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The Next 30 Years
Sustainable Maize and Wheat Systems for the Poor



CIMMYT An mternatlOnal, non-profit, agncultural research and trammg center dedIcated to

helpmg the poor m low-mcome countrIes

Focus Increasmg the productivity and sustamabillty of maIze and wheat farmmg m low-income

countnes, protectmg the natural resources upon whIch agnculture IS based Work concentrates on maIze and

wheat, two crops VItally Important to reducmg poverty and to ensunng food security for the poor. These

crops provIde about one-quarter of the food (total calones) consumed m low-mcome countnes, are cntlCal

to the dIets of the poor and, for poor farmers, are an Important source of mcome.

Activities

• Development and worldWIde dIstnbutlOn oflugher YIeldmg malze and wheat With bmlt-m genetIC

resistance to dIseases, msects, and other yteld-reducmg stresses.

• ConservatIOn and dIstnbutIOn ofmalze and wheat genetIC resources

• StrategIc research on natural resource management in maize- and wheat-based croppmg systems.

• CreatIOn and documentation of new knowledge about maIze and wheat

• Development ofmore effecuve research methods

• Tralmng of vanous types

• Consultmg on techmcaiissues

Partners Staff work WIth colleagues m national agncultural research programs, umversIues, and other

centers ofexcellence around the world, m the donor communIty, and m non-governmental orgamzatIOns

Impact

• 50 mIllton hectares m low-mcome countrIes are now planted to CIMMYT-related wheat varIeties (about

70% of the total wheat area m those countnes, not countmg Chma)

• CIMMYT-related wheats were sown on an addItIOnal 16 mllllon hectares offarmland m low-mcome

countnes durmg the 1980s alone.

• 13 millton hectares m low-mcome countrIes are now planted to CIMMYT-related maIze vaneties (about

50% ofthe total nontemperate area devoted to Improved vaneues m those countrIes).

• Nearly US$ 4 bIllton m extra gram producuon each year can be traced to the higher genetic yIeld

potentIal and bmlt-m pest reSIstance of CIMMYT-related varieues

• More than 4,500 researchers are aimnni of the Center's tralmng programs

Location Headquarters are m MeXICO, but activitles and Impact extend to over 100 countries VIa 16

regIOnal offices (see contact mfonnatlOn, back cover) ~ .'
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BEST AVAILABLE COpy

D
unng the week of September 24-27,

1996, CIMMYT fonnally

commemorated three full decades of

operatIOn We did so with Just a touch of fanfare and

a great deal of consultatIOn with key research

partners and mvestors In honor of the occaSIOn, we

devoted the first day to an mauguratIOn of

CIMMYT's new Plant Genetic Resources Center

and our expanded ApplIed BIOtechnology Center, as

well as some crystal ball gaZJflg by a number of

developmg country partners and financial supporter~

concemmg the future of maIze and wheat research

Those events were then followed by three days of

mtenslve consultatIOn with more than 35 natIOnal

system leaders and financial backers, all focused on

our draft Medmm-Tenn Plan, 1998 - 2002 The

results of that very productIve consultatIon are bemg

combmed wIth mput from CIMMYT staff obtamed

dunng a SImIlar "m-house" set of meetmgs as we

move toward a final draft plan

Several who spoke dunng the 30th

CommemoratIOn noted that CIMMYT has good

cause to celebrate, for we have - together with our

many research partners - accomplIshed much on

behalfof the world's poor. And yet, even as each

spokesperson reflected on past accomplIshments, all

urged us to mamtam our focus squarely on the

agncultural development challenges that confront

the world as the next m111enmum approaches

Amid today's apparent plenty, tremendous

mequalItIes eXIst The World BarIk estimates that

there are about a bIllIon people - roughly one m

every five - who must survive on less than one US

dollar per day Equally alarnllng IS the detenoratmg

condition of the natural resources that underpm our

current agncultural production systems We are now

wltnessmg a never-before-seen rate of lllcrease m

the world's populatIOn - nearly 200 new reSidents



are added to this crowded planet every mmute, a new

MexIco City evef)' 12 weeks a new MexIco every' year

Moreover, global food stocks, as a percent of

utIlIzatIOn, are at theIr lowest level smce we began

keepmg such records Clearly, we can claIm only a

tenuous hold on global food securIty

Agncultural research by CIMMYT and by many,

many other InstItutIOns has provided the margIn of

survival for millIons of the world's poor It remams our

best hope for confrontmg the dauntmg challenges

before us now reducmg poverty, conservmg the

natural resources upon which our chIldren's welfare

Will depend, and prodUCIng enough food for all

CIMMYT's maIze and wheat technologies - more

productIve varIetIes combmed With new, more effiCIent

and envIronmentally frIendly ways of grOWIng them ­

proVIde hope m an uncertaIn future They promIse

more food from less land, better, more nutrItIOus graIn

WIth fewer chemIcal mputs, and more stable yIelds

under less predIctable grOWIng conditions

Our research IS constantly evolvmg as advances In

sCIence open new opportumtIes for research We are

movmg from our tradItIonal and more narrow focus on

producmg hlgh-yleldmg, Input-responsIVe cultlVars to
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a more mclu~lve concern WIth enhancmg not only the

productIVIty but al~o the smtamabIllty of maIze and

wheat productIOn ~ystems m developmg countne~ Our

rescarch strategIes mcreasmgly tran~cend conventIOnal

plant breedmg to achIeve a creatIve blend of proven and

new research methodologIes

One tangIble re<,ult of ~uch change~ I" the new

Wellhau~en-Ander~on Plant GenetIc Resource~ Center

that we dedIcated m late September Thl~ center

combme~ a <,tate-of-the-art genebank complex,

refurbIshed seed dlstnbutlOn faCIlItIes, and a revamped

array of related research actIvItIes - some of whIch are

hlghhghted later In thIS 30th Anmversary Annual

Report The new facllttIes were made possIble by

generous donatIons from Japan and other core donors to

CIMMYT, and Will enable u~ to more effectIvely

conservc and more effiCIently use the maIze and wheat

genetIc resources we hold In trust for humankInd

In thIS Report, readers WIll find considerable

eVIdence of change In CIMMYT, beyond that reflected

In the bncks and mortar of our new Genetic Resources

Center For example, we hIghlIght several InitIatIves

mvolvIng our recently created Natural Resources Group

(NRG) The NRG was formed speCifically to target

nat1ual resource Issues The Group uses a vanety of

networkmg approaches to solve problems, and features

a strong In-house capacity for geographIc InfOrmatIOn

systems lesearch The NRG mISSIOn IS to develop

effiCient research methods, conduct strategIc research

on processes and prototypes, and, most Important, to

backstop CIMMYT researchers and their partners In

developmg countnes as they address productlVlty and

sustamabllIty Issues In so dOIng, the NRG helps answer

key questIOns havmg to do WIth mcreasmg maIze and

wheat yields m environmentally safe ways, USIng maize

and wheat technologies to help slow or reverse resource

degradatIon, and measunng the long-term Impacts of

technical change

CIMMYT IS devotIng a groWIng share of ItS

resources to research aImed at ImprovIng the reSIlIency

of maIze and wheat to a varIety of stresses, especIally

those encountered In more margInal productIOn

enVIronments In thIS Report, we feature our work on



maize drought tolerance, on heat tolerance m wheat,

and on reducmg widespread losses m maize productIOn

attnbutable to the parasItic flowenng plant, Strzga spp ,

known to sub-Saharan farmers by the charmmg and all

too descnptIve name "wltchweed " Other Important

work mvolvmg our Maize and Wheat program staff IS

featured throughout thiS Report

The last SIX years have witnessed the development

of an ImpreSSive apphed bIOtechnology capablhty m

CIMMYT, one closely lmked to the work of our Maize

and Wheat programs SpeCIal funds recently prOVided

by DANIDA and others have enabled a modest - yet

cntlcal - expansIOn of thiS capablhty, such that our

Apphed BIOtechnology Center IS now well posItioned

to carry out ItS miSSIOn mto the next century That

miSSIOn IS to do no less than make maize and wheat

breedmg even more effective through DNA marker

techniques and the genetic transformatIOn of these Vital

crops Our bIOtechnology staff contmually evaluate and

adapt new technologies for use at CIMMYT and m

developmg countnes, transfer useful technologies to

developmg countnes through trammg and consultmg,

and collaborate closely With other bIOtechnology groups

worldWide In thiS Report, we look more closely at four

aspects of the BIOtechnology Center's work. the use of

marker aSSisted selectIOn m the development of drought

tolerant maize, recent successes m the genetic

transformation of maize and wheat for developmg

country productIOn settmgs, our progress m transfemng

apomixis to maize from ItS wtld relative, Tnpsacum,

and the results of CIMMYT's first-ever bIOtechnology

course, held m late 1995

One of CIMMYT's greatest strengths IS ItS close,

long-standmg relationships With research partners

throughout the developmg world These relatIOnships

are absolutely Vital to addressmg the agncultural
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development challenges of

the 21 ~t century We have

set about rededlcatmg the

Center - and ourselve~ a~

mdIvlduals - to research

partnershlp~ m ~ervlcc to

the poor, to protectmg the

envIronment, and to

mcrea5mg global food

secunty Central to the

progress we are makmg m

thIS regard IS our finn

commitment to lzstel1lng

to and understandmg the

needs ot our partners, as well as a growmg openness

to mnovatlve organIzatIOnal fonns that faCilItate

meanIngful collabocatIOn ThIS mcludes new

arrangements With sister centers, as the recent

agreement WIth ICARDA on Jomt research to Improve

and dISSemInate spnng bread wheat, durum wheat

and facultative and wmter bread wheat for West ASIa!

North Africa, as well as to share conservatIOn

responsibIlIties for wheat genetic resources We

hIghlIght In thIS Annual Report several actiVIties that

embody the above-mentIOned operatIng prinCIples,

gIVIng speCIal attentIon to work under way In Central

Amenca, southern Afnca, and In tmy but densely

populated Bangladesh

We are also movmg In new dIrections m the area

of economICS research related to genetic dIverSIty m

matze and wheat, long-tenn supply and demand

proJectIOns, technology assessment and forecastIng,

adoptIOn and Impact studIes, and research pnonty

settmg - all are eIther new, or recently modIfied

actIVitIes In thIS Report, we gIve speCIal emphaSIS to

our economIcs work relatmg to genetic dIversIty m

wheat, and to a recently completed study of the maIze

seed Industry In developmg countnes

CIMMYT IS IncreasIngly aware of the strategIc

Importance of mformatIOn and the potentIal benefits

assOCIated WIth managIng It more effectively We are

InvestIng In thIS area now m antICIpatIOn of slgmficant

payoffs both for CIMMYT and for our research

partners as we move Into the next mlllenmum We
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hIghlIght In thIS Repwt some recent actIVIties and a

notcworthy mternal reorganIZatIOn that \Ne thmk WIll

~trcngthen our abIlIty to capitalIze on the mfonnatIOn

revolutIOn gomg on around us all

Fmally, a fC\N \Nord~ relatmg to the Center\

financial ~ItuatlOn Speclfic~ are proVIded later m thI~

RepOl t Of more Immediate mtere~t here IS the fact that,

IIkc all CGIAR center5, CIMMYT finds Itself

confronted \"Ith a dynamIC set of Circum5tance~

fundmg for mternatIonal agncultural research ~eerns

mcreasmgly hard to come by, but Important change5 In

thc System'~ financmg procedures resultmg largely

from the CGIAR's '"renewal process" are provIdmg

mccntIve~ for fundraIsmg by mdlvldual center~

Efforts to 5trcngthen ties \NIth current and potential

mve~tors have been expanded through the creatIOn of an

External RelatIOns program, whose pnmary miSSIOn IS

to broaden the Center's fundIng base The new program

combInes the areas of donor relations, project

development, publIc awareness, and other mfonnatIOn

areas that contrIbute to these operatIOns

Perhaps more Importantly, we are In the process of

redefinmg CIMMYT's research agenda m terms ofa

number of "megaproJects," each of whIch addresses

research challenges of major global or regIOnal

Importance These megaproJects WIll fonn the heart of

our new Medmm-Term Plan, referred to at the very

begmmng of thIS Introductory sectIOn. We are workIng

hard to ensure mput by key stakeholders mto the

fonnulatIOn of these megaproJects and the Plan Itself

So, on thIS, the occaSIOn ofCIMMYT's 30th

annIversary, let us celebrate the clImate of change In

whIch we find ourselves Let us reIterate the

fundamental operatmg prinCIples of true research

partnershIps, mutual respect and understandIng, and

profeSSIOnalIsm m the face of adverSIty, that WIll gUlde

CIMMYT staff and theIr colleagues In developIng

countnes mto the next century And yes, let us take time

to recognIze all that has been accomphshed dunng tlte

past 30 years

But even more Important, let us rededIcate ourselves

to meetIng the challenges of the next 30 years easmg

the plIght ofthe poor, protectIng our chIldren's natural

resources, and mcreasmg food security for all
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envlfonments

with the cold logic of a

schoolbook syllogism or a

proposItion out of Euclid

technologies help slow or

How can maize and wheat

reverse environmental

degradatIOn?

How can the long-term

consequences of techmcal

change best be assessed?

