los parses en dcsarrollo supcra la utilizacion como 
picnso cn una proporci6n de 5 a 1,a pesar de la muy ripida cxpansidn de csta tiltima 
utilizacioLn cn los tillimos 25 afios. Dado cl actual consumo bajo de caric cn los paises en 
dcsarrollo y, en muchos casos, la cantidad limilada dc ticrras dc pastorco cil cllos, los 
prox imos 25 aios vcr;ii tin nipido crccimicnto de ladcmajmida de alimentos conccntrados 
cn los paises cn desarrollo, si bicn muchos de clios colitinr;iinbuscando fucnics locales 
altcnalivas nelis baratas para alimntar los aninialcs. En los paises dcsarrollados, cs 
probable quc dos lactores importantcs mU uyai cIL ladc manda dc ccrcalcs para pienso. En 
primer lugar, las politicas cstuin cambiando o probablcicnitc cambicn cn Europa, lo cual 
podrna Ilcvar a aumcnitos considerat ics dc la clicicncia cn la URSS y Europa Oriental, 
frcnando asi cl r;ipido crcciniclnto dcl cmplc(o de los ccrcalcs como picnso cn cstos paises. 
Por otra parte, los avarices halcia la Iilicralizaci6ii dcl comcrcio podrian rcstablcccr la 
losici6n compctitiva tic los ccrcalcs cn l CEE, cstimulando asi st cmplco cn el tercer 
mcrcado in;is grandc dcl mtndo part los granos forr jcros, si bicii cstc cfecto putedc scr 
modificado por larcducci6n dc la prolccci6n a los prodtictos pecarios. En scgundo lugar, 
el coiisinio de carne ya cs clcvado y prolallcmcnlc ya sc ha producido gran parte de la 
intensilicaci6n de haproducci6n. Taiibi6n cs niuy posiblc que el crcciente movi iento 
vcgctariano cn los paises mis ricos comicncc a rcducir ladcmanda de carne y/o provoquc 
una rcvcrsioin a los mltodos imis Iradicionalcs de cria de aniimalcs, en dclrimcnto de la 
cxplotacitin agropccutria en grai cscala. La prcocupacii6 por cl ambicntc y los sistitutos 
de la came pucdcn impulsa r imis cstc inoviminto. Es dificil comprcndcr cstos factorcs 
pcro, considcra ndolos todos, crco qtic podcmos da rpor scinlado q tic continua ri expandidndosc 
cn el futuro cl cmplco dc los ccrc:alcs como alimc nto para cl consunmo animal. 

Por supuCsto, el mafz sigue sicndo con nuclt( cl principal cercai con tlc sc alimcnta a los 
aniialcs y cin los filtimos 25 afios ha mantciiido sutporccntajc dcl 45% de la itilizacitin 
mundial de los ccrcalcs coino picnso. La ccbada ha conscrvado cl scgundo lugar (20%) y 
el t-igo ha crccido cii importancia, inicntras qtic ha dismilUido csc uso de laavcna. El el 
caso del trigo, cl anicnlo obcdccc a dos iactlorcs. En primer lugar, alginos trigos 
modcrnos dc alto rcndiinicnto hai rcstil[ado icnos adccuados para claborar cl pan de tipo 
curopco. Ei segundo Itugar, cl precio dl Itrigo ha sido inuy compeilivo, incluso iis 
barato quc el maiz, cn los mcrcados de importalci6n. El principal c fccto de los stibsidios a 
las cxporlacioncs ha rccafdo cn l Irigo y,por lo anto, enilos tiltimos afios cstc cereal ha 
estado a disposici6in de los imporladorcs a prccios rcalincntc inuy bajos. 

En consccuctncia, nos parccc quc la dcimanda itindial dc ccrcalcs, cst imulada 
principalncntc por el crccimicnto dcmogr;ifico pcro infltida por los canmbios de las 
preferencias y los ingrcsos, cointimari aunicntando cn tin 2 6 3Y anual cn los dos 
pr6ximos deccnios. Esto plantca para los cicntificos, los cncargados dc las polificas y los 
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agricultores el dcsa-fio de incremenlar la produccifin aproximada mcnte segtin la misma 
tasa (mis rfipido en los parses en desarrollo y con reiis lcntitud cn los desarrollados). En un 
inomento considcrar6 asunfos vinculados con las politicas, pcro quisicra hacer unos 
comcntafios sobrc los aspectos tccnol6gicos. 

En primer lugar, Co1lo es caCIls;I lalicrna, es importante lapioducLtividad de 6sta mcdida 
segtin el rendimiento. Au uquc Cslo sucne a perogrullada, dir6 que tn ccoiomista 
normalmentc se concentra cn la productividad bruta de todos los Lactores que initcrvienen 
en laproducci6n y no en s6lo uno de ellos. De liccho, cn muchas partcs dcl mundo dondc 
el agua constituyc el factor limilante, sc cvaltia el rndinliento de los ccrcales por unidad 
dc agua uti lizada. Ahora bien, lacant idad de tierra dcdicada a los ccrcalcs no se ha 
cxpandido cn forma significativa cn los tres tiltimos dcccnios. En los 60 y los 70 sc clev6 
en un porccnltajc de s6lo cl 0.6% antal v cn los 80 en realidad disminu .6, principalmenlc 
a causa dc las lierras rctirndas de laproduccion cn varios paiscs desarrollados debido a los 
programais gulhernamientldes quc fomcntin ia reduccifin dcl cultivo y a la influencia de los 
prccios mis hajos. Sin embargo, arn cn los paises en desarrollo la tasa de incremento de la 
supcrficie cullivada ha hajado dcl 1.2,(' aiual cn los 60 a 0.4%;' annal en los 70 y los 80. Si 
bien lodos sabeinos clue todavia hay extensioics quic podrian scr cxplol;;das, csas 
extensioucs son algo limitadas. Tiamibif soii rcducidas las posibilidades de incrementar el 
cultivo doble c irrigar zonas nuevas. 

Por consiguicile, los recdimicitos por hcctirca scnin lai uente dc crecimiento en el 
futuro, como lo l'ueron cin los fillinios deccnios. No obsIa Ie, coilo ios advierten Un 
i,formc tras ofro, los aunnilos dcl reildimiciito sC viclVeii mfis dificilcs dc alcanzar a 
medida quc se agotan las opciones imis f1iciles. Algtmas estadisticas generalcs ilustran esle 
punto. En los 60, los recdimicntos mt idiales de los cercales se clcvaron cn un 3% al afio, 
mient rs quc cn los70 y los 80 cse porcenlaje ha disminuido a menos dcl 2%. 
Probablcmcntc ladceclinacioin hubicra sido inis marcada si no I'ucpor el abandono dcl 
cultivo de deccnas de millones de hcctfireas de escasa productividad en Am6rica del Noitc 
dcsde mediados de los 80.De heclio, en lo; paiscs en desarrollo donde el CIMMYT ha 
hecho su mayor cointribuci6n, el crecimicnlo dcl rendimienlo la caido del 2.8% anual en 
los 60 y los 70 al 2% cn c!filtinio dcccnio. Los aumcntos de los rcndimicntos en los paises 
en desarrollo se hain reducido cn cl frigo, cl arroz, cl maiz y otros granos gruesos, lo cual 
destaca los desa fios quc afronta cl CIMMYT. 

En scgundo luga r, confit.iuanri cieciecdo la inmportancia de los problemas ambicntalcs, que 
requerinin algtmos amilisis en extreio complejos. Grai parte de nuestro progreso 
cientifico se ha logrado aislando tn problcma por vcz y "resolviciidolo" a menudo con 
resultados brillantes, pcro con frecuencia este m6todo genera wievosproblemas. Si bicn se 
han llevado a caho trabajos sobre sistemas compltos-por c.jcmplo, ha investigaci6n dcl 
CIMMYT sobre los sistemas de producci6n de ma .cn el estc de Africa-pienso que 
podemos dccir quc este trabajo (1) es inucho iiiis dificil tuie el anfilisis parcial y (2) ain 
no da los rcsultados esperados. Ciertaieinte, larevoluciin en el campo de la infonnaci6n 
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ha facilitado mucho la comprensi6n de los sistemas complcjos, pero una cosa Cs 
comprcndcr y otra hacer algo con respecto al problema. La agricultura sustcntable exigirni 
efectuar investigaciones sobrc los suclos, el manejo integrado de las plagas, la cncrgia 
rural, hi utiliza,;ii del agua, ]a biodiversidad y las relacioncs socioccon6micas. Y aun 
cuando se complete lh i livestigaci6n, seri preciso considerar cu idadosamcile las 
prcferencias sociales, li equidad, la paridad intergeneracional, .,c. 