Because natural resource Issues

•

•

are mextncably connected to

CIMMYT's ongomg work, the

NRG has been deSigned not as a

Recent eVidence from some hIgh-productivity sites

suggests that resource degradatIOn may be reducmg

productiVity m South ASia's nce-wheat systems Such

news has sobenng ImplicatIOns for the more than 200

million farmers who depend for theIr livelihoods on

thiS croppmg sequence. Sobenng too IS the pOSSibility

that Widespread degradatIOn has been masked by the

mcreased use of fertilizers and other mputs, thus

ralsmg the nsk that lITeverslble damage may occur

before the danger IS fully realized

RICe and wheat dommate South ASia's food supply,

accountmg for about 90% of the regIOn's total cereal

productIOn Because further expansIOn of the area

planted to these crops IS likely to be negligible. the

productIOn gams necessary to keep pace With

population growth WIll have to come mamly from yIeld

mcreases Although average nee and wheat yIelds rose

at about 2% per year between 1960 and 1990, eVIdence

suggests that these Impressive rates are no longer bemg

mamtamed Indeed, m some mtenslvely cultivated

areas, yIelds have already begun to decline

These mdlCators are espeCially alarmmg smce the

use ofproductIvlty-enhancmg mputs seems to be

approachmg saturation levels in many areas Adoption

Rice- and Wheat-based Cropping

Systems in the Indo-Gangetic Plains

separate program but as a cross­

cuttmg activity that supports and complements efforts

m the Maize. Wheat. and Economics Programs The

followmg projects are representative ofthe natural

resource mltlatIves m whIch CIMMYT partICipates

What are the opportumtles for environmentally

safe mcreases m maize and wheat productiVity?

• World populatIOn IS

mcrea~mg at a rate of 100

million per year

• Food productIOn must

mcrease dramatically to cope

With this growth

• Most of the world's arable land-and all of ItS

best lands-are already bemg cultivated, often at

a high level of effiCiency

How then are we to contmue feedmg ourselves?

Given that trade opportumtIes are limited and that

much of the world denves ItS mcome from small-

T
he facts cannot be

Ignored They pomt

toward hard conclusIOns

scale farmmg, only two answers are possible by

mtensifYmg productIOn on currently cultivated lands

and by expandmg productIOn onto margmallands

Both options Will reqUire an unprecedented level

of expertise m managmg the natural resource base At

present, however, we know relatively little about the

long-term ImplicatIOns of mtenslfied productIOn. nor

are we well eqUipped to deal With large-scale

mIgratIOns mto margmal and easily degraded

Unless we can develop strategies that produce

adequate food supplies m the short term Without

compromISIng the long-term productive capacity of

the resource base, the human and envlfonmental costs

are apt to be catastrophiC Even at current populatIOn

levels and productIOn mtensitIes, resource

degradatIon m developmg countnes has often been

SWIft, severe, and WIdespread

CIMMYT's newly formed Natural Resources

Group (NRG) was established WIth these challenges

m mmd More speCifically, the NRG helps CIMMYT

and ItS collaborators answer these key questions

•

9
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South Asia's rice-wheat area.

ofmodem vanettes IS virtually

complete, and although farmers can

realIze further genetic gams by

regularly replacmg old vanetIeS With

new ones, many breeders now focus on

mamtaimng yields through Improved

resistance and gram quahty FertilIzer

use on nce and wheat IS now close to

optimal m many zones With traditional

sources of productiVIty growth showmg

SignS of exhaustIOn. how w111 farmers

keep pace With mcreases m demand?

"We aren't gomg to meet thiS

challenge Simply by conductmg the

same kmd ofresearch we've conducted

m the past----{)r even by conductmg the

same research better," says NRG staff

member Peter Hobbs "Although ~ome

low-productIOn area~ still have ~cope

for yIeld gams from mcreased mput use,

hIgh-productivIty areas arc gomg to

reqUIre more and more sophIstIcated

mformatlOn about how to mcrease the

effiuenc l' of mput u~e and how to

arrest-or reverse-<,oIl and water

degradatIOn "

The Rice-Wheat Consortium

Developmg thl~ kmd of effiCIency

IS one of the chief aIms of the Rlce-

Wheat ConsortIUm for the Indo­

Gangetic Plams An outgrowth of

collaboratIve work between CIMMYT

and natIOnal partners m the I980s, the

ConsortIUm now mcludes natIOnal

programs from Bangladesh, IndIa,

Nepal, and PakIstan (Chma IS an

aSSOCiate member), as well as a number

ofulllversltles CGIAR partners

mclude IRRL ICRISAT, and IMMI

CIMMYT leads work on land

management, tl1lage, and crop

estabhshment, we support work on

system ecology and on nutnent and

water management

"The Consortmm proVIdes a good

model for the development of an

ecoreglOnallllltiatIve m hne With

natIOnal research pnonties," says

Wl1ham D Darr, Chairperson of the

ASia-Pacific ASSOCIatIon of

AgncultlJral Research Institutions

Hobbs concurs that thiS kmd of

responsiveness IS cruCial to the

Consortmm's success "We can't Just

develop prepackaged solutIOns,

admllllster them across large regIOns,

and expect to achieve umformly

benefiCIal results," he says "To cope

With these mcreasmgly complex

problems. we mu~t develop fleXIble

techmcal optIOns that farmer~ can

adjust to theIr own clf(.umstance~ "

A multIdI~clphnary, sy~tem~­

onented approach I~ clearly eVIdcnt m

CIMMYT-Ied work on reduced tIllage

and Improved crop cstabh~hment

Properly managed, a reduced tIllage

system offers a number of advantages

farmers can plant earher, aVOId late­

season heat stress. mcrease the

effiCIency of apphed mpub, produce

better stands, use less fuel. and reduce

eqUIpment wear To maXImIze the~e

benefits, however, the ConsortIUm
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must fo~ter collaboratIOn among a broad

range of partICIpants

"We work WIth plant breeders to

develop vanetIes capable of flounshmg

under vanous new schemes," Hobbs

say~ "We work WIth eqUIpment

deSIgners and blacksmIths to ensure that

the machmery IS effectIve and avaIlable

We work With crop protectIOn specIahsts

and specIahsts m water and fertlhzer

management to develop sIte-speCific

practices and to momtor the long-term

Impact of those practices We work With

polIcy-makers to help catalyze change

And we work WIth farmers smce they

must ultImately be convmced that the

new packages are more effectIve"

The potential payoffs from thiS kmd

of collaboratIOn are difficult to overstate

"When wheat plantmg IS delayed past

the end of November, yield declmes by 1

to 1.5% per day," Hobbs says "One of

the chIef causes of these delays IS time­

consummg-and often excessIVe-­

tl1lage operatIOns In some regIOns, these

delays can push back plantmg dates by

four weeks or more. Reduced tillage

"We've clearly shown that reduced­

tillage optrons can be more efficient and

economical," says G.S. Girl of Nepal's

National Wheat Program
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Effect of plantmg date on wheat yield

systems often reqmre more careful

management, but by CUttlllg the

turnaround tIme between nce harvest

and wheat plantlllg, they can be a great

boon to farmers"

Thus far, the ConsortIum IS

examllllllg a range of reduced tIllage

systems-as well as some systems that

rotate reduced and conventIOnal tillage

"In low lylllg, poorly drallled areas wIth

heavy sOlis, surface seedlllg may be the

best optIOn slllce It doesn't reqmre any

eqmpment," Hobbs says "In other

areas, we are examllllllg the effect of

vanous tractor-drawn dnlls We are also

testmg a two-wheeled Chlllese dnll that

looks promlslllg and ehmmates the

need to keep a paIr of bullocks Just to

plow the land And we have had some

promlSlng prehmlllary results WIth bed

plantmg systems that have become

popular m MexIco"

Reduced Tillage:

Impact in Nepal

The surface-seedlllg optIOn has

proven so effectIve m parts ofNepal

that fanners are now fine-tumng the

practIces III theIr own fields. "Wet sOlis

that produced about I 5 tons per hectare

under conventIOnal tIllage are

producmg up to 3 0 tons per hectare

under the zero-tillage system," says

Hobbs "Moreover, when one consIders

that tIllage operatIOns account for about

a thIrd of all productIOn costs, the

advantages OfthlS optIOn become even

more ObVIOUS "

NRG Manager Larry Harnngton

adds that, III evaluatlllg these and other

technologIes, hIS staff are particularly

mmdful of sustamablhty Issues "We

don't Just focus on near-term, on-SIte

Impacts," he says. "Our role IS to clanfy

the consequences of vanous alternatIves

across a broad agncultural,

envIronmental, and SOCIal canvas On­

SIte assessments must be balanced

agamst off-SIte assessments at vanous

levels of system hIerarchy Short-term

Impacts must be balanced agamst long­

term Impacts ProdUCtIVIty concerns

must be evaluated alongSIde

envIronmental and ecologIcal

consIderatIOns As we learn more about

these complex mterrelatIOnshlps,

fanners and pohcy-makers become

better eqmpped to make mformed

chOIces about the kmds of systems

they want"
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Smallholder Maize

Systems in Mesoamerica

In Mesoamenca, land degradatIOn,

pnmarlly from eroSIOn, now affects

about 50% ofthe hIllSIde farmland And

the farmers who work these lands are

among those least able to WIthstand

production vaganes and Implement

costly remedIes

The effects of land degradation,

however, are not borne solely by

farmers Runoff from farms and cattle

operatIons has contnbuted to a broad

range of envlfonmental and economIC

problems: contamlllated water, flash

floods, the SIltatIOn of nvers, finanCIal

losses to fish-farmmg llldustnes, and the

compromIsed effiCIency ofhydroelectnc

power plants

Because the area devoted to hIllSIde

mmze IS three tImes the combllled area

devoted to other hlllslde crops,

productIvlty-enhanclllg, resource­

conservmg maIze systems tallored to the

needs of margmal farmers are cruCIal to

addressmg Mesoamenca's food-secunty

and envIronmental problems

The chIef components ofthese

systems are well-estabhshed Fanners

and researchers have long known that

both cover crops and conservatIon

tIllage strategIes can stablhze the land,

reduce runoff, Improve water

lllfiltratIOn, and mcrease SOli orgamc

matter. What has often been

underestImated, however, is the

difficulty oftmlonng these general

strategies to the speCific economiC and

environmental condItIons of marglllal

farmers

CIMMYT works to overcome these

problems With a WIde range of partners

These lllclude the MeXican national



research program. the Programa

RegIOnal de Maiz, CIAT, IFPRI, the

Instltuto Interamencano de Cooperacl6n

para la Agncultura, CATIE, the Instltuto

Centroamencano de Admlm~tracl6n de

Empre~as, thc E~cuela Agricola

Panamencana, and vanous NGOs

Farmer Adoption Studies

One collaboratIVe venture IS helpmg

to clanfy why fanners adopt (or fall to

adopt) new maize technologIes In

MeXICO, NRG statfmember Olaf

Erenstem has shown that

mdlscnmmately promotmg SOIl

conservatIOn measures developed m the

mdustnahzed world often proves

mIsgUIded smce measures such as

conservatIOn tIllage can have

substantIally dIfferent Impltcattons m

the trOPICS For unmechamzed matze­

based systems, confllctmg demands for

crop resIdues are a partIcularly

Important conSIderation

"When resIdues are used as fodder,

the cost ofleavmg them on the field IS

pamfully clear," Erenstem says ''The

land-stabIhzmg benefits tend to be less

so. Before we try to transfer

conservatIOn tIllage systems to these

hIllSIdes, we need to apprecIate the

constramts under whIch fanners labor"

Re~pondmg to that m~lght, maIze

agronoml~t and NRG ~taffmember Enc

Scopel ha~ detennmed that fanners m

Jahsco state. MeXICO. generally have a

~mall ~urplus of resIdues after they fced

theIr ammals-enough to provIde about

2 tons of mulch per hectare TypIcally,

these resIdues have been burned or

Illcorporated "Very few studIes III

tropIcal regIOns have analyzed the

Impact of thIS mmimal level of mulch

on prodUCtIVIty and SOIl mOIsture,"

Scope! says

Scopers prehmmary studIes are

encouragmg "In some dry areas at

least, conservatIOn tIllage practIces that

employ Just 2 tons of mulch per hectare

can have a tremendous effect-m some

cases enabhng fanners to produce 50%

more gram and 30% more bIOmass as

compared to tradItIOnal practIces,"

Scopel says He pomts out. however,

that herbICIdes and specIahzed

eqUIpment WIll be reqUIred If fanners

are to plant through the reSIdues and

aVOId weed problems To obtam and

employ these matenals, many fanners

WIll reqUIre financIal and techmcal

support-Issues that pohcy-makers

need to conSIder carefully

Related work III EI Salvador has

clanfied the confluence oftechmcal,

mstltutlOnal, and economIC factors

related to the WIdespread adoptIOn of

conservatIOn tIllage practIces III the

Guaymango area "Unltke fanners m

other parts of El Salvador, Guaymango

fanners adopted these practIces-and

they dId so for two baSIC reasons," says

Gustavo Sam, a member ofCIMMYT's
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EconomIcs Program and an NRG

as~ocJate "FIrst, the recommended

package combmcd ~otl conservatIOn

componenh and productlvlty­

enhancmg components. thus ensunng

that long-tenn bcnefit~ were not

over~hadowed by ~hort-tenn co~t~

Second. economll and mstltutlOnal

mcentlve~ encouraged the adoptIon of

hath componenb-notJu~t the one

related to productIon"

The Guaymango case also otfers an

excellent example of how mcrea~ed

productIVIty can contnbute to long­

term su~tamablhty In thIS case. the



factors Such mformatlOn proVides

essential baselme data for the

soI! profile descnptIOns, each of which

can be georeferenced to vanous

environmental and SOCIOeconomic

have not been employed These studies

are helpmg researchers develop a time

senes (or chronosequence) for

momtonng system productiVity and

resource qualIty

In work that wIll help to extend these

kmds of findmgs across large regIOns.