Enitercer lugar, la cucsti6n de la clicicncia econ6mica continuari ocupando un lugar 
de;tacado. El crecimiento de la producci6n comercial, la mayor intcgraci6n de los 
agricultores en los sistemas de meicado y la crecicntc presi6n en favor de sistemas 
ecomficos orientados a los mercados 1plicariin quc man tenr bajos los coslos para los 
agricullores tendri urIa importancia cada vez mayor. La altcrnativa para contrarrcstar los
 
aumenlos de los costos cs proporciolar subsidios y todos sabeios qLUc los contribuyentes
 
o los donaites se resisten a los subsidios gulerrianicntalcs. Esta es una formidablc 
considcraci6o mis tic dcbe I eher en cuenta los invcstigadores, y quizis sea pedirlcs
 
dcinasiado. Dcspu6s dc todo, unla t6cnica .lueva puede scr no econ6mica cn 
tina situaci6n
 
dada, pero Oilil en otra parte ocn otro fiioiiiento.
 

iCuliles son entonces las perspeclivas de la producci6n de cercales? Bien, despus de 
liaber sido algo pesimista, pienso quc Cs mc jor decir quc l mayoda de nuest ros estudios a 
mediano plazo indican quo cxistc la capacidad tic producir cercalcs para satisfaccr un 
aUmenlo de ia dema tida del 2 6 3 ' annal , si hicii con cierto riCsgo para el anmbiente. Otros 
cstudios hian examinado esas lasas dc crccimicnto y han Ilcgado a conclusiones algo 
similars. En el caso de los parses en dcsarrollo, nucstro propio estud o, AT 2000, indic6 
title Ia producci6n de cereales se incrcmentarna en alrededor del 2. 6 17 anual. El Instituto 
Internacionall de Invcstigaciones sobrc Polificis Alinientarias (IFPRI) obtuvo uia cifra dcl 
2.9%', y el Consejo Internacional .lcl Trigo, del 2.4(;(. El Banco Mundial ha proyectado Cl 
crecimiento en los parses en desarrolloIhasta c! afno 2005 segtii una tasa del 2 al 2.4%. Las 
proyccciones de la producci6tn mundial de cureales por Ia general son iis bajas que esas 
cif[ras, principalnecnie porquc se picnsa tlue Ialproducci6n cn los paises desarrollados 
tendeni a ser restringida pon la exigencia de crecer imis Icntainente dc lo tueIcpermitiria su 
c;qpa cidad de producci6n. Sin embargo, no luengo dudas de que no pueden disminuir los 
esfuerzos por producir m;is alinicntos, espcciahmente cn los paises el desarrollo, y de 
acortar la difercncia entrc los rendiiic lntos de los agricultores y los obtcnidos cn las 
estaciones cxpcrinlentales. Esta neccsidad podria scr acentuada por algunos de los 
acontecimienfos polfticos en el futuro, los cuales paso ahora a exam ia r. 

La evoluci6n de la polftica internacional en los titimos afos ha sido pa rticularmente 
nipida y trascendente. Los cambios en Europa Oriental y h;i URSS SC Lueitan entre los 
mis notables, pero, para l econoinua mundial dc los ccreales, probablemente scan 
asimisio importantes el movinmiento gener l haciai una mayor orienlitaci6n a los mercados 
en las politicas de los paises cn desarrollo y los enonnes cslucrzos por refornuat la 
agricultura en li Ronda Uruguay de las Negociaciones Multilateralcs sobre el Comcrcio. 
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Es probable que I,. fectos de los cambios en la estructura politica y econ6mica total de 
los paises del estc de Europa y la URSS tarden muchos afios en complctarse. El 
establecimiento de institucioncs, los problemas de la propiedad de la ticr;a y los m6todos 
de manejo son cuestiones que requcririn tal vez muchos afios para evolucionar. Por 
supuesto, no es seguro que csos parses adopten un sistcmia similar, digamos, al de Europa 
Occidental. No otstante, podcmos decir que cs probable que csos pafscs sc bascn mucho 
mis en la propiedad privada y en los precios lcxiblcs para compcnsar los mcrcados, y 
menos en la planificacion y la compensaci6n de las cantidadcs, proccsos que suclen scr 
lentos e inflexibles. La mayor sustentaci6o en la compensaci61 de los precios y el vinculo 
neis estrecho con los mercados mundiales con cl ticmpo harin que los patrones dc la 
producci6n y cl consumo se ascmcjcn imis a los de Europa Occidcntal. Esto apunta a un 
uenor COlSUlnO de granos (espccialc;ite cn el sector de los alimlentos para consulmu 
animal, que es notoriamente inc !icinte en esos paises) y a cierto aumento de la 
productividad agricola tie, por consiguienil', darin como resultado una situaci6n de los 
cereales me;is equilibrada que la actual. Sin embargo, cl clima seguini siendo una fuente de 
coasiderables liuctuaciones en las coscchas, por lo menos en la URSS. 

Aiu se est.i cfectuando l Ronda Uruguay y nadie puedc estar seguro de que tcndrsi 6xito. 
Ciertainente, si Ia Ronda Uruguay no logra incluh la agricultura en la tendencia general de 
las actividades econ61nicas, podrian producirsc varios afios de agresivos conflictos 
comerciales, subsidios a las exportacioncs y protecci6n continua de la agricultura. No 
obstante, aun si fracasa la Ronda Uruguay, lo cual todos lanitarfiamlos, parece existir una 
fuerte corriente a favor de la reduccidn de Ia protccci6n agricola. De hechio, muchos 
paises avanzan en fonna unilateral hacia una agricultura menos protegida: Nueva 
Zelandia, Australia y Succia son ejcmplos recientes. En segundo lugar, existe un 
movimiento intclcctua. contra el emplco de politicas gencrales como las de precios para 
lograr todos los ohjctivos. Esti cn hoga la orientacion a un objctivo espccifico, no s6lo en 
el consulno sino ainbhi6n cl il producci6n, por ejcmplo i,;ediante el desacopla miento de 
las subiencioncs a los ingresos. En tcrccr lugar, se reconocen cada vez inas los costos del 
proteccionismo, en particular lo que sc llama las p6rdidas brutas pero tanbi.in los costos 
de presupuesto y los costos para los consumidores y la industria originados por los precios 
nmis altos de los alimentos. Supongamos cntonces que en los pr6xilnos 20 aflos el 
comercio agricola mundial sc vlver i meis abierto, iabrni mcnos. protecci6u y serAi menos 
frecuente recurrir a los subsidios a las cxportaciones. iQu6 implicara esto para la 
economia mundial de los cereales? Sc ban hecho muchos estudios sobre este teia y, a 
pesar de que no todos concuerdan, hay cierlos puntos sobre los cuales casi se ha Ilegado a 
un consenso. Si L. reducci6n de la proteccidn es grande y se concentra en los pa.es 
industrializados, se puede esperar que en varios de esos paises se contraci la producci6n 
mientr. 'uC se estinlulari la deimanda en aquellos paises donde actualinente son elevados 
los precios :a productor y al consumidor. Como resultado, se expandii el coinercio 
mundial y los precios internacionales senin mis altos y posiblemente mais estables que en 
el presente. 
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Esta situaci6n podra bcneficiar a los parses productores mnis eficicntes, cuyas 
exporlaciones se clcvarian y cuyos ingresos ruralcs se incrcmentarian. No obstante, 
simultineamCnte scrfan afectados los paises importadorcs heos dc alimentos, cuyos gastos 
cn impc .taciones crcccrian. Para los neis pobrci, esta situaci6n scria pcnosa ya quc, 
obviamentc, dcbcai comprar afimcntos. En consecuencia, las implicacioncs dcl libre 
coircrcio mundial podrian ser dificilcs par: los paises pobres y aprcmiados por el pago de 
sus dcudas extcrnas. Si obtienen sulicientcs aumentos cn otros scctores, es posible que 
pudicran pagar sus mayorcs gastos cn alimentos; per, si el primer cargo Cn sus mayores 
ganancias por exportaciones es la amortizaci6n de la dcuda, dntonccs su."ciriii las personas 
mis pobrcs de esos paises. Otra consecuencia de un comcrcio inundial ireis libre seria ]a 
menor funci6n de los gobicnios cn la posesidn de existencias. LI- mayor partc de los
 
cxccdcntcs acuinulados 
en el pasado han sido el rcsultado de la intcrvcnci6n
 
gubcrnamcntal inediante la compra para sostcncr los prccios agrfcolas. 
 _.sos cxccdentes,
 
no requcridos por el mcrcado, cumplicron la ftminci6n dc anioniguador o malla de
 
seguridad contra las disminucioncs dc la producci6n. Es entonccs evidcnte que seri
 
necesaria cierta funci6n residual de la poscsiin cstatal de cxistencias, prefCriblemente
 
dcntro de un marco inteniacional, si sc dcsca prcporcionar una estabilidad razonable al
 
suministro de alinicnt.)s. En realidad, yo dirna que, cn un movirnicnto hacia un inercado
 
mundial ireis libre, tcndnrin c:ue claborarse politicas para protegcr la seguridad alimentaria 
bisica. Por cjcmplo, en los pa;scs cn desarrollo cl avance hacia un vfiiculo imis cstrecho 
de sus sectores ccrcalcros con los mercados mundialcs proballemcntc scria incompatible
 
con una adhcsi6n firme a la autosulicicncia alimntaria, quc sicnipre ha sido uno de los
 
objetivos bisicos de la mayoria de los paiscs cn dcsarrollo y que sin duda ha contribuido a 
impilsar los grandes csficrzos rcalizmidos (y en algunos casos el 6xito logrado) en los 
tiltinos 30 afios para aunentar la producci6n de alimentos. Aquf no me rcfiero 
simplemente ;. si sc pcrmitir;in los Ilamnados "intcrcscs no conierciales" en e; acucrdo dc la 
Ronda Uruguay, sino a la cuesti6n inmis amplia dc coin estrcchamentc las politicas 
alimcntarias bisicas se vinculariii con el moviinicnlo general haci, la orier1,aci6n a los
 
mercados cii los pafses cn dcsarrollo.
 

Tampoco Csta cu ',:i basica se refiere s6lo a Ia politica de seguridad alimentaria; cxiste 
un problema similar en las politicas de desarrollo sustentable y de conscrvaci6n dcl 
ambicnte, j, En qu6 inedida el movi miento hacia una poliica econ6mica orientada a los 
mcrcados intcrferiri cn la crcaci6n de politicas adecuadas para foimentar el dcsarrollo 
sostenible y mejorar el ambiente? Como econiomistas, estanios acostumbrados a examinar 
las economias o deseconomfas exiernas y los bienes piiblicos en cl contexto nacional, pero 
se neccesitarj mnucho mis para cstablccer un marco politico intemacional. Supongo quc se 
lograri un progrcso cn esta irca y quc tendnii repercusioncs en la producci6n de alimcntos 
bisicos. La btisqucda de la seguiidad alimentaria, cl desarrollo sostenible y un ambiente 
mis propicio puede exigir modificaciones dc un rdginicn de comcrcio rmis liberalizado. 
Las investigaciones pueden desempefiar una fonci6n importante al anipliar nuestras 
opciones polfticas y tal vez rcducir los conflictos entre los objctivos. LA)s avances que, sin 
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elevar los costos, inejoren el anbicnte y tcngan un efecto favorable part la equidad, 
contribuinin a obviar la necesidad de introducir rcglamcntacioncs y gravi inenes Lspeciales 

que protejen el ambiencle pero pueden obstaculizar el comncrcio. 

Este Oftiio colnentario ie Ileva a las perspcctivas a largo plazo del comcrcio. Las 
demandas cn continuo aumento de los ccrcalcs, la variable capacidad de la producci6n de 

rcspondcr a las demandas, un sistcnia de comcrcio iris libcralizado y las crccientcs 

expectativas cn cuanto al nicdio ambienilc, la scgurii'ad alinientaria y cl desarrollo 
sustentablc, implican quc el comcrcio continuari sicndo una preocupaci6n fundamental 

para quics formulan las politicas. Nuestra opini6n siguc sicndo que cs probable quc los 
paises desarrollados scan provcedorcs netos dcl mcrcado mundial, aunquc, si la Ronda 

Uruguay tienc 6xito, el crccimiento de las exportaciones por los productorcs a altos costos 

en las regioncs desarrolladas disininuini o sc rcvcrtiri y I.-s productores a bajos costos 

expandinin sus vcntas. A ellos sc unirin varios paiscs en desarrollo quc soI exportadorcs 
de alimentos. Sin embargo, cs probablc quc la mayoria dc los parses cn desarrollo 

contintien importando granos, io s6lo para satisfacer la,; necesidades dc alimentos bisicos 
de sus poblacioncs sino taibi6n pant responder a la crccicntc demanda de productos 
pecuarios y, por lo tal o, de alinmcntos para los aniialcs. Es probable que los 

antleriormente pafises de planificaci611 ccnt, livada logrcn un mejor balance en sus sectores 
cereateros. Globalncte, cl comcrcio dc granos continuari increincitindose enl los 

pr6ximos dos dcccnios, pero quizais con un ritno ligerainente imis lento que en el pasado. 

Naturalinente, eslas tcndcncias podrian modificarsc si surgicra alguna amcnama amplia a 

la producci6n d alivientos, coio los fc,'2ts dcl ca lentamicnio dcl globo, si bien en la 

actualidad no sc espera quc se produzca tun cfcto de ese tipo en este periodo. 

Para terminar, me gustaria agrupar todas cstas cucstiones y sEcar algunas conclusiones 
sobre lo quc a ustcdcs Ics inicresa. En primer lugar, la invcstigaci6n agricola internacional 

continuani siendo un componente vital en Ia lucha para alcanzai cl desarrollo sustentable, 

especialnente por la funcidin dcsempcfada por ccntros como el CIMMYT en apoyo de los 

numerosos institutos nacionalcs dc invcstigacidn pcquefios y vulnerablcs. En segundo 

lugar, es probable que sc incremcntc considcrablemenic la demanda de granos en los 

pr6ximos 25 afios, como alimento tanto dcl hombre como de los aniniales. La mayor parte 
del crecimiento sc produciri en los pafses en desarrollo, que nccesitanin Intransferencia 

de tecnologia adccuada conio la proporcionada por cl CIMMYT. Por 6ltiio, se hace cada 
vcz mis hincapid en probleinas tales como cl amnbicntc, la seguridad alimentaria, la 

eficiencia econ61mica y cl dcsarrollo suslentable, que requieren en gran inedida sistemas 

multidisciplinarios con conocimientos niuy avanzados. Es probable quc esa investigaci6n 
sea costosa y diffcil y, para leter 6xito, necesita un fucre componente internacional en el 
cual el CIMMYT pucde y debe desempefiar su importante funci6n. 

En nombre del Director General de la Organizaci6n de las Naciones Unidas para la 

Agricultura y la Aliientaci6n, desco fclicilar al CIMMYT por sus nuinerosos logros 

significati ,os en sus pfimeros 25 ahios y dcscarle un futuro fructifero y prolongado. 
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RESPUESTAS 

SliAcIO CIIZAIRO LOAIZA 

Diia.cioiz DI PIO';-RxNS m- Di sAxROi.i.O 
I1 NACIONAI. FINANCIFRA (NAFINSA),
Ml-xl('o 

El tcnia que trala cl Sr. Perkins en su ponencia cs por dcmis relcvante, especialhnene 
ahora que nos cncontramos cn visperas dcl siglo XXI y en una d6cada cl a quc estamos 
sicndo tcstigos de cambios profundos en las socicdadcs dcl mundo, particularmcnle en las
 
dcnominadas dcl "bloque socialisla". Existc tiMa tcndcncia a sustituir el concepto de la
 
vCnlaja comparativa por cl de ventaia compctitiva en quc la posicion de las naciones ya no
 
se tasa solanienle cn a dolaciin dc r'curSos naturalcs sino en cl desarrollo Iccnol6gico, la 
inlorimitica y li calidad dc los rccuros humanos. La fbrmaci611 de bloques econ6micos 
parecc ser una cidencia irreversible. En esle contcxh) se ubican las Ilamadas naciones 
desarrolladas y las naciones menos desarrolladas. 

Denim de los amilisis seclorialcs, la econonfa ccrcalicola continria teniendo un pcso 
especifico a nivel mundial. Muchos son los estutdios y analisis que sobrc el terna se han 
realizado. Las proyeccioncs dcl comercio cerca licola se hasan generalmenlc en dos aspectos: 

" La proyecci6n d la disponibilidad para laL-xportlaci6n, o sea, el rcsiduo entre la 
producci6n don~stica y cl Consumo inferno, y 

* La proyecci6n dc la demanda de las exporlacioncs, basada en ciertos supuesbos sobre 
politicas, producci6n y demanda cn pafses imporladores y exportadores. 

El primero es el aspecto inis frecuenremenic utilizado por la FAO, aunque en la ponencia 
que nos ocupa se aprecia que se empieza a utilizar tarnhici; el segundo. 

El Sr. Perkins nos presenta en aprelada shntesis lo quc ha ocurrido en los tillimos 25 afios 
con Ia situaci6n mundial dc los cereales. Quiz;i convenga destacar que aunque hubo bajas 
impresionantes en los inventarios de los cerealcs enirc 1960-61 y 1)64-65 (alrededor de 
150 millones de toncadas n161ricas), 6slos bajaron au n ias en cl periodo 1973-74 durantc 
la crisis energ6tica. Posteriormcec, se rccuperaron a nivclcs de alrcdedor de los 220 
millones dc toneladas mtricas en el periodo 1982-85 (Paulino 1988). El comportarniento 
de los precios niostr6 una ligera correlaci6n cn este periodo pues alcanamron altos niveles; 
sin embargo, Ia tendencia ha sido a la baja durante los tiltimos afios, como se ilustra en el 
cuadro 1. 
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Quisiera ahora pasar a comentar los cuatro temas en que el Sr. Perkins centra su ponencia, 
la cual sc basa en Agriculture towards 2000. Como lo menciona alinadamente, las 
conjeturas son "en gran mcdida especulativas, pucs cxistc un alto grado de incertidumbrc 
rcspecto a ellas". 

Sobre el tema de la demanda de alimentos, tanto para I uso dirccto come para el consumo 
animal, es innegable que un aumcnto acclcrado en cl ingrcso dispolnible de los paises cn 
desarrollo tiraei como consecuencia un ripido crccimiento en las imnpoilacioncs netas dc 
ccrcales. Los escenarios contemplados en cl modelo utilizado asi lo consideran. Mcnciona 
el Sr. Perkins que si los muy pobres tuvieran acccso a los ccrcales, e!"volumcn adicional 
requerido para que esta gente alcanzmra niveles razonablcs dc consumo no scria ireis de 
unas decenas de milloncs de toneladas por afio, es decir, 1 6 2% iris de producci6n 
global". Serfia aconscjable niencionar que si se mcjoraran las tccnologfas de poscosecha y 
de comercializacion en general, los alhorros que con ellas se obtendrian compensarnan en 
parte la nccesidad de aumentar laproducci6n. 

Los comentarios se podrian alargar por la divcrsidad de tcmas que se considcran: entre 
ellos, cambios en el chtomo politico, problemas de equidad, seguridad alimcntaria y 
medio anibiente. Centrar6 mis comentarios en el segundo punto quc cl Sr. Perkins aborda: 
la produccidn. Una ripida mirada a las lasas de crecimicnto del sector primario nos sirven 
de refercncia al cuadro 2 dc csta ponencia. Cilar6 a Paulino (1988): "En cl periodo 1961­
80, alrededor dcl 90% del crecimiento dc laproducci6n en los parses dcsarrollados se 
deben al incremncto en rendi nientos unitarios y s6lo cl I 0% a los aumentos en superficie; 
en contraste, en los paises en desarrollo esa proporci6n fue de 65 a 35%, respectivamente. 