NRG staff member Hector Barreto has

developed and digitized a soIl database

usmg mformatIOn from studies

conducted III Honduras over the last 25

years A SOil sCientist Jomtly sponsored

by CIMMYT and CIAT, Barreto pomts

out that the database contams over 600

Assessing Impact

and Scaling Up

deSignated contact farmers were tramed

and then encouraged to form regIOnal

groups mterested m learnmg more about

the new methods Improved practices

were subsequently Implemented on

more than 1,500 hillSide hectares

Although pleased by thiS outcome,

Erenstem pomts out that researchers still

have a lot to learn about farmer-to-

farmer dlssemmatIOn methods "Perhaps

the most Important result of this project

was the opportumty It afforded us to

refine those methods," he says. "We are

now m a better posItion to employ thiS

cost-effective strategy for reachmg large

groups offarmers "

Years
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from depletmg the resource base, the

more productive technology IS actually

helpmg to protect It

mtroductIOn ofhlgh-Yleldmg maize

vanetIes tremendously mcreased stover

production As a consequence, farmers

had more than enough stover to feed

their allimais and so could apply the

additIOnal residues to their fields Far

Percentage of farmers

100---------~

The spread of conservation tillage In

Guaymango, EI Salvador

Targeted Policy Workshops

In EI Salvador and the Sierra de

Santa Marta RegIOn of MexIco,

CIMMYT has orgallized targeted

polIcy workshops that brmg together

local-, regIOnal-, and natIOnal-level

stakeholders to develop a common

vIsion With respect to cruCial

productivity and sustamablhty

problems CIMMYT staff then bUild on

CIMMYT's emphaSIS on mcreasmg

and sustammg productIOn reqUires an

abilIty to mOllitor the long-term Impact

oftechmcal change The problem With

such momtonng, of course, IS that (by

defimtIOn) long penods are reqUired to

obtam results-and farmers and pohcy­

makers often need answers now

CIMMYT and ItS collaborators are

employmg an mnovatIve approach that

may help to circumvent thiS problem

Recogmzmg that many farmers have

already been growmg green manure

chronosequence studies currently bemg

conducted at two sites m Honduras

Smallholder Maize

Systems in Southern Africa

MaIze dommates the smallholder

croppmg systems of southern Afnca

Recent projections suggest that yIelds

must mcrease from 1 I to 2 5 tons per

hectare to meet food needs mto the first

quarter ofthe next century At present,

deciInmg SOli fertilIty prevents such

mcreases m the wetter agroecologles and

this VISIOn, encouragmg coordmated

actIOn to ameliorate problems Targeted

policy workshops wIll become an

mcreasmgly Important component of

the NRG approach

In the Sierra de Santa Marta,

workshop partiCipants deVised a

strategy that IS also becommg an

Important part of the NRG approach

farmer-to-farmer dlssemmatIOn of

unproved practices. In thiS mstance,

cover crops m maize rotations or

employmg conservation tillage

practices, researchers are

companng sustamabilIty

mdlcators m their

fields With mdlcators

m SimIlarly constituted

fields where

resource-

conservmg

practices

IS also a major constraint m semI-and

regIOns

Although Improved germplasm IS

now grown on 33-50% ofAfnca's maIze

area, natIOnal per hectare mcreases m

productiVity have been dlsappomtmg

SOli degradatIOn IS largely responSible

for that dlsappointlnent As populatIOn

has grown, lands have become more

scarce and shlftmg cultivatIOn has

often been replaced by contmuous

, )

l



nutrIent mputs Only about a third of the research, and they encourage

regIOn's maize area receives any technology adoptIOn by workmg closely

80 -------

60 -------

Developmg world
(excludmg SSA)

Sub-Saharan
Afnca (SSA)

o

40

20

Inorganic fertIlizer application rates for
1993 dramatize the need for innovatIve
approaches to solVing sub-Saharan
Africa's SOil fertility problems.

Kg nutnentlha arable land

100 -------

attentIOn IS devoted to combmlllg

orgamc and morgamc nutrIent sources

At present, morgamc fertilIzers are

expensive and not very profitable for

smallholders-espeCIally smce blanket

applIcatIOns are recommended even m

With farmers and NGOs Particular

ExtenSIOn Network to address Just such

compleXities The network Imks

multIdlsclplmary groups m MalaWI,

Zimbabwe, and Kenya Members

conduct baSIC, applIed, and adaptive

morgamc fertilIzer The task of

Improvmg productIVity Without

compromlsmg sustamabllIty has

become so large that no smgle

dlsclplllle can hope to address It

"Improved germplasm alone Will

not meet the challenge," says

maize croppmg Fallows-which

traditIOnally restored soIl fertilIty and

reduced the bUIldup of weeds, msects,

and diseases-are dlsappearmg

NutrIent losses now generally exceed
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options that users can adapt to their own "We need to do more with legumes that

circumstances farmers can plant for food,"

'To halt the downward spiral of SOIl Waddmgton says "And old

fertilIty, farmers also need to lllcrease technologies such as rotatIOns with

gram legumes need to be made more

attractive to farmers"

to help farmer~ obtam these mputs

One such mnovatlOn, workmg well

WIth an NGO m central MalaWI, IS to

the network plans to explore more and

more ofthe~e optIon~

proVide farmers WIth start-up grants

paId mto savmg~ ~cheme~ from WhICh

farmer~ can obtam loans In the future,

Combmmg low rates of orgamc

and lllorgamc lllputS seems a promlSlng

way to mcrease maIze productIVIty, but

mnovatlve mechamsms WIll be needed

the proportIOn of locally produced

orgamc materIals," says Waddmgton

"Legumes offer a way to proVide these

materIals and to capitalIze on the freely

aVaIlable mtrogen m the atmosphere,

but the potentIal of these technologies

IS rarely realIzed m farmers' fields"

How do we change that realIty?

Innovative Approaches

With the Rockefeller FoundatIOn

and national programs, CIMMYT has

orgamzed a SoIl FertilIty Research and

CIMMYT's Steve Waddmgton, an semi-arid areas To change that realIty,

agronomist With the Maize Program and farmers need mformatlOn about what

an NRG associate based m Zimbabwe types ofmorgamc fertIlIzers to apply,

"We must address the complex Issues when to apply them, and what parts of

related to buIldmg-up and mamtammg the field are lIkely to be most

SOIl fertilIty under the mcome responsive Because such mformatlOn

constramts faced by poor farmers" tends to be site speCific, network

members are developmg a menu of



GIS and Modeling

The Network wIll benefit from

CIMMYT's expanded potentIal for

applymg and extendmg research

mformatIOn "To SImplIfy a bIt,

geographIc mformatIOn systems help us

extrapolate across space and modelmg

tools help us extrapolate across time,"

says new NRG staffmember Jeff WhIte

"WIth modelIng, we're trymg to reduce

nsk and Improve research effiCIency

by makmg projectIOns over long

penods WIth GIS, we're trymg to

broaden the Impact of what we learn at

one sIte by extendmg It to other sItes.

One challenge, of course, IS

IdentIfymg the scale we need to

employ for such transfers to be

successful "

"It's not Just a questIOn of

matchmg-up soIl analyses," WhIte

adds "We need to conSIder a whole range

of productIOn vanables That's

complIcated work-but the potentIal

payoffs are enormous"

So too are the consequences of fmlure

"Our technology-development process IS

becommg more attuned to farmers'

needs," Waddmgton says "We must

perSIst m those efforts If we are to prevent

a contmmng dec1me m rural IIvmg

standards across southern AfrIca"
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Fine-Tuning In the YaqUI Valley of northwestern MexIco, a team of

Fertilizer SCientists from CIMMYT, Stanford University and the

Applications to University of California Berkeley IS Investigating what

Raise Wheat may be a Significant but hidden relationship between

Yields and farmers' nitrogen fertilizer applications and stagnating

Protect the wheat Yields, the holes In the ozone layer, and other

Environment environmental phenomena

In an outstanding example of research collaboration, these

sCientists are studying farmers' fertilizer use from three different

perspectives CIMMYT agronomists are focusing on ways to

Improve farmers' fertilizer practices and raise their Yields,

behavioral sCientists from Stanford are studying the

SOCioeconomiC factors that Influence farmers' deCISions regarding

fertilizers, while ecologists from UC Berkeley are concentrating on

measunng gas emiSSions produced by fertilizer applications "This

IS a potential 'win-win' Situation where the results we hope to get

will benefit farmers and the environment alike," explains Ivan

Ortlz-Monasteno, CIMMYT wheat agronomist coordinating the

project In MexIco The project IS being funded mostly by the US

Department of Agnculture

Studies conducted In developed countnes have shown that

nitrogen fertilizer applications tend to Increase atmosphenc levels

of two nltrogen-denved gases nitrous OXide, a greenhouse gas

that also contnbutes to the

destruction of the ozone

layer, and nltnc OXide, which

adds to the unwanted ozone

In heavily populated cilies

and IS an Ingredient In aCid

rain Similar Information on

nitrogen fertl/rzatlon In

developing country

agnculture IS lacking,

although SCientists suspect It

may account for a Significant

amount of these gases present In the atmosphere Finding out

Just how much IS one of the reasons thiS study was undertaken

In the YaqUI Valley, a site representative of nearly half the

wheat growing environments In developing countnes

For the wheat crop to absorb more nitrogen, the timing of

fertl/rzer applications and of Irngatlon IS as Important as the

amounts app/red With thiS In mind, researchers set up an

expenment to compare the typical farmer's practice, In which

most of the fertilizer and one Irngatlon are app/red almost a

month before planting, With an alternative that schedules

nitrogen app/rcatlons and Irngatlon In response to the wheat

plants' needs - at planting and one month afterwards Their

observations suggest that nitrogen IS lost mainly dunng

Irngatlon The water carnes away part of the nitrogen and

tnggers gas emiSSions when It comes Into contact With the

nitrogen "If what we're finding IS true, the farmers' practice

causes a Significant portion of the nitrogen to be lost before the

wheat crop IS even planted," says Ortlz-Monasteno

The expenmental practice produced lower gas emiSSions

and higher wheat Yields, which makes CIMMYT agronomists

feel they are on the nght track for finding a combination of

fertilizer applications, Irngatlon, and timing that Will Improve

farmers' Yields and reduce nitrogen loss Eventually the

practice Will be recommended to local farmers, who mayor

may not adopt It

EI/re Rice, of the Stanford group and predoctoral fellow In

Economics at CIMMYT, IS reviewing CIMMYT Interviews With

farmers from the past 15 years to see If the new practice Will

prove attractive "To the extent that we understand what the

farmers are dOing and why, we can come up With fertl/rzer

practices that are good for the environment and well SUited to

farmers' needs," says Rice Adds Beatnz Avalos, also of the

Stanford group, "Our hope IS that the practices that result In the

highest yields and lowest nitrogen losses Will also be

economically profitable to farmers"





T
hey say you can't get

water from a stone This

well-known admomtlOn

agamst unrealistic expectatIOns

might color the thoughts of many

a farmer m margmal productIOn

zones ofAfrica, ASia, and Latin

Amenca The extraordmary

multIphcatlOn ofhumamty and ItS

demands 10 developmg countnes

have elbowed agriculture mto ever

more forblddmg environments

aCid savannas, tropical forest

margms, steep, eroSIOn prone hillSides, drylands

threatened by creepmg desertIficatIOn, areas where

ramfall may come too lIttle or too late, areas where

mfertIle sOils, lIke a starvmg mother, poorly nurture the

crop Water from a stone.

Burgeonmg populatIOns are also overwhelmmg once

abundant, traditIOnal crop lands, m effect makmg them

more margillal too. PartitIOned and spread among

members of expandmg familIes, the land IS stretched

thmner with each successive generatIOn To squeeze

productiVity out of their holdmgs, farmers practice

llltenslve, multiple cropplllg year round FertilIty drops

and weeds, pathogens, and msect pests flounsh.

There Will be relatively few offenngs from the

pnvate sector to meet the demands for agncultural

technology m such regIOns, where the promise of large

profits or Impacts IS scant Despite the hardship, though,

few farmers choose to abandon their lot - agnculture IS

the only lIfe they know and other sectors 10 their nations

do not yet furnish viable alternatives

In keeplllg with ItS miSSIOn, CIMMYT IS worklllg

with research partners to help address the needs of these

half-forgotten farmers Outputs lllclude hardy, resource

effiCient strams of maize and wheat sUited to the ngors of

marg10al productIOn settmg!>, as well as croppmg

practices that boost yields while preservmg scant natural

resources With fund10g from such long-term supporters

as the Inter-Amencan Development Bank (maize for aCid

soIls) and the Umted NatIOns Development Programme

(maize stress breedmg), we have made great stndes and
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are now workmg with partners

to get useful products to

farmers' fields For many years,

the Canadian InternatIOnal

Development Agency has

financed crop management

research m sub-Saharan Afnca

that has brought, among other

thmgs, slgmficant progress on

methods for controlllllg the

parasitic flowenng plant, Stllga

spp In wheat, stable resistance

to major fungal pathogens and

tolerance to Important stresses such as heat make the

crop even more apt for developmg country farmmg

systems As IS eVident from the reports below, much of

the work we do has strong relevance for sub-Saharan

Afnca, where farmers badly need more productive,

resource savlllg technology

Helping Maize Farmers

Through Dry Spells

Nothmg IS more obvIOUS to people m eastern and

southern AfrIca than the overndmg lllfluence of ram on

the regIOn's economic well-bemg Most dramatically,

after the major drought of 199I-92 some US$800

millIon m food aid was needed to stave off starvatIOn

Export defiCits soared from reduced agncultural

productIOn and many poor ruralmhabltants were

pushed to starvatIOn

Eastern and southern Africa IS not the only regIOn,

though. where maize farmers struggle on lImited

mOisture 'Throughout the developmg world, drought

IS second only to sOllmfertllIty as a constramt to maize

plOductlOn, and probably reduces yields overall by

more than 15% yearly," says CIMMYT maize

phYSIOlogist Gregory Edmeades "ThiS represents

annual losses m excess of 20 mllhon tons ofgram"

To help farmers capture thiS foregone prodUCtiVity,

Edmeades and his colleagues found a Simple yardstick

for IdentIfymg and Improvlllg drought tolerance m

maize In essence, they showed that mid-season

drought tends to lllcrease the number of days between



18

6 7 8 9
Canopy temperature depreSSion (0C)

2 -----;.;i,~~""-------

1 r.---~---~----.