Cuadro 1. Indice de precios mundiales de cereales, 1961-1985 (1977-79 = 100). 

Indice de Indice de Indice de Indice de 
Afio precios' Afio preclosa Afio precios' Afio precios' 

1961 128 1966 156 1975 148 1982 88 
1962 143 1968 153 1976 119 1983 98 
1963 143 1970 126 1977 101 1984 95 b 
1964 138 1971 112 1978 103 1985 85 
1965 135 1972 109 1979 97 
1966 144 1973 187 1980 107 
1967 150 1974 216 1981 119 

a Calculado en precios en d6lares constantes, incluyc arroz, trigo, fiaiz y sorgo. 

bDatos preliminares. 

Fuente: Mcllor y Raisuddin (1988). 
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Sin embargo, los pafses en desarrollo inostraron un incremento en rcndimiento del 50% cn
 
el pcriodo 1961-70 y del 70% en 1971-80. Se cspcra quc esta cvoluci6n continte".
 
Reynolds (1986) destaca cl crccimiento dc laproducci6n agricola en cinco paises que
 
aparecen a cuadro 2.
 

i.C6mo se pueden caracterizar estos pi'ises con ailtocoinportamiento? Vernon Ruttan en 
,us conienianos dice: cxcepto por Corca, todos los parses quc han alcanzado alias tasas de 
crccimicnto durante dos o Ires periodos, sc caracterizn por un patr6n extensivo de 
dcsarrollo agricola basado en una alta cxpansi6n de lasupcrficie cultivada. Tailandia y 
Malasia, duranic el tilino periodo, canmbiaron un desarrollo extenso por uno intenso 
basado cn variedades de alto rendinmicnto y cl uso intciiso de insumos. 

Las csiadisticas quc sobre laproduclividad nos prcsenia eiSr. Perkins son alarniantes y, 
conio accrtadame nnos dice, presentan un rco para el ClNINIYT y para los paises en 
desarrollo. Li invcstigaci6n continua siendo un conponenie vital, asi conio la 
iransfcrcncia de tccnologia. Los paises en dcsarrollo icndrin quc poncr inis atcnci6n cn 
sus polfticas de educaci6n, investigaci6n y extensi6n, si bicn estas no son las tinicas 
variables quc explican cl dcs:rrollo dcl sceclor agricola. Li apropiaci6n de recursos ­
cscasos por cicrlo- para cstos fincs es priorilaria. La coopcraci6n internacional que se da a 
traiv6s dcl Grupo Consultivo sobre laInvcstigaci6n Agricola Internacional y de la "'.ial cl 
CIMMY17 rccibe apoyo, cs un cjemnplo quc sc dcbe multiplicar. Segtin las cifras de 1983, 
ci prcsupucsto dc apoyo a i3centros internacioijales de investigaci6n fu- del orden de 176 
millones de d61ares. Desconozco cufil sea el monio para 1990, pCro supongo-y seria lo 
deseahle-lue ha auimentado considcrablenienic. 

Finalnienic, quisiera felicitar al Sr. Perkins por su excclente trabajo y a los Dircctivos del 
CIMMYT con molivo de su 25o Aniversario. 

Cuadro 2. '1asas de crecinhiento anual (%) de la produccien agricola en cinco paises: 
1952/54-1979/81. 

i952/54- 195/61- 1969/71- 1952/54­
1959/61 1969/71 1979/81 1979/81
 

Corea del Sur 5.4 3.2 4.2 4.4 
Tailandia 4.5 5.i5.1 4.8 
Malasia 3.0 5.6 4.8 4.4 
Mexico 5.0 3.54.5 4.1 
Venezuela 4.5 5.3 3.8 4.4 

Fuente: Reynolds (1986).
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MICIIAF-. L. Momuus
 

ECONONISA t.:i CIMMYT
 

Gracias por su excelente y concisa exposici6n sobre los acontccimientos proycctados en la 
cconotnfa mundial dc los cercales a mediano y largo plazo. La mayoria de las personas no 

aprccian !a ingentc labor rcali;itda por ha FAO en cuanto) a la recopilacion y amilisis de 
estadticas de producci6n a nivel mundial. 

El CIMMYT dcpcnde en gran medida dc las cstadislicas de la FAO para seguir los 
aconltecimientos producidos en la economia mundial de los cercalcs, sobre todo las 
economias dcl trigo y del tnafz. El CIMMYT emplca las estadisticas a macronivcl 

principalnente de dos maneras: 

" 	Para informar a los investigadores y los encargados de formular las politicas accrca 
de las tendencias de la economia mundial de los cercales (publicadas en la scric 
Hechos y tcndencias mundiales). 

" 	Para informar a los planificadores de la invcstigaci6n dcl CIMMYT. 

Me gustaria ampliar un poco cl amilisis presentado por el Dr. Perkins respecto a los 
siguientes puntos: 

" 	 Referencia especilica a la demanda proyectada de maiz y trigo (los cultivos mis 
importantes para el CIMMYT) en los paises menos desarrollados. 

" 	 Explicaci6n detallada de lo que esto significa part el CINMYT. 

Como seial6 el Dr. Perkins, los illimos 25 afios se han caracterizado por un importante 
crecimiento de la producci6n y dcl consumo de cereales en los paises menos 
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desarrollados, aunque el segundo ha ':recidc con mayor rapidez que la primera, lo cual ha 
dado por resultado una mayor depcndcncia de las imporlaciones. Estos hechos describen 
con cxactitud lo quc ha sucedido cii las cconcmias dcl maiz y el trigo a nivcl mundial. Me 
guslarfa agrcgar que en la actualidad el nivcl de imporlaciones de trigo cii los paises 
mcnos desarrollados es mucho inis clcvado qLc cI nivcl dc las importacioncs dc mafiz, 
aunquc 6stas tiltlimas se cstln cmparejando con) suina rapidcz. 

Si biCn no sc pucdc prcdccir el fifuro sin ciCrto riCsgo, cn cl CIMMYT tratamos 
peri6dicamcniec dc proycctar el c rcciniento dc la dcmanda de maiz y trigo ci los paises 
mcnos desarrollados como parte dc nucstra planificacion cstratcgica normal. El objetive 
consistc cii prever los cambios cuc se producirin en los patrones globales de producci6n y 
COtIStLI1OO, ell cspccial cn los paises icnos desarrollados, lo cual puede ayudanios a d,'cidir 
c61no distribuir mcjor nucstros limilados rccursos de mantra quc nucstras actividadcs de 
investigaci6n produZcan cl imiximo Iencicio a largo plazo. 

Segtin los dalos inmis recientes sobre cl crccimiento cstimado de la poblaci6i y cl ingrcso y 
cmpleando supuestos conscrvadorcs sobre las clasticidades-ingreso de la demanda en el 
caso de estos dos cerealcs, hemos proyectado que cl crccimicnt; .c la demanda de inaiz y 
trigo cn los paises menos desarrollados sc, i un poco mayor quc la cifra total acumulada dc 
2-3'Z anual quC mencion6 cl Dr. Perkins. 

De man cra cspccilica, cstinmamos quc la demanda de Irigo en los paises mcnos 
dcsarrollados crcccri a un iidicc dc alredcedor de 3-3.5% anual. La mayor parle dcl 
crccimicnto en la dcmanda de trigo sc conccnlrani en Asia, dondc se espera un clevado 
crecimiento de la poblaci6n y dcl ingreso. Por el contrario, cl crecimiento de la dernanda 
de trigo se dendri cn Ami6rica Latina y disminouir, in Africa, en gran medida como 
rcsullado dc las rcfonnas dc las polticas cncaminadas a reducir el consumo de trigo. 

Estima1os quc la dcmanda dc mafz cn los paiscs ienos dcsarrollados aumcntari a un 
indice dc alrcdcdur dcl 4-4.5% anual. Lis fuentes dcl crecimicnto dc la dcmanda de maiz 
varianin de una rcgi6n a otra. Eu Asia, cl crcciiniclto del ingreso gcncrani un ripido 
incremento c: la dcmanda de mafz para la alimeiitaci6ii animal, cn tanto quc cii Africa el 
crecimicnio de la poblaci6n producirni un ripido crecim iento de la demanda dc maiz para 
la alimentaci6n hunana. Am6rica Latina se encontrnir cn uni posici6n intennedia, pcro 
liabri un crecimiento sostcnido importantc en la dcmanda de maifz para alimcntaci6ni 
humana en Anu6rica Central. 

Estas proycccioncs de la distribuci6n gcognifica dcl futuro crccnlicnto de la demanda, asf 
conio del tipo de demanda (alimentaci6ii humana o alimcntaci6n animal), afectan la 
asignaci6n de rccursos de invcstigaci6n dcntro dcl CIMMYT. Por cjcmplo, las cifras 
proycctadas de la demanda quc acabo de citar, Imis nuestro conocimicnto de d6ndc viver 
las personas mis pobrcs, nos dan cicrtas pautas sohrc d6ndc deben concentrarse nucstras 
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actividades futuras de investigaci6n. Es iniportante que el CIMMYT dirija su atenci6n a 
satisfacer ]a futura demanda de trigo ei Asia (en especial en el Sur de Asia) y la demanda 
proyectada de maz pam alinientaci6n huniana del Africa al Sur del Sahara y de An6rica 
Latina (sobre todo de Am6rica Central). 

Ademis, las cifras de la demanda proycctada nos indican el tipo de invcstigaci6n que se 
requcriri en los diferentes ambientes de producci6n. En los pafses dondc la cxpansi6n de 
ia superficie scinbrada con maiz y trigo sc ha detcnido, los aumentos futuros de la 
producci6n sc derivarnin sobrc (odo de mayorcs rcndimientos y la mayor intcnsidad del 
cultivo. El CIMMYT y los programinas iaionalcs con los quc colaborarnos tcndr,in que 
crear tccnologfas quc hagan posible obt-ncr y mantcner rendiiientos mnis altos y una 
mayor intensidad de cvAivo sin la aplicaci6n cada vcz mayor de insumos adquiridos y sin 
provocar la dcgradaci6n a largo plazo dcl ambicntc. 

En los paiscs dondc todavia cs posiblc extender la supcrficic sembrada con maiz y trigo, la 
expansi6n tcnd ni lugar en anibicincs marginales dondc antes no se cultivaban cstos 
cereales. En este caso, el CIMMYT y los programas nacionales con los que colaborainos 
deben crear variedadcs adaptadas a una gaina imis amplia de condiciones agroclimnAticas, 
asf como prActicas de ianejo apropiadas desdc cl punto de vista ccon6mico que pennitan 
mitigar o superar los factorcs advcrsos presentcs cn los amnbicncs marginales sin dailar 
ecosistcmas que son a menudo suniaincnte frigilcs. 

Pam concluir, desearfa agradccer una vcz ineis al Dr. Perkins sus accriadas observaciones 
sobre los cambios esperados en la econoinfa de los cerealcs a nivel mundial y subrayar la 
utilidad de las estadfsticas producidas por la FAO. Los organismos dedicados a la 
investigaci6n coino el CIMMYT hacen un aiplio uso de cstas estadfsticas para rastrear las 
tendencias pasadas de producci6n y consumo, asi como para anticipar los aconmeciiientos 
quc se producinin en la economia de los ccrcalcs a nivcl mundial. Las proyccciones de ha 
oferta y la dcmanda quc sc rcallizan sobrc la base de 1,!s cstadisticas de la FAO se 
consideran una valiosa hcrramicnta para la Ioma dc decisiones que ayuda a los 
adininistradores a canalizar el flujo cada vcz imnis limiiitado de rccursos hacia sus usos mAs 
productivos. 
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OBSERVACIONES FINALES 

DONALD L. WINKEI.MANN 
Di l--CIrOIGFNFRAI., CIMIYT 

Agradecerfa que mc concedieran unos cuantos minutos 
para resunmir los femas que sc tralaron boy y para hacer 
algunas observaciones sobre el futuro del CIMMYT. 

Como l) mencion6 Sir Ralph Riley esta mafiana, un 
aniversario nos presenta una bucna oportunidad para mirar 
hacia cl futuro y fanihi,'.. liacia el pasado. Mc gustarfa 
mirar en primer ',,gai hacia el pasado a fin dc subrayar 11una 
vez imis algunos de los conientarios que escucharon esta 
mafiana sobre temas que se reficrcn al pasado dcl 
CIMMYT y quc se tratan con mayor dctalle en nucstra 
nucva publicaci6n, "Discfios perdurable, para el cambio". 

Medida desde cualquier punto de vista, la instifuci6n ha 
aicanz do dxilos cspectaculares. El 8017( dcl trigo cultivado 
en los parses en dcsarrollo, con exccpcion de China, 
proccdc de materiales relacionados con la labor del 
CIMMYT, lo cual constituye tn logro Iom idable. 
A-sinismo, uria porci6n cada vcz mayor dcl maiz quc se 
cultiva en los parses en desarrollo se relaciona con nuestra 
labor. Ccrca de 4,000 personas han participado en nuestros 
programas de capacitaci6n, y los egrcsados de dichos 
cursos, que en la actualidad forman una red mundial de 
investigadures agrfcolas, h.ii llevado de vuelta a sus 
respectivos paises los principios que sirven de base a la 
labor del CIMMYT: praginatismo, imparcialidad, trabajo 
en el campo con las plantas y atenci6n minuciosa a las 
necesidades de los agricultores. Hacemos un csfuerzo 
concertado para transmitir estas aclitudes a las personas 
que viencin ai Centr a participar en nucstros cursos. 

Varios de los arquitectos de estos logros, que csluvieron 
aquf cuando se fund6 el CIMMYT, sc cncuentran hoy con 
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nosotros: Nonnan Borlaug, Elmcr Jolnsoi, Bob Oslcr, Ed Wcllhauscs y Frank Zillinsky. 

Estas personas dicron a la instituci6n su primer impulso y basados cn su visi6n avanniios 

hacia el futuro. 

Me gustaria decir algunas palabras sobre las prcscntaciones quc sc hicicron esta maifana, 

tant s6lo a mancr dc rcvisi6n y rcconocimicnto. Un mensaje quc sc hizo evidentc, 

coinenzando esta inafiana con los coincntarios del Subsecretario Enriqucz Rubio, es cl 

efecto quc ticnc el cambio. Somos tcstigos dc cambios ci la politica dcl mundo, de 

cambios cn iaecononifa y de cambios cn la ciencia. Nuestra publicaci6n "Disefios 

pcrdurablcs para el cambio" sc inicia con una obscrvaci6n de lericlito quc dice quc 

"Nada pcrnianccc sino cl cambio". 

Otro tema recurrcnlc cn todo Io que cscuchamos hoy cs la intcraccien quc existc entre la 

productividad por un lado y !a protccci6n dcl medio anmbicnte por el otro. Al accptar cl 

compromiso de proteger el anibicntc al misino ticmpo quc increnientamos la 

productividad agrfcola, dcbcmos dependcr de act ividades basadas imis quc nunca en los 

conocimientos, ta nio de la ciencia como dcl campo. En icrccr lugar, los tmnas que 

Collforlia 0ll Ci progranma de hoy, cicncia, medio ambicnie y incrcados, sc encucitran 

entrc los factorcs extcrnos mis importanltes quc dan lorma y dirigen la labor del 

CIMMYT. 

Jock Anderson nos ayud6 a comprcildcr la rcldCi6n que Cxistc cntrc las oportunidades para 

las personas de bajos rccursos cn Ios parses en desarrollo y la invctigaci6n agricola y 

reivindicd nuestra creencia en la l'uicion fIundamcntal qu tiene la invcstigaci6n agricola. 

Asimismo, ilelcion6 cuatro aspcctos dc vit:l ifltrs: I) Ih nccesidad de mejorar cl 

entornlo de ha toma de decisioncs; 2) la icccsidad de melor r las aptitudes admninistritivas 

de los cncargados de la invcstigaci6n y PI ca ibio tcciinl6gico; 3) la nccesidad de mejorar 

el acccso a la tccnologia mcdiantc la intrnducci6mn de nuevos climcitos, tales coio las 

umivcrsidadcs, el scctor privado y las organizacioncs n1o gubcriammntales, y 4) la 

necesidad de considerar la comservaci6n a largo plazo dc Ins rccursos iatunilcs. 

Alvaro Umafia hizo un rccueto dc los camihios producidos cn las actitudes que influyen 

en idagricultura y la investigaci611 agricola y se refiri al nuevo inter6s Cn la conservaci6n 

de los rccursos naturales y el mcdio anbientc. En especial, habi6 dcl crcciente uso de la 

tierra por partc de quiencs talai los hosqucs pa ri oblcner nuevas tiermis cultivables; se 

refi6 a la crosi6n dcl suclo, al cmplco de productOs tlufiICos y a hi urgente necesidad de 

contar con un m6todo integral para lograr Ia armonia entre la agricultura y la ecologia. El 

Dr. Umafia hizo hincapi6 en la imporlancia de conservar el potcncial productivo actual de 

la agriculturd y en la urgente nccesidad de proteger Io quc denomind nucstro "patrimonio 

global". Yuxtapuso en fonna muy acertada los aspectos relativos a la productividad y a la 

protecci6n, idea quc ampli6 la Dra. Ren6e Lalitte cn su respuesta. 
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Sabemos quc gran parte dcl agolamicnlo de los recursos naturales dcrivado dc la 
agriculhura en los paises en desarrollo es consecuencia directa de la pobrez. Por ende, en 
la inedida en que cl CIMM YT y otras institucioncs dc invcsligaci6n agricola scan capaces 
do disininuir lapobrcza, podremos rcducir si efect'o sobrc el anibicnte. La India constituye 
un 
jeiplo de c6no los cachios eli la productividad pueden iavoreccraI a mbiente. Si ia
 
India ItuvO.rn quc satisfacer las neccsidadcs dc trigo dc su poblaci6n actual con los
 
rendimicntos que tenia en los afios 60, tendria quc dedicar otros 50 millones de hcctireas a
 
la producci6n de frigo, cifra que rcprcscla ni is del dobe de la tierra cultivable dc 
M6.,ico. Si no huhicra sido por los incrcmcntos en el rcndimicnto dcl trigo alcanzados a 
mediados de los afios 60, habria Iahido una prcsi6n a solutaincnte dcvastadora sobre los
 
fr;igilcs ambientes dc la India.
 