Wheat for the Subtropics:

Cool Heads Prevail under

Heat Stress

Keepmg a cool head has big

advantages, not only m humans, but m

wheat as well In places where

temperatures may reach 35-40° C, only

wheats that manage to keep their

'heads' (canopies) cool produce good

yields "After five years of observmg

3 --------:J'-'-------

Yield (tlha)

5------------

ASSOCiation between CTO and yield of

sister hnes (Sen 82/Slete Cerros) III

Tlaltlzapan, MeXICO (average for two
cycles)

low yields In an even larger expanse m

South ASIa, where wheat IS often

products Today over 7 mllhon ha of

wheat In about 50 countries IS grown

under contmual heat stress, often With

establIsh SUItable selectIOn sites and

speed progress, we are helpmg to set up

a drought and low-mtrogen tolerance

breedmg network for eastern and

southern AfrIca, and Will work With

I1TA and eXlstmg networks m West and

Central Afnca Network sCientIsts

throughout each regIOn Will work

collaboratlVely, shanng seed and

mformatIon "There IS no overstatmg

the Importance of this for subSistence wheat's reactIOn to heat, we can

help local breeders lffiprove leadmg

maIze cultlvars from the regIOn for

drought and low-mtrogen tolerance To

foster the best use of resources and

maize farmers m AfrIca," Edmeades confidently say that a cooler canopy

says "Their yields typically hover leads to hIgher yield," says Matthew

around one ton per hectare they and Reynolds, CIMMYT phYSIologist and

theIr famI1le~ have ab~olutely no margm leader of a project focu~mg on

for crop faIlure " Added help for the devclopmg methods for selectmg heat

above ImtIatlves IS forthcommg m the tolerant wheat Funds for the project

form of DNA marker-as~lsted~electlOn werc proVided by the Umted

techmques for drought and low-mtrogen Kmgdom's Overseas Development

tolerance m maize Agency (ODA)

Whcat, normally a temperate crop,

has been movmg mto hot, subtropIcal

enVIronments, where people's n&lng

mcome~ and changmg tastes have

mcreased the demand for wheat
The tag tells the story for these ears from a

drought tolerant line of maize grown under

dry conditions Male flowering (anthesls)

occurred 88 days after plantmg, the female
flowers (Silks) appeared only one day later
Such a brief anthesls-sllkmg mterval (ASI)
IS what breeders aim for when Improvmg
maize yields under drought

mcrease maIze yields by half under

male and female flowerIng, known mamtammg controlled stress levels IS

formally as anthesls-sllkmg mterval dIfficult for many maIze research

(ASI), and that thIS effect was tIed to programs m developmg countrIes, gIven

the dramatic loss m productivity under their resource constramts "

dry conditIOns dUrIng flowenng So, With fundmg from the Dmted

Capltahzmg on the correlatIOn, they Nations Development Programme

developed a methodology for (UNDP) and SWISS Development

Improvmg the drought tolerance of CooperatIOn (SDC), CIMMYT IS

maIze by selectmg under dry conditIons begmmng Jomt research wIth natIOnal

for reduced ASI The technique can programs m sub-Saharan Afnca to

severe, Illld-to-late season drought. A

valuable spm-offwas the more recent

discovery that selectmg for reduced

ASI also Improves the performance of

maIZe under low mtrogen conditIons

The methodology IS relatively easy

and does not reqUIre speCial eqUIpment

"Breeders need only measure Yield,

ASI, and a few related secondary traits

under umform drought or low mtrogen

conditIOns," Edmeades says

"Nonetheless, estabhshmg and



planted late (after nce), damage

inflicted by heat dunng cntlcal phases

of the crop's development notably

reduces yields Recogmzlng the need

for wheat vanetles that yield reasonably

well In those harsh environments.

CIMMYT bleeders have been focusing

on ImplOvlng heat tolerance ~lnce

the 1980s

Selecting for heat tolerance m the

field I~ dIfficult Up to now, breeders

have had to rely on measunng final

yIeld under stress But yield IS not a

good mdlcator of how well wheat

tolerates heat, so a more rehable one

was needed Reflectmg the close

col1aboratlOn between wheat breedmg

and physIology at CIMMYT,

physIOlogIsts went to work on testmg

several traIts that mIght be used to

gUIde selectIOn

One hkely candIdate was the ablhty

of some wheats to keep then canopIes

cooler than the surroundmg air (a

phenomenon called canopy temperature

depressIOn, or CTD) Imtlal studIes

revealed that CTD IS closely assocIated

wIth YIeld, the fact that It can be

measured qUIckly and easJly wIth an

mfra-red thermometer made It doubly

attractive "Other phySIOlogIcal traIts

are measured on mdlvldualleaves, one

by one," explams Reynolds "But the

Infra-red 'gun' reads the temperature of

scores of leaves at once, In a matter of

seconds, and gIves more precIse

readmgs"

Researchers tested the CTD-yJeld

connectIOn under hot, Imgated

condItIOns at CIMMYT's expenment

station m Tlaltlzapan, MeXICO, and m

such countnes as Sudan, IndIa, BraZIl,

Bangladesh, and Nlgena, where wheat

IS cropped under slmJlar condItIOns

Results confirmed that CTD IS

pOSItively correlated to yIeld and could

serve as a powerful breedmg tool m heat

stressed sItes al1 over the world

"Thanks to the cooperatIOn of natIOnal

research programs, our findmgs are

truly representative of wheat growmg

envIronments worldWIde," emphaSIzes

Reynolds

Breeders hope the new techmque

WIll be useful In Improving other traIts

beSIdes heat tolerance~for example, to

mcrease wheat's genetic yIeld potential

"CTD IS probably a good indIcator of

hIgher yIeld m all kmds of
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envIronments, not Just hot ones," says

Maarten van Gmkel, head of bread

wheat breedmg at CIMMYT "If so, It

could help us breed vanetles that yIeld

even more than our current ones ThIS

would benefit farmers m developmg

countnes whose yIeld mcreases aren't

keepmg pace wIth populatIOn growth"

Fighting Witchweed's

Spell in Sub-Saharan Africa
\

To farmers m sub-Saharan AfrIca,

the term "wltchweed," used popularly

for the parasItic flowenng plant Strzga

spp , IS certamly no mIsnomer The

parasIte IS one of the foremost

bIOlogICal constraints to food

productIOn In the regIOn, and sorcery

mIght well be mvoked as an explanatIOn

for the WIdespread damage It causes

Wltchweed mfests an estImated gram

growing area of 21 mllhon hectares III

Afnca, resultmg III annual yIeld losses

calculated at 4 I mllhon tons In

northern Ghana alone, wItchweed

attacked maIze on more than 40% of the

regIOn's 134,000-ha maIze area m 1988,



several years to develop simple and delay attachment and kIll the Stnga, and

mexpenslve ways to break wltchweed's by Improvmg SOIl fertilIty "ThiS pest

spell. It turns out that there are no easy occurs tn vaned agroecologles and

solutIOns, but they have discovered that farmmg systems tn the regIOn:' Ransom

Stnga pnmanly affects small-scale says, "So our research partlIers need to

fanners With lImited resources, so test and adapt control measures locally"

mtegrated control strategies are Ransom has been promotmg Stnga

reqUired Ransom talks about three controlm vanous ways beSIdes

pnmary components for control collaboratIVe research For example,

contamment, reducmg seed banks, and With fundmg from the Canadian

mamtammg or mcreasmg fann InternatIOnal Development Agency and

prodUctlVlty Contamment Simply means diverse supporters, he orgamzed the 5th

USIng clean seed and fann Implements InternatIOnal SympOSIUm of ParaSItiC

Reducmg Stnga seed banks, m contrast, Weeds III NaIrobi, Kenya, and

Seeds of Striga spp (center) appear

dustlike in companson with those of

maize (above) and sorghum. A smgle

stalk of this parasitic weed can

produce tens of thousands of seeds,

making containment of Striga

difficult

may mvolve several steps. One IS to

prevent reproductIOn through hand­

weedmg and herbiCIdes Another IS

essentIally trIckmg Stnga mto SUICIde

by plantmg "trap crops" - false hosts

that trIgger ItS gennmatlOn but resist ItS

coordInated productIOn of the related

proceedmgs Ransom IS also actIve m

educatmg colleagues and deCISIOn

makers about the seriousness of Stnga

"We are talkIng here about one of the

most Intractable pests of maize In sub-

reducmg yIelds as much as 16% and

the value of the crop by some US$4.5

mIllIon. Kenya has suffered SImIlarly

catastrophIc crop losses to Strlga m the

current decade.

The modus operandI of thIS

paraSItIc plant makes It notonously

dIfficult to control. Early m ItS lIfe

cycle, the seedlmg attaches to the roots

of a potentIal host and siphons off

water and nutrIents Worst of all, It

pOIsons ItS VIctIm, often leavmg a

~tunted and barren plant. "By the tIme

Stllga emerges ahove ground,

con-;Iderahle damdge ha~ already heen

wrought upon the crop." ~ay~ Joel

Rdn~om, CIMMYT mmze agronoml~t

m ea~tcrn Afnca "Thl~ means that

farmers can't really control It through

the traditIonal approach of\\-eedmg"

Rdnsom dnd hiS colleague~ m the

regIOn have been collaboratmg for

attacks A partIcularly effectIve trap crop Saharan Africa," he says

IS the fast grOWIng legurnmous tree, To help small-scale maize fanners

Sesbanza sesban, also known to enhance hold the Ime on Strlga m the future,

SOli fertIlity when used as part of a CIMMYT WIll begin work In a project

managed fallow FInally, productIVity InvolVIng the Umverslty of Hohenhelm,

can be Improved by USIng reSIstant Gennany, the Kenya Agncultural

cultIvars or non-host crops, by bathmg Research InstItute (KARl), the

herbiCide-resistant seed In herbiCIdes to Rockefeller FoundatIon, and our SIster

Lovely and lethal, the parasitiC flowermg plant Stnga attaches to the roots of cereal

crops, sapping nutnents and pOIsoning hosts with a potent phytotoxm ThiS Kenyan

maize field has been overrun by Striga hermonthica.
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experimental vanetIes for specIfic

regions In sub-Saharan AfrIca, for

example, thIS Illcludes developmg

maIze that possesses resIstance to both

streak VIruS and major msect pests The

approach will be expanded m the

future, WIth the help of new genetIc

resources and technIques supplIed by

the CIMMYT ABC. Fmally, to ensure

the relevance and profitabIlIty of new

technology for crop and natural

resource management m margInal

enVIronments, researchers WIll draw

heavIly on contrIbutIOns from the areas

of SOCIal SCIence, crop modelIng, and

geographIC mformatIOn systems.

Toward the Future

increase maIze productIVIty m AfrIca,"

Ransom says, "but wIll Improve the lot

ofpoor farmers, who are the hardest hIt

by the pest."

To develop resIstance sources and

breedmg and crop management

research methodologIes for stress,

work mltIally focused on mdlvldual

traIts But crop productIOn constramts

rarely occur m IsolatIOn, and

mteractIOns among them can multIply

damagmg effects Thus, m recent years

CIMMYT has worked mcreasmgly on

combmmg two or more traIts m elite

Untreated
seed

Imazapyr
treated seed

Using herbicides to coat herblcide­

resistant maize seed before sowing
helps control Striga

Yield (g/plot)

600- --

,
200-

center, IITA, to develop and

dlssemmate Stnga resIstant maIze

vanetIes and hybnds usmg

conventIOnal and DNA-based

approaches Efforts will capItalIze on

the recent IdentIficatIOn at IITA of

resIstant maIze lllles, the genomes of

whIch the CIMMYT biotech staffwill

help map m hopes of applymg DNA

marker aSSIsted selectIOn to transfer

resIstance to a range of maIze for sub­

Saharan Afnca Also, gIven the

dIscovery of wltchweed resIstance m

maIze's grassy relatIves, teosmte and

Tnpsacum. CIMMYT wIll proVIde

seed of these WIld specIes for screenmg

and WIll develop mapplllg populatIOns

for any new resIstance genes found

wlthm eIther specIes. Fmally, Ransom

and hIS research partners III eastern

AfrIca WIll conduct field evaluatIOns

for Strzga resIstance III expenmental

products from the above actIvItIes

"ControllIng Stnga wIll not only
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C1 C2 C3 C4 C5 C6 malze As descnbed m the sectIOn

S
mce 1990, CIMMYT's Applied

BIOteclmo10gy Center (ABC)

has been workmg with breeders

and others to develop and apply molecular

selectIOn techmques for Improvmg maize

and wheat and, more recently, to utlhze

desirable genes from orgamsms with

which the crops cannot mtermate A hst of

the CIMMYT research areas where

marker-based teclmlques are bemg used

reads like a descnptIOn of key crop

productIOn concerns m wheat, there IS

work on vernahzahon and photopenod,

durable resistance to rust and barley

yellow dwarf ViruS, and tolerance to

alummum, m maize, efforts cover

drought, aCid sOli, and low-mtrogen

Selection for drought tolerance

In maize uSing molecular

markers will target genes

associated with anthesis­

silklng Interval (ASI) and yield.