Y aliora pasaremos a algunas de las observaciones liechas por Sir Ralph Riley. iCmorealivar niejor nucstra misi6i? iC6oni realizarla imis riipidainentc?i,Cu'il seria la manera 

menos costosa? Seraid varias posibil idades. Subrayo' con gran acierto nuestro trabajo 
filotciiico; iios hald6 de las posibles funiciones quc pucde desempefiar la clasificaci6n de
 
los RI:lP y nos alcni a invcrlir, observar c inlcrcsarnos n,;is cn los avances cfectuados ell
 
esc ;imbito. Mencioii6 laniaiaii tlras ticnicas que polcmns ncluir en nucstra labor y
 
espccnhd 
un poco sobre niuestri particil)aci6ni en las transformaciones dcl maiz. Ilizo
 
hincapi, en lainporlancia de nucstlra 
 funci6n co)o usu;iros de t6cnicas cientfficas
 
a'anvaadas y no conio creadores dc cslas, y por suptllo, aqln i elll CIMMYT csla ioas en
 
total acierdo cm esa opini6n. 

Una observaci6n de especial iiporlancia cluc se deriva dc la presentaci6n de Sir Ralph, es 
que cs virtualnente imposible predccir la cvolucidn ic la ciencia. De Ioque si estamos 
seguros es que el ritrna de dicha evoltuci6n se cst~i acelerando y la conclusi6i que debemos
 
sacar es, en mi opini6n, cue debemnos ser sensible. a dichos canibios, dcbeilos
 
Inantilernos 
al lanto de ellos, lenemos ilue ser conpectiits para evaluarlos y tenellnos que 
ser capaces de darles cabida dento de nues'.ra organizaci6n. 

Richard Perkins nos ayud6 a comprender mejor hllici6i que desemapefian el maiz y el 
Ingo ei los paises en desarrollo. Asinlisio, incci,:i16 las conseclicicias quc el 
incremento de la producci6n pucde tner en cl medio ambiente y lanecesidad de aunmentar 
el rendimiento v la productividad ei las tierras ya cultivadas. Me parecieron imuy sutilcs 
sus comellinll-os ell ctanlo al papcl quc pucdc desenipcfiar lainvestigaci6n en aumnentar 
las opciones polflicas y en hareducci6n ide los conliclos enutre objetivos. Considero que 
dsta es laibici; una de las cuestioncs que se derivan de lapresetllaci6n ic la Dra. Li fitte, 
quien habl6, si me perinilen un nomento de aulocomplacencia, de sustituir productos 
qufnmicos con cromosomas. iQ.,sc oblendria con ella? Por una parle, rcndiinientos 
mayores y miis cstables, que aumentarian laproductividad, y, por otra, inenor peligro para
el ambiente. Me parece quc stcptinto dcscmpefi;-,in papel Ide vital importa ncia en 
c6mo realizaremos nuestra labor ell el futuro. Cromosonmas cii vez de produclos quinicos, 
sin duda una forma de reducir los conflictos cnlre objetivos. 
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Podemos hacer, sin temnor a cquivocarnos, ciertos comentarios sobre ci futuro. 
Dcsafortunadamente, la poblaci61 scguiri creciendo, y scguiri cxisticndo la pobreza. 
Seremos testigs de un interds y prcocupaci6n constantes por el ambiiente. El dcsarrollo 
seri importante, la agricultura adquifir,i una importancia critica y la investigaci6n pasar;i a 
ser un fIactor fundamenttl. 

El CIMMYT lcndri muchfsimas cosas que liaccr cn cl futuro. Entre los aspectos a los quc 
prcstaremos nayor ;,tenci6n, a Iide reducir los conflictos entre objctivos, cabe 
mencionar una mayor estabilidad dc la producci6n y la rcsistczicia dc planta liu6spcd. 
Tambi6n daremos imis atenci611 a la mancra cii que los cultivos afcctan los recursos 
naturales. En cl pasado, gr niparle de las actividades rclacionadas con la investigaci6d 
agnicola tenian por objcto ver c6mo los rcCursos naturalcs afectaban a las plantas y sc 
hacia hincapi6 ei las posiblcs formas de rcducir lainflucncia ejcrcid, por los recursos 
naturaics. En el futuro se Iratani de rcstableccr el equilibrio y sc conccdcri mayor 
importancia a los rcLursos naturalcs y a larcducci6n dc los cfcctos negativos quec nicllos 
ticne la producci6n de cultivos vde ganado. 

Y,Z.qu6 ocurrir;i con lainvestigaci6n agnrcola initcrnaciona ly su contexto ell el futuro? Es 
casi seguro que aumcntahi la imporlancia dcl scctor privado cii los paises cin dcsarrollo. 
Las actitudes estin cambiando y los clcctos sc dejarin sentir en los prdximos dos 
decenios, cn los que el sector privado dcscinpefiani una funcion mucho iniis imnporlante cii 
la agricultur dc los pafscs cii dcsarrollo. Estc liccho pucdc significar nuevas funciones 
para cl CIMMYT; por cjeiplo, si cii los pr6ximos vcinte afios los hibridos de trigo se 
vuelven posibles desde el punto de vist;a comcrcial, 11.teneinos que pensar ellilais el 
cfecto que 6sto tciidrfi sobre 1af. enraci6n dc nuestras actividadcs de investigaci6n, ei el 
enornie incrcmento de las varicdades del sector privado quc estnfarin a disposici6n de 
nuestr)s beneficiarios, y peiscmos tambi6n en las consccucncias que eso tendrfa para 
nuestra labor. 

Asi isnio, las organizaciones no gubernanientales endnin una funci6n iucho ings 
importante ell los paises ei desarrollo; estoy convencido de que iiicrcmentari la presi611 
sobre las instituciones dc investigaci61 agricola del sector ptiblico para qu-, realicen su 
misi6n cii forri ,portuna y eficientc. Presenciarenlos, usando nuestra propia jerga, como 
cambian los patrones de la oferta de los productos que producimos. 

Veremos tambi6n lacontinuaci6n de una comhinacioin de altruisn(o e inter6s propio el las 
comunidades donado Is. Surgir;i el reconociiiento critico de que s6lo institucioncs 
financiadas por cl sector ptiblico, COMUO a nusItri, podrin Ilevar a cabo determinados tipos 
de invcstigaici6n; por ejemplo, lainvestigacidn financiada por el sector ptblico 
deseinpefiiani una funci6n vital ei los problemas relacionados con la productividad y el 
nedio ambiente. 
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La tarea que nos esp "ra cs para intimidar a cualquiera. Los principios fundamcntalcs del 
CIMMYT -tcncr coiocicncia de las ncccsidadcs dc los bcncficiarios, participar 
dircctaincntc cn el trabajo dc camipo y scr imparcialcs en el trato con los bcncficiarios­
nos 
han sido dc gran utilidad cii el pasado y sin duda scguirnin sicndo una fucntc dc 6xito 
cn el futuro. De la misma mancra, cl conocimiento dc los fundamcntos cientfficos que 
gufan nuestras pnicticas seri ri,, importantc quc nunca. 

Sobre cstc punlo, pcrnftannic volvcr por un ininuto a uUo dc los tcmas quc Sir Ralph 
mentio cinirclacion con el "problcma de dos culturas" al comparar la cicncia nucva con 
la cicncia fitogen6uica probada. Considcro quc el pragmalismo, quc motiv6 Ia labor del 
CIMMYT durantc los tiltimos 25 aios, asf como el trabajo de su prcdcccsor cn los 20 afios 
antcriorcs, cs garantia suficicntc dc quc niantcndrcmos una iezcla arinoniosa de ciencia 
nucva y ciencia probada. Nucstro leina cs "si funciona, lo utilizairemos", quc cs sin duda lo 
quc venios cn las rulacioncs actualcs quc cxisIcn cntrc nucsiro laboratorio de biologia 
molecular aplicada y nuestros fitomcjoradrcs. 

En los pr6xinios anios, vcrcnos colno surgen nuevas forinas y norinas para Ilcvar a cabo 
nucstra labor y, en especial, cs casi sCguro quc la intcracci6n cnrc los canibios producidos 
cn la ciencia y los cambios cfectuados co nucstri socicdad abir;in nuevos caminos y 
crcarin nuevas estructuras para nuestro trabajo. Con todo, nuestra visi611 scguiri sicndo la 
misma. Scguircmos subrayando la importancia dc dar nucvas opcioncs a las personas de 
bajos rccursos, aunquc al haccrlo tratarcmos dc aprovcchar las nuevas oportunidades que 
sc nos otrczcan. Rcgresando a Hcriclito: nada pernlanccc sino cl cambio. Estamos 
prcparados para el cambio y abicrtos a 'as oportunidadcs. 

Les doy las graci" s por su atenci6n. Hemos cscuchado muchos y divcrsos tcmas dc labios 
de distinguidos oradorcs, quc nos han dado Un amplio panormma de la agricullura y su 
rclaciSn con el dcsarrollo. Quicro agradcccr cn forma cspc~zial a Jock Anderson, quicn 
hizo un csfucrzo suprcnio al volar durantc todo un dia para llcgar aquf dcsdc Tailanda. 
Tambi6n dcsco cxprcsar mi agradcciinicnto al Dr. Alvaro Uinafia, quicn hizo un alto en su 
viajc a Londrcs para cstar aquf con nosotros. Y a todos ustcdcs, lcs doy las gracias por 
ayudarnos a coiprcndcr mejor los clcmcntos quc confornini nucstras actividadcs en los 
pr6ximos dcccnios. 
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DATOS DE LOS PONENTES Y 

COMENTARISTAS 

JOCK R. ANDERSON (Aus'RAIA) 
Departamcnto de Desarrollo Agncola y Rural del Banco 
Internacional de Reconstrucci6n y Fomeinto (Banco 
Mundial)
 

El Dr. Anderson cn cste ioncnto goza de una licencia de 
su cargo como Prol'csor elnEconoinfa Agrfcola y 
Administraci6n de Empresas cn laUniversidad de Nueva 
Inglaterra en Armidale, New South Wales, Australia. Sus 
principales ;ireas de inter s profcsional incluyen el anmilisis 
de riesgos, amiilisis de rcspuesta aplicada y anmilisis de 
polilicas de invest igaci6n agrfnola. Ocup6 el cargo dc 
Subdirector y Economista lnvcsiigador Principal de la 
Oficina Australiaia de Economia Agricola, dirigi6 el 
estudio de impactos efectuado por el CGIAR en 1984 y lia 
colaborado exte nsanmentc coI los centros internacionales 
de invcstigaci6n agricola y con la FAO, IFAD y el Banco 
Mundial. 