ThiS will be easier In cases like

the one shown here, where the

same genome regions are

linked to ASI and a yield-related

secondary trait such as gram

weight

"Research for Margmal Areas,"

conventIOnal selectIOn for short ASI under

drought Significantly Improves malze

yields m droughted fields, and does not

adversely affect yields m favorable

settmgs. "The problem IS that conventIOnal

breedmg for drought takes about eight

years and must be done under carefully

controlled conditIOns," says molecular

geneticist Jean Marcel Rlbaut

This year, though, Rlbaut and hiS

colleagues tested an approach that should

cut the development hme for drought

tolerant maize m half, as well as

subshruhng laboratory selectIOn for much

of the fieldwork. The method alternates

tolerance, as well as resistance to msect pests and use of an older type of marker, restnctIOn fragment

pathogens such as malze streak ViruS, malze mOZalC length polymorphlsms (RFLPs), with newer types known

complex, and Fusarium spp Markers are also bemg used to as sequence tagged sites (STSs) and Simple sequence

further our understandmg of the ongms and evolutIOn of repeats (SSRs) To lay the groundwork, the researchers

malze and to obtam and apply apomixIs Fmally, drawmg used RFLPs to map the malze genome and Idenhfy major

on expertise m tissue culrure, genetic engmeenng, and genes assOCiated with short ASI. They then developed

molecular bIOlogy, ABC staff have successfully expenmental populatIOns by crossmg a short-ASI malze

transformed tropical malze and wheat with genes from hne of average agronomic charactenstlcs with an ehte

other organisms hne that has a long ASI

Commg thiS far has not been as easy or as fast as some "This IS a typical breedmg scenario, and normally

first Imagmed But, whatever the dIfficulhes, leadmg you would select m the field for progeny that show both

research mshrutes worldwide contmue to push the biotech short ASI under stress conditIOns and the supenor traits

fronher forward, plant breedmg's future, as ItS past, IS of the ehte parent," Rlbaut says "In the lab, though, you

anchored m the genome don't have to Walt hll plants marure or place them under

stress, you Simply select for ASI and other yield-related

Marker Assisted Selection: Methodologies markers, usmg DNA samples from plantlets." At one

and Drought Tolerant Maize pomt midway through therr work, the group needed to

Among the most promlSlng tools of bIOtechnology are run marker tests on 2,200 plants "ThiS would have been

molecular markers, DNA signposts whIch allow near-direct hard usmg RFLPs, which are relahvely labonous,"

selectIOn for traIts of Interest In tandem wIth conventIOnal Rlbaut explaIns. "So we dId a preselection USIng the new

field work, marker aSSisted selectIOn (MAS) could markers In three weeks we IdentIfied 250 promisIng

conSiderably expedite breedIng for certam genetIcally progeny" From thIs subset, a handful ofplants that meet

complex traIts CIMMYT molecular genetIcIsts and the reqUirements Will be chosen usmg RFLPs once agam.

bIOmetnclans have been collaborating With breeders over After one more molecular culhng, breeders Will be given

the last year or so to develop a workable MAS scheme the few chOIce plants that remam "These may reqUire a

Their srudles Illvolve anthesls-sI1kIllg mterval (ASI) - the cycle or two of work," Rlbaut says, "but that's nothmg

number of days between male and female flowenng III compared to the labor ofthe conventIOnal approach"
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Leaves of maize endowed with St-based insect resistance (right) show the power

of genetic transformation.

Genetic Transformation:

From Biolistics to

Agrobacterium

Dunng 1995-96, ABC staff

achieved their first successful genetic

transformatIOns of tropical maize and

wheat In maize, they mserted and

obtamed expressIOn of a gene from a

common soil bactenum, Baczllus

thurmglenszs (Bt), that makes the plants

resistant to maize borers. "Eventually,

CIMMYT will be able to offer tropical

maize cultlVars which possess both Bt­

based resistance and resistance

developed through our conventIOnal

breedmg efforts here," says Natasha

Bohorova, head ofthe ABC's genetic

engmeenng lab "Those matenals will

serve as a cornerstone for mtegrated

pest management m developmg

countnes, making maize farmmg more

productive and sustamable " The work

IS far from finished, though Among

other thmgs, ABC and maize staff still

need to study the mhentance of the

transgene, ItS stability, and ItS

expressIOn m different maize plant

tissues In wheat, Bohorova's group

mserted transformatIOn "tester" genes,

m preparatIOn for later transfemng

genes for fungal resistance and other

useful traits

InsertIOn of the novel genes m both

crops was accomplished usmg a "gene

gun" - a deVice that propels DNA­

coated dust mto target cells on bursts of

pressunzed gas However, lookmg to

the future, ABC staff are begmmng

expenments with a recently reported

technique m which new DNA segments

are carried mto cells by Agrobactenum

'The method seems to have several

advantages over blOlistIcs, both for us

and for researchers m developmg

countnes," explams DaVid HOIsmgton,

ABC head "First, It IS more effiCient at

achlevmg stable msertlOns, second, It

allows msertlOn oflarger or multiple

genes, and finally, the technology IS

much simpler"

Progress in Research

on Apomixis

ApomiXIS - asexual reproduction

through the seed - results m plants that

are exact clones ofthe mother plant

Havmg apomICtic versIOns of Improved

vanetles and hybnds would mean that

maize growers could replant seed from

thelf own harvests each year and still

Maize Tripsacum

X~ '.'.'._26Chromosom~s 72 chromosomes, •

F1 46=10M+36Tr' ,

The ORSTOM-CIMMYT researchers'

scheme for obtainmg apomictic maize.

First, maize and apomictic Tnpsacum are

crossed Selected hybrids (F1) are crossed

back to maize Selected progeny from that

step (BC1) are crossed back to maize again,

and so on for successive backcross (BC)

generations Each time the size of the

Tnpsacum genetic contribution IS reduced

Researchers use advanced techniques to

ensure that the progeny selected at each step

are those whose Tnpsacum complements

contain the apomiXIS gene The ORSTOM­

CIMMYT team has reached BC4 - a largely

maize-like plant - and estimate they are one

or two steps from success

mamtam high Yields, mstead of having

to purchase fresh seed The pOSSible

ImplicatIOns for farmers m developmg

countnes - most of whom cannot

afford or obtam commercial seed - are

nothmg short of revolutIOnary

SCientists from the French NatIOnal

Research Institute for Development

CooperatIOn (ORSTOM) workmg at

CIMMYT have been on the trail of

apomixIs smce 1990, attemptmg to

transfer It to maize from a grassy

relatIvc of that crop known as

Trzpsacum In 1995 the group achieved

another milestone m that effort,

generatmg several plants that closely

resemble maize but reproduce

apomictically (see figure) The

researchers Identified the apomlcts

usmg advanced cytogenetic and

molecular techniques "Our methods
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had to be effiCIent," says Yves Savldan,

head of the ORSTOM-CIMMYT team,

"because over five years we tested

about 150,000 plants'" The new

apomlcts will be crossed with maize yet

agam, and Savldan and his group will

comb the progeny for asexually

reproducmg maize, a process that

should take two years

Smce they began thiS crossmg and

sIfhng scheme, bIOtechnology has

advanced rapidly and the resultmg

wealth of molecular tools also holds

promIse for apomixIs transfer "We are

explonng other avenues for analyzmg

and directly manlpulatmg the genes

mvolved, with the Idea of eventually

usmg apomixIs m a range of crops,"

Savldan says "Right now we don't

know how large the genome segment

controllmg apomixIs IS, but It tends to

be transmItted as a cluster, rather than

re-assortmg Itself as sometimes occurs

from one generatIOn to the next III

reproductIOn, and thiS IS an advantage"

Wrestling With thorny research

Issues IS nothmg new for Savldan and

hiS team Smce begmnmg the apomixIs

project, they have progressed through a

seemmg maze of challenges, bnngmg

new answers to several old questions

along the way One example was the

puzzle of why apomixIs eXists m the

wild only m polyplOids - plants With

chromosome sets m multiples greater

than two - and never m diplOids lIke

maize. Their studIes showed that the

explanatIOn lIes m a natural bamer to

apomixIs transmiSSIOn through haplOid

gametes, the reproductive cells of

diplOid orgamsms They then found a

way around thiS stumblmg block,

makmg It conceivable to transfer

apoIlllxls to maize

"Past reports on apomixIs have

conveyed strong optimism, and the

The flower of the Tripsacum plant.

optimism remams," DaVid HOIsmgton

says "But we realIze thiS IS a long-tenn

process that reqUires concerted effort

and the use ofboth conventional and

molecular methods Whatever It takes,

we have the qualified SCientists, the

tools, and the resources - the potential

payoff for poor fanners IS too great not

to pursue thiS work."

CIMMYT "We arrived With many questions We leave With many answers" Thus began a thank-you note Signed by the 18

Biotech participants In the course "Molecular Marker Applications to Plant Breeding," held In December, 1995 The first-ever of ItS

Course: From kind offered by CIMMYT, the course proVided an mtroductlon to plant genome analySIS and ItS application to plant breeding

Cutting-Edge problems In maize and wheat

Research to The profeSSional background of partiCipants ranged from conventional breeding, With no prior practice In molecular

Applied techniques, to extensive laboratory experience With DNA markers They came from 13 countries In ASia, Africa, Eastern

Breeding Europe, Latin America, and North America All expressed admiration at the quality and organization of the course, which

mixed classroom lectures, extensive lab practice, and long sessions of data analySIS on the computer The frUits of their labors Included

directly applicable skills In the Isolation, digestion, electrophoresIs and transfer of DNA to blots, In the non-radioactive marker

techniques used at CIMMYT, In the generation of PCR-based markers, In bacterial transformation, and

In plasmid preparation Course members also learned how to enter and verify molecular genetic data In

the computer, produce genetic maps, and perform quantitative trait lOCI analyses With different

statistical tools As a detailed reference for all they studied, they received a 200-page manual

documenting terminology, protocols, statistical techniques, and other areas of course content

"We plan to offer another course on marker applications In late 1996 and are looking to develop a

Similar course on maize and wheat transformation," says DaVid HOISington, head of CIMMYT's Applied

Biotechnology Center (ABC) "A key function of the ABC IS to help bridge the gap between cutting-edge

research In the IndustrialiZed world and applied breeding In the countries we serve" The 1995 event

was sponsored by the International Trltlceae Mapping Initiative (ITMI) - a consortium which promotes

collaboration among researchers - as well as by Pioneer HI-Bred International, Inc, and CIMMYT
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n September 1996 CIMMYT maugurated the

Wellhausen-Anderson Plant Genetic Resources

Center, bUilt to replace our outdated 24-year-old

germplasm bank The state-of-the-art facIlity, funded m

part by the Japanese Government, has a storage

capacity of 450,000 seed samples - roughly three

times our current collectIOns - and Signals

CIMMYT's contmued commitment to the preservation

and use of maize and wheat genetic resources for the

benefit of humamty

The facility IS fittillgly named ill memory of two

researchers who made gigantic contnbutlOns to both

alms As a staff member of a Rockefeller FoundatlOn-

MexIco collaborative breedillg program m the 1940­

50s, Edwm J Wellhausen coordmated and took part ill

the systematic collectIOn and preservatIOn of native

Mesoamencan maize germplasm agamst the day of ItS

pOSSible replacement or extinctIOn He later served as

CIMMYT's first director general Glenn Anderson,

who died m 1981, IS fondly remembered by many

CIMMYT staff and researchers worldwide for hiS

ullique blend of talents as a wheat sCientist, teacher,

research admllllstrator, and msplflng leader He was

Illstrumental m the Green RevolutIOn that changed

world agnculture forever The followmg reports

descnbe efforts which carry forward the torch lit by

these two VlSlonanes, who were well ahead of their

time m comprehendmg and applymg the power of crop

genetic resources and helpmg ensure that future

generatIOns might do the same

Rescuing an Invaluable Seed Heritage

In IDld-1996 the prmclpal mvestlgators ofthe Latin

Amenca Maize Project (LAMP) and the Maize

RegeneratIOn Project met at CIMMYT to reVIew four

years of collaborative work to regenerate maize

landrace collectIOns threatened by poor germmatlOn or

low seed supplies Some 7,000 seed samples - nearly

a quarter ofthe total collectIOns m the regIOn's

genebanks - were renewed through the Jomt efforts of

CIMMYT and genebanks of 14 Latin Arnencan

nations The seed, much of which no longer eXists III

farmers' fields, IS now aVailable for use by sCientists
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throughout the world Back-up samples are m long­

term storage at CIMMYT and the USDA NatIOnal Seed

Storage Laboratory (NSSL) Datasets from the landrace

regeneration plantmgs are bemg made aVailable to all

project cooperators The effort was funded by USAID

through Project Noah and by NSSL

Participants m LAMP evaluated over 12,000 Latin

Amencan maize landrace collections, 270 of the best

were selected for further testmg and analySIS In

addition, 50 tropical and temperate elite LAMP

accessIOns are bemg used to add dtverslty to US maize

ThiS work was funded by PIOneer HI-Bred, With

admllllstratIve support from the USDA Agncultural

Research Service The Arnencan Seed Trade

ASSOCiatIOn financed the meetmgs

In Situ Insights

CIMMYT post-doctoral fellow Domllllque Louette

IS workmg to bnng realistic perspectives to diSCUSSIOns

on the In SItu conservatIOn of maize landraces Her PhD

research, a three-year case study m the Cuzalapa

watershed along MeXICO's Pacific Coast, used

agronomic and genetic tools to examme relatIOnships

between traditIOnal farmmg systems and maize genetic

diverSity "Results suggest that mdtgenous systems may



be far more open and dynamIc than IS

commonly Imagmed," she says More

specIfically, her work questIOns the

relevance of models that would "freeze

the genetIc landscape" under the

sUpposItIOn that conservatIOn and

development are mcompatlble

Louette's findmgs pomt to more

hopeful - and conSIderably more

challengmg - realIties

"MaIze vanetles m the Cuzalapa

watershed change m composItIon over

tIme," Louette says "A small group of

local landraces dommates the area, but

fanners also plant a successIOn of

foreIgn vanetles - sometImes from

qUIte dIstant ongms " These varieties

tend not to replace local cultlvars,

Louette says, but to complement them,

satlsf)rmg unmet needs or occupymg a

mche that has not yet been explOIted

What Impact does thIS mflux have on

genetic dIverSIty? "In Cuzalapa, about

15% ofthe maIZe area IS planted to

foreign vanetles," Louette says. "At

that level of mtroductlOn, foreign

matenal tends to be a source of

phenotypiC dIverSIty rather than a cause

of genetic erosIOn "

In her current work, Louette is

lookIng more closely at gene flows

between mtroduced and local vanetles,

as well as the Impact of fanner seed­

selectIOn practices on those flows

Identlf)rmg the cntlcal values of factors

that affect genetic erosIOn Will be

difficult, Louette pomts out, particularly

If other mdJgenous systems are as

dynaffilc as those m Cuzalapa What

seems clear, however, IS tlJat there IS no

simple eqUIvalence between the

mtroductlOn of new vanetles and the

loss of genetic diverSity

A related concluSIOn came m 1995

from a group of 20 MeXican sCientists

and foreign specmhsts who gathered at

CIMMYT for a forum entitled "Malze-

Teosmte and Maize-Maize Gene Flow

ImphcatlOns for Transgemc Maize"

The event was orgamzed Jomtly by the

MeXican National Institute of

Forestry, Agnculture and

Livestock Research (lNIFAP), the

MeXican NatIOnal Agncultural

BlOsafety Committee (CNBA), and

CIMMYT Among other outcomes,

must have a central role m preservmg

and selectmg then own matenals, If the

m-slfu conservatIOn of maize genetIc

resources IS gomg to work

Fmally, CIMMYT IS developmg a

proposal for a project entitled

"Conservmg MaIze DIverSIty m

MeXICO A Fanner-SCIentist

Collaborative Approach" Among other

thmgs, the project Will test the

hypotheSIS that selective breedmg of

landraces while preservmg theIr

dlstmctlve local traits Will mcrease the

hkehhood that fanners Will mamtam

the diverSity of the maize they grow

Wheat Information

Systems: Bringing Sense

to Seed Collections

Someone once said that gennplasm

Without mfonnatlOn IS Just a pile of

seed Indeed, unless somethlllg IS

known about certalll baSIC traits,

gennplasm bank seed collectIOns

cannot be used effectively to Improve

crops On occaSIOn, useful collections

may not even be known to plant

breeders ThiS can happen because

breeders have followed different

systems for namlllg wheat hnes As a

result, some wheats have several

names, or several different wheats may

share the same name To comphcate

matters even more, mfonnatlOn on a

given wheat may have accumulated m

numerous venues scattered worldWide

Two closely hnked CIMMYT

mltlatlves have addressed the problem

of makmg mfonnatlOn on bread wheat,

durum wheat, and tntlcale gennplasm

easy to access One IS the International

Wheat IdentificatIOn System (IWIS), a

database management tool that helps



lmk useful mformatlOn from dIfferent

sources By asslgmng each wheat a

umque Identifier, IWIS ehmmates the

traditional confusion associated with

names WIth this Identifier, breeder~,

genebank curator~, phYSlOloglst~, and

cereal chemists can pmpomt a

particular wheat, trace ItS family tree,

and access relevant mformatlOn IWIS

runs on a PC and IS avaIlable on CO­

RaM Development of the tool was

supported by Austraha (GRDC),

Canada (CIDA, Agnculture and Agn­

Food Canada), Denmark (DANIDA),

the Netherlands (the MIlllStry of

Development CooperatIOn), and the

USA (USDA)

Another product that should brmg

wheat seed closer to mterested users IS

the Genetic Resources InformatIOn

Package (GRIP), a system for lInkmg

the IdentIfiers used m IWIS to other

claSSificatIOn systems Because It was

developed by CIMMYT m

collaboratIOn with countnes such as

AustralIa, USA, Canada, India, RUSSia,

Aegilops neglecta, a Wild relative of wheat

and Chma, to name Just a few, GRIP has

achieved a degree of standardizatIOn m

nomenclature unprecedented mother

crops The GRIP I package was

deSigned by staff managmg the

Austrahan Wmter Cereals CollectIOn

and IS avaIlable on diskette for PC It

contams the names, pedigrees,

abbreViations, and blbhographles of

more than 100,000 wheats. Funds for ItS

development were provided by the

Australian Centre for InternatIOnal

Agncultural Research and Australia's

Department of Industry, SCience, and

Technology

IWIS gave nse to a collaborative

project between CIMMYT and other

CGIAR centers to develop the

InternatIOnal Crop InformatIOn System

(ICIS), a data management structure

based on the IWIS model ICIS IS

expected to enhance data management

for wheat and a Wide range of crops

Global An agreement Signed between the CGIAR centers and FAO In 1994 calls for the deSignation of speCific

Arrangements accessions to be Included In collections held "In trust" ThiS means long-term conservation for the benefit of

Hail a New the international community and exemption from Intellectual property protection

Era of All CIMMYT maize germplasm bank accessions except those

Conservation defined as varieties are stored under the auspices of FAO as "In trust"

collections Maize bank accessions from other Institutions Will also be held In trust, as

Will elIte CIMMYT-derlved germplasm placed under long-term storage In our bank

With regard to wheat and related speCies, CIMMYT stores only bread wheat

(Tnt/cum aest/vum L ) and triticale (X Tnt/cosecale Wittmack) In trust Of these, we

aim to store all old and new cultlvars, landraces, and genetic stocks, proVided they

are not under protection as Intellectual property In addition, we Will place In trust

useful CIMMYT-derlved advanced lInes Identified from international trials
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R
Ch country or poor, we all and the fonnat they offer for

must - and we all do - partIcIpants' mput are rela11vely

contrIbute to global sImple and largely mfonnal - few

agrIcultural research and agreements have been sIgned or

development," says R B Smgh, proposals wntten, only letters

DIrector of the Indian Agncultural between CIMMYT and partIcIpants

Research Ins11tute Smgh's statement to announce or request seed and

eloquently defines CIMMYT's VIew report results PartIcIpants have come

of ItS growmg partnershIps WIth almost exclUSIvely from the

natIOnal agncultural research systems dlsclphnes of plant breedmg and

m developmg countrIes. The agronomy

tremendous challenges presented by This sItuatIOn has changed

poverty, envIronmental degradatIon, and populatIOn dramatIcally over the years, as natIOnal systems and

growth are far too great for anyone ms11tutIOn to CIMMYT have matured and our awareness of the

overcome Nor can anyone mstltute afford to duplIcate compleXItIes of agncultural development has

the efforts of others CIMMYT IS re-dedicatIng Itself to sharpened. Improved, resource effiCIent maize and

partnershIps aImed at helpIng the poor, conservmg wheat vane11es are s11ll seen as VItal to ImproVIng

natural resources, and mcreasIng global food secunty produc11vlty But concerns about bIOdIversIty, the

As part of ItS renewed commItment, the center IS effiCIent use ofnatural resources m maize and wheat

explormg alterna11ve fonns of cooperatIOn farmIng systems, and eqUlty In gender and mternatIOnal

relatIOns are now mcluded m our thmkIng on

Networks: An Evolving Concept productlVlty BUlldmg on the foundatIOns of ItS

Networks - arrangements through whIch gennplasm testmg networks and m-servlce trammg

researchers and others mvolved m agncultural alumnI, CIMMYT has gradually entered mto complex

development share knowledge and products - partnershIps mvolvmg a range of orgamzatIOns and

constitute one approach for lmkmg natIOnal systems, dlsclplmes and reflectmg the above concerns

non-government orgamzatIOns (NGOs), advanced The Center s1111 proVIdes recognIzed leadershIp m

research mstltutes, and mternatIOnal centers to solve techmcal areas, but we now regularly seek the

the complex problems facmg fanners m developmg expertIse of na110nal systems and others to set shared

countrIes Indeed, such cooperatIOn has been central to research dIrectIOns Just such a consultatIOn took place

CIMMYT achIevements smce the Center's mceptIOn m mld-1996 as part ofCIMMYT's efforts to develop a

An example? For three decades the Center has shIpped new medmm-tenn plan The spmt of partIcIpatory

Its top expenmental wheat and maize hnes to hundreds declslon-makmg also suffuses recent regIOnal

of cooperators each year for testmg m scores of partnerships, fostenng the commitment and efficacy of

countnes worldWide The cooperators keep the best all mvolved The followmg highlights exemplify our

perfonners for their own breedmg programs and mterest m workmg effectively With a range of partners

CIMMYT receIves cruCIal feedback for Improvmg ItS to help developmg country fanners and consumers

products These dIstrIbutIOn and testmg networks have

contrIbuted SIgnIficantly to the Impact of CIMMYT

gennplasm, whIch m modIfied fonn covers fully

seven-tenths of developmg country wheat lands and IS

an Important component m maIze research programs

throughout the developmg world Yet these networks
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The Regional Maize Program for

Central America and the Caribbean

The PRM (after ItS Spamsh name, Programa

RegIOnal de Maiz) IS a network of maize researchers

from nme countrIes in Central Amenca and the



"Farmers DUring a recent VISit to CIMMYT headquarters, PRM coordinator Ello

Don't Climb Duron, an Honduran native, stressed the Importance of finding

Hillsides for germplasm, technologies, and collaborators capable of helping

the View..." farmers In difficult environments

A Network "About two million hectares of maize are grown In Central

Coordinator's America," Duron says, "about 60% of It on small hillSide farms that

Perspective are extremely vulnerable to erosion At present, most farmers cannot

sustain yields on these slopes From both a human and an environmental perspective,

the costs of that inability can be catastrophic"

In working to Improve the prospects of hillSide maize farmers, Duron emphaSizes the

Importance of CIMMYT's relationship With the nine Central Amencan and Caribbean

nations that partiCipate In the PRM "One key to the PRM's effectiveness IS CIMMYT's

Willingness to serve as a true partner rather than as a dlctatonal big brother," says Duron

"CIMMYT proVides germplasm, technical expertise, and financial support, but all the

partiCipating countnes have an equal vOice In determining our research focus and

directions That kind of approach keeps us focused on the real-world problems faced by

national programs"

CIMMYT's support IS essential, Duron says, because many countnes In the network

have neither the funds nor the human resources to address food production and natural

resource management problems on their own "The network enables us to pool our

efforts and attack problems systematically," Duron adds "That way partiCipants don't

waste time and money redlscovenng what someone else has already learned"

Duron pOints out that the PRM has a particularly valuable ally In Jorge Bolanos,

CIMMYT's technical adVISor to the network and a member of CIMMYT's Maize Program

"Without Jorge thiS network couldn't function at anywhere near the level of effiCiency It

does," says Duron "In addition to hiS Invaluable work as a maize agronomist, he also

serves an Important role as a faCIlitator, helping network members to conSider problems

In their full compleXity and encouraging researchers to work toward a consensus that

best serves our common Interests - one of which IS Improving the plight of hillSide

farmers"

"Farmers don't climb hillSides for the view," Duron says "They do It because they

have nowhere else to go With CIMMYT's aSSistance, the PRM IS helping these farmers

establish a foothold so that they can Increase and sustain productiVity while aVOiding on­

and off-Site damage to the natural resource base"

Canbbean and from CIMMYT The

PRM develops and tests alternatIve

technologIes to sustamably mcrease

productIvIty m the regIOn's major maize

productIon systems The network bUIlds

on a strong research capacIty whIch can

be traced to mId-century collaboratIve

Imtlatlves of the Rockefeller FoundatIOn

m LatIn Amenca. The PRM ongmally

concentrated on breedmg and trammg,

but expanded Its focus nearly a decade

ago to mclude sustamable croppmg

systems research and SOCIOeconomIcs.

Its actIVItIes have had an enonnous

Impact more than three-quarters of the

area under Improved maize m the regIOn

IS sown to PRM-denved vanetIes and

hybnds, a range of envlronmentally­

fnendly croppmg practIces dlssemmated

by the network are used by fanners, and

natIOnal systems have been strengthened

through PRM trammg and other

support, to name a few achIevements

The techmcal contnbutlOns of

CIMMYT are one key to the PRM's

success, but no less Important has been

the guidance of the network's long-tenn

donor, SWISS Development CooperatIOn

(SDC), on network orgamzatlOn and

planmng

"Begmnmg m the mld-1980s, SDC

encouraged the PRM to fonn Its own

dtrectIve bodIes, to Implement

partiCIpatory planmng and budgetmg,

and to appoint a regIOnally recrUIted

coordmator," says Jorge Bolanos,

CIMMYT techmcal adVisor to the

PRM The suggestIOns were

Implemented m a careful, stepwise

fashIOn over the course of several years,

and now constItute central features of

the network PartICipants meet each

year to review progress toward

objectives and allocate fundmg for

subsequent actIVItIes based on proven
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results The planmng exerCIses are

notably democratIc, network members

come away with a strong sense of

havmg "bought mto" the research

agenda, whIch is laId out m a matnx

compnsmg detaIled ObjectIves,

venfiable progress mdicators, and

specIfic actIvItIes ActIVItIes are

assIgned to mdividual countries based

on comparatIve advantage or ovemdmg

mterest, so there IS no duplIcatIOn of

effort Outputs - germplasm and

mformatIOn - are shared regIOnwide

More recently, SDC has encouraged

the PRM to reach out to key NGOs and

other networks in the regIOn, and

representatIves of these orgamzatIOns

now share m PRM research and pnonty

settmg

In the words of Walter Fust,

DIrector General, SDC "QualIty

partnershIps WIth natIOnal programs,

good collaboration WIth other regIOnal

programs, and strong lmkages to

development are eVIdent charactenstIcs

of the PRM" These outstandmg

features and PRM Impacts have led

CIMMYT to enter mto comparable

arrangements m recent years m ASIa

(such as the nce-wheat consortIUm

descnbed m the sectIOn "Natural

Resource ImtIatIves") and AfrIca, one

example of whIch IS outlmed below

The CIMMYT·Zimbabwe

Research Program

WIthout dlmlmshmg the

SIgnIficance of PRM accomplIshments,

It can be mentIOned that ItS members

hold a common language and culture,

and that productIOn enVIronments m

Central Amenca and the CarIbbean are

relatIvely more alIke than those of, say,

ASIa or Afnca Can a SImIlar

networkmg approach functIon m places

where none of the preceedmg

CIrcumstances applles? An answer to

that questIOn from one regIOn ­

southern Afnca - may not be long m

commg, based on the expenences ofthe

CIMMYT-ZImbabwe Research

Program

CIMMYT establIshed a research

statIOn at Harare, ZImbabwe, m the

mId-1980s to collaborate WIth natIOnal

systems m developmg and

dissemmatmg Improved maIze

technology, mcludmg vaneties and

hybnds that reSIst several major

croppmg constramts of midaltItude
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maIze areas m the regIOn Among the