DEIU:K B~.R. (AUSTRAL.IA) 

Dircetor dcl Progrania de Econoinfa del CIMMYT 

El Dr. Bycrlec obtuvo su doctorado en economia en la 
Universidad dc Oregon en 1971. En su cxperiencia 
acaddmica figuran becas de investigacion en la 
Universidad dc Nueva Inglaterra, Australia, y en Njala 
University College, Sierra Leone, asi como el cargo de 
Profesor Asociado en cconomia agricola en la Universidad 
Estatal de Michigan. Antes de asumir el cargo de Director 
dcl Progrin,; de Econiomifa, el Dr. Bycrlee estaba asignado 
ai programa bilatcral del CIMMYT eniPakist;in, doide 
colabor6 estrcchalele con los colegas de csc programa 
nacional para lortalecer laca1)acidad de 6ste para realizar 
investigaci6n cn el canmpo de las ciencias sociales, en 
especial nediantle investigaci6n basada cn los sistcmas de 
cultivos. Sus intercses principalcs radican en Ia 
investigaci6n adaptativa eln fincas y la invcstigaci6n sobre 
las politicas agrarias y los aspectos econ6micos de la 
misma. 
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SF.RGIO CtLZARO LOAIZA (Mf'xIco)
 
Director de Programas de Desarrollo de Nacional Financiera (NAFINSA)
 

El Dr. Cluizaro obtuvo su doctorado en Econonmia Agricola y Administraci6n en la
 
Univcrsidad de Purdue y despu6s fue Profesor e investigador y Jefe del Departamento y

de Ia Maestria en Administraci6n de Empresas Agropecuarias en el listihtl- Tecnol6gico
 
de Monterrey desde 1968 hasta 1975. Desdc 1975 ha prestado sus servicios en distintas
 
dependencias del Gobierno Mexicano. f1a sido coordinador en la Comisi6n Coordinadora
 
del Sector Agropecuario de la Secretaria de Presidencia, y en la Secretarfa de Comercio,

de acciones dirigidas a l'Ormular politicas sobre los precios de garantia y los sistemas de
 
comercializaci6n. De 1979 a 1980, aclti 
 como Gerente y Coordinador de Acciones
 
Agropecuarias depemi'enfe de 
 IaDirecci6n General de CONASUPO. De 1981 a 1983, el
 
Dr. C;izaro actlo coi11o Representante General de hi Secretaria de Agricultura y Recursos
 
I-idrafilicos en el EsLtado de Veracruz, y al afio siguientc como 
Director de Mercados
 
Agropecuarios de iaAsesorfa de a Presidencia de laRepfiblica. Despuds 
 'uedurante
 
cuatro anos Subdireclor T~cnico y de Evaluaci6n del Fondo para el Desarrollo Conercial
 
del Banco de Mexico, antes de asumir su presenlc cargo. 

ERNESTOENIuQt'Z Ru1wo (MI'Ixwo) 
Subsecretario de Agricultura de Mexico 

El Lic. Enriquez Rubio obtuvo los titulos de licenciado en leyes y en administraci6n de 
empresas en 1967, el primero en haEscuela Libre de Derecho y el segundo en el Instituto
 
Tecnol6gico Auton6mo de Mexico (ITAM). Posteriormente hizo esludios de postgrado en
 
relaciones internacionales en la Universidad de las Americas, Mdxico, D.F., en gobierno
 
en American University, Washington, D.C., Nen linaniis ptiblicas en la Universidad
 
Nacional Aut6onoma de M(xico (UNAM). Desde entonces ha ocupado al. )scargos

politicos y en el Gobierno Federal. Entre ellos figunrn el de Director Ejecutivo del Banco
 
Mcxicano Somex, Subdireclor General de Rccursos Materiales en Fcrrocarriles
 
Nacionales de M6xico y Subsecretario de Ganadera en lhSARH.
 

Lts II:i ,x-EsririA (MtxiCO) 
Jefe del Deparlamento de Biologfa Molecular del Centro de Investigaci6n y Estudios 
Avanzados (CINVESTAV/ del Instifuto PolitScnico Nacional de M6xico 

El Dr. Herrera-Estrella curso sus estudios de doctorado y posidoctorado en ingenieria
"fitogentica en hi Rijksuniversiteil, Ga nie, B6lgica (1986). En el laboralorio que tiene a su 
cargo se utilizan las hcrramientas de lahiologia molecular en Iacreacion dILgenotipos de 
mnaiz, nlmate, frijol, chile y tahbaco que tengan resistenci:i a las principales eifermeuades y
plagas de inseclos. Asimismo, colabora con el lahoratorlo de Gen6tica Molecular Aplicada 
del CIMMYT en dos proyectos, uno para relacionar Lis sondas RFLP con los seginentos
gen6micos asociados a la tolerancia a h sequfa en el maiz y el olro para seleccionar cepas
de Bacillus thuringiensis que scan tdxicas para los barrenadores tropicales del ma iz.La 
labor realizada por el Dr. Herrera -Estrella ha sido reconocida por cl otorgainiento de 
premios de la Academia dc Ciencias de Nueva York, laUNESCO y laAcademia 
Mexicana de Iaestigacioin Cientifica. 
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RENI:, LAFIT'E (EUA) 
Coordinadora Interina del Subprograma de Agrononifa y Fisiologfa del Programa de Maiz
 
d;l CIMMYF
 

Los antecedentes acaddinicos de la Dra. Lafitte inclhyen un doctorado cii fitofisiologia de
 
la Universidad de California, asi coimo el grado de inaestra en agronomfa y la licenciatura
 
cn ciencias bo!linicas. En la aclualidad, Cs responsablc de colaborar con los mejoradorcs
 
en la gEneraci6n de maiz con tolcrancia a los factores abi6licos adversos, talcs corno la
 
sequfa y los suclos dcficicntcs cn nitr6gcno, prcsentcs en los anibicntcs de producci6n cn
 
los parses en dcsarrollo. Entre 1987 y 1991, dirigi6 los cursos en servicio que Se
 

imparlieron en la scde dcl CIMMYT con cl objeto dc ayudar a los invcstigadores dc los
 
paiscs cn dcsarrollo a cfectuar iivestigaci6n en fincas y aplicar t6cicas que pcrmitan
 
idEntificar los lIimitantcs quc cnifrcntan los agricultorcs y fornular recoincndacion,;s
 
rcspEcto al manclo dc cultivos.
 

BuIrON MAriwws (CANAD)A)
 
Profcsor del Dcprtaincwo dc Geografia de la Facullad de Estudios del AmbientE,
 
UnivErsidad de Waterloo, Canadfi
 

Actual Prcsidcntc dc Conscjo Dircctivo dcl CIMMYT, el Dr. MatthEws se doctor6 ei
 
quimica dc suclos (,irEas de conccntraci6n sccu'ldaria: gEologfa y quimica fisica) en la
 
Universidad dc Corncll (1952). Ha impartido cursos cn pEdologia, gcograffa y disciplinas
 
afinEs en varias univcrsidadcs importantcs cn Ontario, y fungi6 conio Vicccanciller y
 
Presidente de las Univcrsidadcs dc Guclph y de Waterloo. AdEcmis, ha sido director de
 
varias asociaciones nacionalcs y provincialcs de cducaci611 superior. Ei cl sector privado
 
ha ocupado los cargos dc director ci la Campbell Soup Company, la Mutual Life
 
Insurance Company dc Canad;i y John Wiley & Soils, uni casa editorial.
 