Impacts of that effort are the more than

150 vanetIes and hybnds based on

CIMMYT maIze that have been

released by natIonal programs and are

sown on some 2 mIllIon hectares

As CIMMYT has brought greater

resources to bear on the problems

assallmg maIze and wheat farmers m

sub-Saharan Afnca, the ZImbabwe

statIOn seemed a logIcal base for several

collaboratIve research networks the

Center has helped establish m the last

two years

The Maize and Wheat

Improvement Research Network for

the Southern African Development

Community (SADC) - ImtIated m

1994 and financed by the European

Umon, this network IS promotmg the

free exchange of Improved seed

throughout the regIOn, helpmg proVIde

trammg OpportunItIes and access to

relevant mformatIOn for maize and

wheat profeSSIOnals, and admimstenng

a small-grants program to support

research by local maIze and wheat

, SCIentIsts on regIOnal pnontIes It

operates under the auspIces of SADC

and the Southern Afncan Centre for

CooperatIOn m Agncultural Research

and Trammg (SACCAR). RegIOnal

collaboratIOn IS partIcularly Important

for the small grants, whIch are allocated

by a steermg commIttee of natIOnal

program commodIty coordmators

Soil Fertility Research and

Extension Network - ImtIated m

1994 WIth fundmg from the Rockefeller

FoundatIOn, thIS project combmes the

talents of soIl SCIentIsts, agronomIsts,

on-farm researchers, extensIOmsts,



soclOeconomlsts, and apphed modelers

from MalawI and Zimbabwe to define

local sOli fertihty problems, map

problem areas and Improve the

targetmg offertihzer recornmendatlOns,

conduct long-term studies on reglOnal

fertihty trends m maize-based croppmg

systems, and Identify and document

technical and SOClOeconomlc

constramts to Improved soil

management "We're also workmg to

estabhsh relatlOnshlps among

researchers, extenslOn workers, NGOs,

and pohcy-makers," says Stephen

Waddmgton, CIMMYT agronomist

posted to southern AfrIca and techmcal

advisor to the network

The Southern African Drought

and Low Fertility Project - Imtiated

m 1996 and funded by SWISS

Development CooperatlOn (SDC), this

network will apply new selectlOn

methodologies to mcrease the drought

and low sOli fertlhty tolerance of maize

for SADC countries and help natlOnal

systems to develop Viable breedmg

programs for these traits Funds are

aVailable for national program~ to

upgrade eXlstmg faclhtle~ for u~e m

selectlOn and testmg

All three networks mvolve a

CIMMYT techmcal advIsor, a ~teenng

commltee compnsmg speclahsts from

natlOnal systems m the region, and

senous efforts to mterface With NGOs

and other networks to reach goals more

qUickly and efficiently In addition, a

portlOn of the budget admmlstered by

the steermg committee IS allocated to

small grants for local research

Given the research potential

represented by thiS array of networks,

the challenge may be to see that, where

feaSible, they operate as a sort of

"mega-network," accordmg to

Zimbabwe station team leader, David

Jewell "We have a cntical mass of

people With a range of skills m maize

and wheat breedmg, croppmg systems,

and SOClOeconomlcs. Now we must

bUild a team approach and mtegrate

addltlOnal human resources through

collaborative research" To help

mtegrate the networks, he sees rus role

as one of faclhtatlllg relatlOnshlps

Average maize yield (t1ha)
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among natlOnal systems and

reglOnwlde orgamzatlOns

"Fortunately we are on excellent

tenn~ With natlOnal systems, NGOs,

and SACCAR," Jewell says "Ifmter-

network collaboratlOn saves resources

and gets better products to fanners

faster. I am sure the Idea Will be

rccelved enthusiastically" He pomts

out, for example, that agronomists m

the reglOn already have expenence

workmg With Improved maize

vanetle<, m their tnals 'ThiS

complements our maize testmg

network," Jewell says Breeders as

well routmely resort to on-farm

evaluations as an aCid test for

expenmental gennplasm, a process

that can mvolve croppmg systems

experts

Fmally, Jewell expects that further

opportumties for collaboratlOn Will be

explored by a SOClOeconomlst whom

CIMMYT will post to the reglOn m

early 1997 "Among other thmgs, we

would hke thiS person to study factors

that mfluence technology adoption,

help deSign and apply fann-Ievel

surveys, assess Impacts, and assist m

Implementmg matrix planmng and

management systems for the

networks," Jewell says "We also hope

the socloeconomlst can help develop

hnkages With the seed mdustry and

NGOs If the networks are to be

Judged on Impacts, then we must be

more pro-active about dlssemmatmg

useful products "

Southern Africa SOil fertility network

studies show that combined

organiC-inorganic fertilizer

treatments are the best option



"Some time after harvest, we VISited the families and found that

except In one dlstnct where It was too late In the season to apply what

they learned, between 90 and 100% were uSing the technologies,"

observes O'Donoghue "All of them said they would gladly attend

training sessions again"

In view of thiS success, the next phase of the project Will also

focus on whole families In sessions on wheat cultivation Although a

departure from tradition, thiS Innovative approach may prove useful

for teaching modern technologies to farmers who grow wheat and

other crops In Similar cultures In developing countries

SIX Bangladeshi farm families-men, women, and children-are gathered for a training session In a room at the

local rural development office A woman In full burka raises her hand and beginS to speak She heSitates, but With

her husband's encouragement, shyly continues and asks how to keep Insects away from the wheat seed she has

selected

"Something as Simple as a woman speaking In front of a mixed gender group tells us these sessions are totally different

from how training IS conducted In most developing countries, espeCially In this part of the world," pOints out Craig Meisner,

CIMMYT agronomist stationed In Bangladesh He IS acting as advisor to the Whole Family Training Project (WFTP), a pilot

project funded by the Australian Agency for International Development (AusAID) that alms to teach farmers how to handle and

store wheat seed after harvest In several wheat prodUCing dlstncts of Bangladesh

Typically, NGO and government programs In Bangladesh target either males or females and, In fact, this pilot project,

Implemented through the Bangladesh-Australia Wheat Improvement Project and Bangladesh's Wheat Research Centre, was

onglnally conceived as a training program for women Involved In wheat production "Before starting the project we did a survey

and found that In Bangladesh wheat production IS a family affair," relates Marla Smith O'Donoghue, a consultant hired to help

find an effective means of reaching and training women "ThiS gave us the Idea that It was probably better to train the whole

family, Instead of just the women"

Although largely unrecognized, women's contribution to agricultural production at both the household and national

levels IS Significant In the developing world However, for the most part women farmers have little access to the training and

information that are so baSIC for Improving crop production Furthermore, In countnes where, for cultural reasons, women do

not speak to men outSide their families, reaching them through mostly male extension workers IS Virtually ImpOSSible The

WFTP arose from the perceived need to address these Issues and give women access to wheat production technologies

Wheat IS currently the second most Important staple cereal crop In Bangladesh, where production IS projected to reach

1 4 million tons In 1996 As the country's population Increases and land pressures intenSify, farmers Will have to learn new

ways of Increasing yields while protecting natural resources Marginal farmers, however, have remamed largely beyond the

reach of extension services "An additional payoff of this project IS that, In seeking to benefit rural women, It Will contnbute to

increasing wheat Yields In the poorer districts of Bangladesh," says Meisner

Local women With prevIous expenence In rural development work and training were hired to organize and conduct the

training sessions They delivered to each family (defined for the purposes of the project as husband, Wife, plus two other family

members) a written inVitation for the sessions ThiS was particularly Important In getting people to attend, though many of

those InVited cannot read, they conSidered It a great honor to receive a written inVitation Instructors used demonstration

techniques and Visual aids to convey Simple but essential seed storage procedures A total of 2,370 people belonging to 508

mostly marginal and small landholding families attended the training

seSSions, which recorded almost 100% attendance

Family Training

in Bangladesh:

An Innovative

Approach
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H
abit Trwl and

Error COl1jecture

Too often. these are the

bases on whIch farmers.

agrIcultural researchers. and

polIcy-makers must make

decIsIons How do we break

CIMMYT's EconomIcs Program helps to answer

these kmds of questIOns It prOVIdes researchers and

pohcy-makers wIth mformatIOn and analytIcal tools to

evaluate complex optIons and to assess dIfficult

tradeoffs Carefully reasoned CrItena thus replace habIt,

trIal and error, and conjecture as the foundatIOn for

research and polIcy deCISIOns

Under the leadershIp of

new Program DIrector Prabhu

L PmgalI, the CEP has

recently outlIned an excltmg

lIst of research InItIatIves

New Directions in

Economics

It comes from, and how we measure and value It

One project IS clarIfymg global trends m the use of

wheat diverSity and mternatIonal flows of genetIc

resources (descrIbed below) Another project IS

explOrIng the prospects of on-farm Improvement of

maIze landraces as a strategy to conserve maize

dIversIty m situ

Genetic Diversity

Long-term food securIty reqUIres that we

safeguard genetIC dIversIty CEP researchers are

helpmg to clanfy what we mean by diversity, where

Technology Assessment and Forecasting

What Impact IS a new technology lIkely to have

m the years ahead? How WIll that Impact vary across

regIOns? How do projected payoffs from germplasm

research compare to those for crop management

research? The CEP IS helpmg to answer these kmds

of questIOns so that funds can be WIsely allocated

and problems effiCIently addressed Future work wIll

develop a world-wIde technology mventory for

maIze and wheat, extendmg to the years 2000, 2010,

and 2020 Researchers WIll also assess the potentIal

Long-Term Supply and Demand

Projections

EffectIve agrIcultural polICIes and research

strategIes have a clear prereqUISIte relIable estImates

of supply and demand CIMMYT helps establIsh

such estImates by clarIfymg macroeconomIC trends

m world maIze and wheat productIOn, mcorporatmg

speCIfic supply and demand mformatIOn mto

establIshed models. developmg supply scenarIOS by

regIOn and crop, and evaluatmg and modlfymg

global projectIOn models developed by experts m

advanced research mstItutIOns

An AfrIcan agrIcultural mInIster wonders why a

new maIze hybrId IS not bemg adopted How can

policy changes break thiS bottleneck?

Donor agenCIes are apprehensIve that SCIentIfic

plant breedmg IS erodmg crop genetIC dIversIty

How do we measure that diversity? Do recent

trends suggest that It IS erodmg? What Impact has

plant breedmg had on those trends?

A development assIstance agency wants to redIrect

research fundmg from lITIgated to ramfed

envIronments How IS thiS shift likely to affect

farm-level mcomes, employment, food prices, and

the environment?

An ASIan research dIrector studIes a shrInkmg

budget How do the potentwl payoffs from wheat

research compare with other alternatives;>

A SubSIstence farmer m the Andes wornes that a

new hlgh-yleldmg maIze varIety WIll prove more

vulnerable to dIseases and stress than tradItIOnal

varIetIes How can breedmg programs address that

concern?

•

•

•

that pattern? ThIS IS the

challenge bemg met by the

CIMMYT EconomICS Program (CEP)

The CEP doesn't generate germplasm and crop

management practices It generates mformatlOn about

how germplasm and management practices are bemg

used and about how they can be used more efficIently

ConSIder the followmg applIcatIOns of our work

•

•
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Sub-Saharan North West South Mexicol Andean Southern
Africa Africa Asia Asia Guatemala Region Cone of S.A.

Yield stability of all wheats grown from 1955 to 1994 In regions of the developing
world-lower numbers equal greater stability.

129
81

122
50

98
24
56
48

123
79
56
55

CIMMYT's Wheat and EconomIcs

landraces from all the major wheat­

producmg regIOns have contrIbuted

gennplasm to the bread wheat varIetIes

now bemg grown by farmers m the

developmg world A study of bread

wheat pedIgrees reveals that all regIOns

are mdebted to vanetles from other

regIOns. Indeed, m almost all cases, the

largest contnbutor oflandraces to a

gIven regIOn IS not the regIOn Itself For

bread wheats, neIther the dlstmctlOn

"North-South" nor "developmg­

developed" IS useful for charactenzmg

gennplasm flows.