MICHAEL MORRIS (EUA) 
Economista del Progrania de Econoinia dcl CIMMYT 

El Dr. Morris, quc fuc voluntario dcl Cucrpo de Paz asignado a Sierra Leona, rccibi6 el 
titulo dc doctor en cconomia igricola cii la UnivErsidad Estatal de Michigan en 1986, 
cspccial iz,iindosc cn cl dcsarroilo agricola, las polfticas aliincntarias y campos 
rclacionados. Sus aportacioncs a la labor dcl CIMMYT sc han centrado cn los anilisis del 
sector productos y de las politicas quc al'cclan cl maiz y cl trigo, incluido un estudio 
extcnso del scctor de maiz en Paraguay, Irabajo que realii6 cii colaboraci6n con el 
progrania nacional dc esc pais, asi como tn cstudio dc lavcniaja comparativa de la 
producci61 dc trigo cn Zimbabwe.Por otra parte, ha coordinado lainvestigaci6n sobre las 
principalcs tcndcncias y politicas cn las cconomias dcl maiz y del trigo, cuyos rEsultados 
sc lian incluido cn la scric Hcchos y tcndcncias quc cl CIMMYT publica. En Estc 6ltimio 
afio, ha ayudado a crear y analizar tn estudio de los impaclos de lainvcstigaci6n de maifz 
quE el CIMMYT ha cfcctuado cn los paiscs cn vias dc desarrollo, y cil el presEnte, 
participa cn lacvaluaci6n de los beneficios producidos por la investigaci6n fitotdcnica cn 
Nepal. 
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RICHARD PERKINS (RFINO UNIIDO)
 
Director de ha Divisi6n de Productos y Comercio de InOrganizaci6n Para la Alimcntacidn
 
y Agricultura de las Naciones Unidas (FAO)
 

De 1958 a 1971, el Sr. Perkins fuc prolcsor e investigador de la facultad de cconomfa eni
 
la Univesidad de Manchester, y dc agricultura cn la Universidad de Newcastle-upon-

Tyne. Asimismo, ha sido asesor en economia agricola en varios organismos
 
intcnmacionalcs y empresas privadas. En 1971, asuniid cl cargo de Economctrisla Principal 
de IaDivisi6n de Productos y Comercio de la FAO y como tal fue responsable de la 
proyccci6n de los produclos agricolas y de los amilisis del sector internacional de 
productos y comcrcio. Dcsdc 1978, cl Sr. Perkins ha ocupado el puesto de Jefe del 
Servicio de Politicas de Productos y Proycccioncs, Subdirector de la Divisi6n de 
Productos y Comercio dc laFAO y, comcnzando en 1989, Director de la misma. 

SANJAYA RAJARAM (INDIA) 
Jefe dcl Subprograina de Mejoramiento de Gcnioplasia del Programa de Trigo 
dcl CIMMYT 

El Dr. Rajarim ha continuado la aIbor conclzeida por cl Dr. Norman Borlaug, quien 
recibid cl Prcmio Nobel de la Paz, en a gcneracion de gennoplasma de trigo con 
adaptaci6n amplia, y alto potcncial de rcndimicnto para cntregar a los programas 
nacionales de los parses en desairollo. Sus csluerzos haii :.ido coronados con un gran 
6xito, pucs cnre otras cosas, h:1 producido a familia de trigo dcnominada Veery, cuyos 
derivados se siembran en nris de cinco milloncs dc hcct;ircas cn cl mundo en dcsarrollo. 
El impacto de sus invcstigaciones fuc formlhnicnte rcconccidco, ya quc cono resultado de 
ellas se Ic otorgo ai CIMMYT el Prcmio Rey Balduino a la Investigacirn Agricola 
Internacional cn 1988. El Dr. Rajaram se doctor6 en filogenctica en el afio 1968 en la 
Universidad de Sydney en Australia. 

SIR RALPH Ri.FEY (REINO UNIDO) 
Universidad de Cambridge 

Sir Ralph es citogenetista y mejorador de trigo y rue Director del Instituto de Filogendtica 
en Cambridge, RU, asi como del Servicio de Investigaci6n Agricola de csc pais. Ha sido 
consejero de Instituto Internacional de Investigacion sobre cl Arroz (IRRI) y actualmnente 
forina parte del Conscjo Directivo dcl Centro Internacional de Inves!"gaci6n Agricola en 
Zonas Aridas (ICARDA). Entre los nuiLinciusos honores quC ha recibido figuran el ser 
aceptado como miembro de laAcademia dcl Reino Unido (Royal Academy), Asociado 
Extranjero dc la Academia de Ciencias dc .stadosUnidos, Miembro Extranjcro de la 
Academia Nacional de Ciencias de laIndia ' micmbro de laAcadcmia de Agicultura de 
Francia. Recibi6 el Prem io a la Agricultura h;k ,ai,, ,ade lai:undaci6n Wolf en 1986, y 
fue Presidente de la Revisi6n Externa de los Programas del CIMMYT efectuada en 1988 
por el Comitd Asesor Tdcnico (TAC) del CGIAR. 
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LEOPOLDO SOiiS (Mt:XICO) 
Director General del Instituto de Invcstigaci6u Econ6mica y Social "Lucas Alamvin" 

El Lic. Solis curs6 la carrera dc licenciado cn economlia en la Univcrsidad Nacional 
Aut6noma de Mexico y postcriormnitc otuvo el gr:Jo de macstria en la Universidad de 
Yale con la especialidad cen Modelos de Econoinia Agregada. Fungio como cconomista dc 
la Oficina T6cnica de la Direcci61 dcl Banico de Nkxico, despu6s como Supcrvisor de 
Amilisis Econ6inico dcl Deparamcnito de Estudios Econcmicos, y durianie los afilos 1964 a 
1970 fue Jefe dcl Dcpartamcnlo dc Esludios Econ6i1icos dcl banco central del pais. En 
1970 fuc nombrado Director de ha Dirccci611 General Coordiiadorni de Prognmaci6n 
E-on6mica y Social de Ia Scciclaria dc la Presidcncia, en dondc pcrnia nccio hasta 1975, 
cuando luc nombrido Profcsor Visitanic de Ia Woodrow Wilson School of Public and 
Intcrnational Afflairs de IlaUniversidad dc Priticclon. De 1976 a I 185, ocupo cl cargo de 
Subdirector General dcl BanCio ic Mxico. En 1971 ftu nonbrado micibro dcl Comi t6 de 
Planificaci6n dcl Dcsarrollo, (Lu cs ,irgaiii( dc consulta del Secrclario Gencral de Ila 
Organiz~ici~in de las Nacioncs Unidas. El Lic. Solis tue Iamniicn Coordinalor dcl Coniit6 
de Asesores Econ6mnicos dc l Presidencia tic la R ptihlica y dcsde I 076 es inicnbro de El 
Colcgio Nacional y niicnbro de Mimer du Ih Acadcmiai Mcxica na de l Lengua. 

AINARzo UNIl\lAA (COSTA, RICA,.) 

Viccpresidente del Ccniro IC listudios Ainientales 

Adenvis dcl titulo de doctor en ingcnii.ria anihicntal de ia Universidad de Stanford (1979), 
el Dr. Uniaf-a obtuvo itulos enl econoifa, control de conlaninaci6n ambiental y en fYsica, 
y rccibi6 cl grado de doctor enveI's lionori, alusa del Williams College. Actu6 como 
Ministro de Rccursos NaturaIcs, Einergia y Minas de Costa Rica de 1986 a 1990, y cn la 
actualidad Cs Presidente de iaFu idaci6 n Arias para h P:iz y cl Progreso flunmano y 
profesor asociado cn el Institute Cciitroaiicricano de Adininistraci6n, micinbro dcl 
Consejo Ejccutivo de IlaUNESCO, asesor del Fondo Mundial pan Ih Conservaci6n de la 
Naturalei y Ila Vida SilvCstrC, colscjcro del Centro Internacional de Agricultura Tropical 
(CIAT) y asesor en polutica y plniicamiCnlo cncrgctico pa, PNUD, OLADE y la 
As,imblca Lcgislativa dc su pa is. 

Guy VAIAYvS (FRAN'IA) 
Antiguo Ascsor .1 Director GencrId dcl Ccntro de Cooperaci6n Iilcniacional en 1a 
Invcstigaci6n Agrfcola para cl Desarrollo (CIRAD) 

Dcspu6s dc complctar sus csludios uiiivcrsilariios cn agricultura tropical cn 1948, el Dr. 
Vallacys tuiigi6i coio Jefte dcl nlCjoraiieito del catel y el cacao ellin centro de 

investigacion en Zaire y dcspt&', trahaii diintc inis de 2(0 aifos ein el Instiluto de 
Investigaci6u Agricola Tropical y dc Cul ivos l3;isicos (IRAT) en Fra ocia, donde primcro 
fuc Subdircctor de los Progra inas de Iiestlig;c1iC6, Ilego Direclor de los mismos y 
dcspu6s Dircctor Genera I dcl Institto. I)csdc su jubilaci6n cii 1983, lia sido asesor dcl 
Dcpartancito de Investigaci6n Cicnfica dcl Minislcrio de Relaciones Exteriores, del 
Departanicnto de Investigacidn Conjunta dcl Ministcrio de linvcstigaci6n y Tccnologia y 
dcl Centro dc Cooperaci6n Internacioiial en Ia Invcstigaci6n Agricola para cl Dcsarrollo 
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(CIRAD). Por otra parte, ha participado tamibi6n cn los comit6s cientificos y t6ccnicos de la 
Universidad de Paris, en la Asociaci6n de Africa Occidental para el Dcsarrollo del Arroz 
y en el Instituto Franc6s de Investigaci6n Cicotifica para el Desarrollo en Cooperaci6n 
(ORSTOM), asi como en los consejos directivos de varios centros internacionales de 
investigaci6n agricola, entre los cuales se cuenta el CIMMYT. 

DONAI) L. WINKELMANN (EUA) 
Director General dcl CIMMYT 

El Dr. Winkelmann cs un economisla y profcsor experimentado cuya carrera en la 
invcstigaci6n y la docencia se dcsarroll6 en la Universidad de Minnesota, la Universidad 
Estatal de Iowa y el Colegio de Postgraduados de Chapingo en Mdxico. Realiz6 sus 
estudios de doctorado en ceonomia cn la Universidad de Minnesota, cs fundador del 
Programa de Economia dcl CIMMYT y fungi6 conio su Director dc 1978 a 1985. En esa 
capacidad fue rcsponsable de la formulaci6n y discmiaci6n de la melodologia de la 
invcsfigaci6n en fincas y ayud6 a definir la luncion de los cconomistas en la investigaci6n 
basada en los productos. Fuc nombrado Director General dcl CIMMYT en 1985. 
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