Programs

CIMMYT research mdlcates that

65
91
30
40

87
80
40
75

134
103
12 1
11 0

CoeffiCient of yield vanatlon adjusted for trend (%)

108
43
71
88
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Note China IS excluded

helpfully offers the followmg

alternatlve-geme Such flIghts-from

hard fact to aIry fancy--occur all too

often m diSCUSSIOns about plant genetic

resources CIMMYT's 1995/96 World

MIcrosoft Word's spell-check

doesn't recogmze the word genome, but

dIVerSity and mternatlOnal flows of

wheat genetIc resources That report IS

part of an ongomg mltIatIve between

Wheat Facts and Trends counteracts

that tendency, provldmg detaIled

mfonnatlOn about the use of wheat

1955-1964
1965-1974
1975-1984
1985-1994

Ongoing Projects

Understanding Wheat Diversity

and International Flows of

Wheat Genetic Resources

Research Priority Setting

By mtegratmg mfonnatlOn from the

research tOpICS outlmed above, the CEP

develops procedures for efficIently

allocatmg maize and wheat resources,

both on a global and a regIOnal basIs

Future efforts wIll develop models for

settmg research pnontIes at the

mstltutlOnal, program, and problem

levels Exploratory efforts wIll be made

m understandmg pnonty settmg for

more dIfficult areas, such as SOCIal

SCIence, po!tcy, and natural resources

research

mdu5tne~ are clanfymg way~ that the

publIc dnd pnvatc sector:> can

complement one another (descnbed

below) In sub-Saharan Afnca,

researchers are IdentIfymg polIcy

changes that WIll mcrease the use of

mmeral fertlltzers, thus boostmg food

production and aVOldmg envIronmental

degradation

Adoption and Impact Studies

The CEP momtors the dIffusIOn of

Improved gennplasm and clanfie5 ItS

Impact wIth respect to the poor, the

envIronment, and gender The CEP abo

analY7c~ taetor~ that affect adoptIOn,

mcludmg pobe) and m~tltutlOnal

con~tramh Ca~e 5tudlC~ of mal7C ~eed

Impact ofthose technologIes across

sImIlar ecologIcal, agncultural, and

socIal envIronments



Consider, for example, the pedigree

for Sonahka, the bread wheat cultlVar

planted across the largest area m the

world m 1990.

CIMMYT's findmgs also mdlcate

that for every regiOn m the deve10pmg

world, vanatiOn m wheat Yields was

greater m the decade precedmg 1965

(1 e., the early years of the Green

RevolutiOn) than m the most recent

decade Indeed, smce the 1950s, the

balance of eVidence from farmers'

fields suggests that wheat Yields have

become more stable even as mean

Yields have mcreased This holds true

for the major wheat-producmg natiOns

of the developmg world and for the

world as a whole

EVidence on resistance to the rusts

(which are among the major diseases of

wheat) IS similarly encouragmg Of the

SIX screemng nursenes that CIMMYT

annually dlstnbutes to cooperators m

wheat-growmg countnes around the

world. the one with the longest hIstory

l~ the InternatIonal Bread Wheat

Screenmg Nun,ery (IBWSN), InItiated

m 1967 The nursery contam~ 200-400

new advanced hne~ from C1MMYT's

Bread Wheat Breedmg Program A~

measured by average coefficients of

InfectIOn, advanced hnes have In

•

•

•

Farmers m 17 countnes contnbuted

1andraces or selectiOns,

Breeders m 14 countnes

contnbuted hnes;

Landraces and hnes ongmated on 6

contments and m most of the major

wheat-producmg nations of the

world

general proven mcreasmgly resistant to

stem, leaf, and stripe rust

CIMMYT's findmgs also suggest

that modem Imes are not bemg drawn

from a more and more restncted genetic

base A sample of the pedigrees from

the more than 800 wheats released m

developmg countnes smce the early

1960s reveals that the average number

of different landraces per pedigree has

mcreased over time Smce the 1970s,

the upward trend suggests an average of

one new landrace per pedigree, per

year. Today, landraces tend to enter the

pedigrees through crosses of advanced

hnes With different genetic

backgrounds Among the more widely

grown CIMMYT bread wheats released

smce 1950, the number of dlstmct

parental combmatiOns and different

landraces occumng m the pedigrees

have both mcreased

Fmally, many researchers and

pohcy-makers assume that, smce the

early years ofthe Green RevolutiOn,

fewer and fewer vanetles are bemg

planted across larger and larger areas

Recent eVidence suggests that thiS

assumptiOn IS mvahd "In many major

wheat-producmg natiOns of the
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developmg and mdustnahzed world, the

percentage of wheat area sown to any

smgle cultlvar IS lower that It was earher

m thiS century," says CIMMYT

economist Melmda Smale.

ThiS IS not to suggest that farmers

have adequate access to the range of

cultIvars they want What hmlts that

access, however, IS more often related to

economic pohcles and government

regulatiOns than to crop breedmg

strategies. "Breeders can Improve the

attractiveness of vanetIes and the rate of

release of new vanetIes, but they cannot

assure that all farmers have access to

seed," says Smale "That kmd of change

Will reqUIre careful attentiOn to Issues

such as mput and output pnces, the

proportIOn of released cultlvars for

which seed IS actually multlphed and

dlstnbuted, and the deSign and

functIonmg of seed systems"

Ongomg efforts at CIMMYT Will

contmue to Illummate Issues related to

wheat diverSity "Our atm," says

Economics Program Director Prabhu

Pmgah, "IS to clanfY how mternatIonal

agncultural research has affected wheat

genetic diverSity m the past and how It

can enhance that diverSity m the future "



A Study of the Maize

Seed Industry

The tenns life eye Ie and evolutIOn

may provc a~ relevant to the growth of

maize "eed mdu~tne., a~ they are to the

growth ofthc "eed" tho"c mdustnc~

~ell That mSlght has Important

ImplicatIOns, for If all seed mdustnes

pas'> through predIctable ~tagcs of

development, then natIOns can learn

from each other's successes and

failure"

CIMMYT researchers and theIr

collaborators m national programs have

helped pohcy-makers m thIS regard by

Identlfymg key techmcal, economIC,

and mstltutIOnallssues whIch must be

resolved If maIze seed mdustnes are to

functIOn effectively Already, case

studIes are suggestmg that-at vanous

stages of mdustry development­

certam mstltutIOnal arrangements may

be more effiCIent than others m

fostenng rapId and eqUItable growth

In developmg countnes, maIze seed

production and dlstnbutlon have been

weak rungs m the ladder of

prodUCtiVIty "Investment m maIze

research has been extenSIve, and thIS

mvestment has produced results," says

CIMMYT economIst MIchael Morns

"Plant breeders have developed many

vanetles and hybnds whIch clearly

outperfonn the matenals bemg grown

by fanners Researchers have al"o

Identified Improved management

practIces capable of slgmficantly

boostmg productIV Ity "

"Unfortunately," Morns adds,

"many of these technologle'> have faIled

to spread beyond demonstratIon plots"

Why? Unhke nce and wheat, whIch

are self-pollmatmg, maIze IS open­

pollmatmg, meanmg that mdIvIdual

maIze plants readIly mate WIth other

nearby plants Fanners who grow maIze

thus have dIfficulty mamtammg

genetically pure seed stocks and must

replace seed annually to aVOId

contammatIOn through natural

outcrossmg For hybnd maIze

technologIes to dIffuse Widely, fanners

must have access to rehable sources of

affordable, hlgh-quahty seed

Pubhc-sector orgamzatIOns have not

been notably successful m meetmg thIS

need As a result, pnvate compames and

non-governmental orgamzatlons are

often encouraged to playa greater role

m dIssemmatmg Improved varIetIes and

hybnds, But not everyone IS

comfortable WIth the Idea of a global

maIze seed mdustry that conSIsts

exclUSIvely of pnvate compames

"Thus far, moves to pnvatlze

natIOnal maIze seed mdustnes have had

largely pOSItive results," Morns says,

"Still, It'S legItimate to ask where such

changes WIll ultimately lead If current

trends contmue, for example, WIll maIze

fanners m developmg countnes al~ays
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be able to obtam a WIde range of

gennplasm and related productIOn

technologIes at affordable pnces? Must

governments actIvely engage m maIze

research and seed productIOn m order to

protect the mterests of poor producers

and consumers? Or WIll It be suffiCIent

If they merely estabhsh and enforce the

rules of the game?"

Recogmzmg that orgamzatlonal and

mstltutIOnal change are necessary

features of seed mdustry development,

MorrIS has outhned some practIcal

lessons about the shIftmg roles of

pubhc, pnvate, and partICIpatory

orgamzatIOns

Dunng the emergence and growth

stages of the mdustry hfe cycle, for

example, natIOnal pubhc orgamzatIOns

must assume a leadmg role m research,

seed productIOn, and seed dlstnbutIOn

actIvIties Early on, these actIvItIes

proVIde few opportumtIes for cost

recovery PublIc orgamzatIons are better

SUIted to carrymg out mherently

unprofitable actIVItIes because they are

able to pursue non-economIc

objectIves



As demand for seed mcreases,

pnvate compames begm to appear

Imtlally, they are unlIkely to recover

research costs and so tend to produce

and sell the seed ofpublIc open­

polhnated vanetles and hybnds­

research costs for which have been

borne by publIc breedmg programs

"Because pnvate compames respond

rapidly and efficiently to market

signals, they almost always outperform

government seed orgamzatlOns by

offenng better products and better

customer service at equal or lower

pnces," Moms says

As the mdustry develops, public

and pnvate responsibilIties gradually

shift "When competitIOn mtenslfies,

compames find that they can remam m

busmess only by offenng propnetary

products," Moms says "At this pomt,

they are compelled to launch their own

research programs"

Many companies soon find that

they can compete successfully With

publIc orgamzatlons m this sphere as

well "Although examples can be cited

of mstances m which pnvate

compames have performed poorly, on

balance, the record IS extremely

posItive," Moms adds

Does this mean that publIc

orgamzatlOns can then disappear? "No,"

says Moms "It IS Important to realIze

that pnvate seed mdustnes are unlIkely

to proVide all thmgs to all people For

the system to work most effiCiently,

publIc orgamzatlOns must gradually

assume new roles mvolvmg the

productIOn of goods and services that do

not proVide attractive profit

opportunities" Such activIties mclude

basIc research, research targeted at

margmal enVironments, and the

production of seed for subSistence

farmers

Where does CIMMYT fit m? "In

accordance With ItS global mandate,

CIMMYT focuses on research activIties

that natIOnal publIc orgamzatlons are

unable or unwlllmg to perform," Moms

says He pomts out, however, that these

actiVities are not static either

"As the adoption ofhybnds has

mcreased m many developmg countnes,

CIMMYT has reduced ItS work on

open-pollmated vanetles and placed
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greater emphaSIS on hybnd

development And as pnvate compames

have become more VISible m global

germplasm Improvement efforts,

CIMMYT has formed new hnks With

the pnvate sector"

Moms speculates that CIMMYT's

role Will change further as the global

seed mdustry contmues to evolve "As a

publIc orgamzatlOn, CIMMYT Will be

most effective concentratmg on the

productIOn of goods and services that do

not offer clear profit opportunities and

therefore are unlIkely to attract the

attentIOn of pnvate compames," he says

He also notes that because natIOnal

seed compames operate m lImited

markets, they are often unable to mount

breedmg programs of suffiCient size to

compete effectively With large

transnatIOnal compames that have

access to global networks of research

and testmg faCIlIties As a result,

natIOnal seed compames are turnmg to

CIMMYT as a source of the matenals

and technologies they need to compete

With the transnatlOnals

"Large numbers of maize farmers

are well served by the systems presently

m place, but m some countnes many

rural households still do not have

regular access to rehable sources of

hlgh-quahty, affordable seed," Mom~

says "Innovative strategies wIll have to

be mtroduced If these household" are to

be reached"

By clantymg the comparative

advantages of vanous pubhc and pnvate

orgamzatlOns at vanous stages of

tndustry development, CIMMYT and Its

natIOnal program collaborators are

provldmg a foundation upon whIch

such strategies can be butlt
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T
he complexity and natural resource research The

urgency of the Center has estabhshed a strong,

agncultural development m-house GIS capaCIty that IS

challenges facmg the world closely hnked to related efforts

today demand a strong under way elsewhere, both m

mterdlsclphnary approach to developed and developmg

research - the full partICIpatIOn countnes

of plant breeders, Our hbrary has evolved

bIOtechnologists, agronomIsts, mto much more than a

SOCIal SCientists, and repOSItory of publIcatIOns and

profeSSIOnals from many other mformation aVailable to

dlsclplmes Improvements m mterested researchers and

how research mformatIOn IS tramees It has become mstead

managed are strengthemng thIS essential an electromc mformatIOn center deSIgned for the

collaboratIOn, leadmg to a new mformatIOn-mtenslve timely and comprehensIve proVISIOn of worldWIde

approach to research that, m the end, IS greatly SCientific mformatIOn, and It does so on a pro-active

benefitmg poor farmers and consumers ahke baSIS, accordmg to the needs and deSIres of mdlvldual

throughout the developmg world researchers and other users, whether located at

How IS thIS new approach changmg the way CIMMYT headquarters m MeXICO or many of more

agncultural researchers - and m partIcular, those than 100 countnes around the world

workmg at CIMMYT - do theIr Jobs? As only one We contmue to produce and dlstnbute thousands

example, our breeders are mcreasmgly decldmg of copIes of a WIde range of CIMMYT-Impnmatur

WhICh parent plants they should cross based not only pubhcatIOns, of course, mcludmg field and laboratory

on phySIcal appearance and field performance, but manuals, speCIal reports, workmg papers, mformatIOn

also on firmer knowledge about the genetIC makeup bulletms, fact sheets, and annual reports lIke thIS one.

of mdlvldual plants, hnes, and populatIOns We have added a new working paper senes on natural

Crossmg programs based on greater knowledge of resource management research Issues, as well as a

genetic backgrounds are enablmg breeders to more reprmt senes for Journal articles on those same tOpICS

closely taIlor the pedIgrees ofthelr new vanetIes to publIshed elsewhere by our staff And through a

speCIfic envIronmental condItions, thus enabhng the vanety of publIc awareness matenals and actiVIties,

broadest pOSSIble adaptatIOn and producmg end we have redoubled our efforts to foster support -

products that are preferred both by producers and by both polItIcal and financIaI- for CIMMYT's work

consumers and for mternatIOnal agncultural research m general

In addItion, performance and evaluation data from In order to faclhtate the adoptIOn of a more

sources as dIverse as mternatIOnal nursenes and mformatIOn-mtensive approach to research by our

molecular marker laboratones are mcreasmgly made partners m developmg countrIes, we make sure that

aVailable globally VIa the Internet and m CD-ROMs, all tramees and vlsltmg SCIentists learn how to operate

With mmlmal delay after bemg recorded our systems, so that when they return home they can

Complementmg these efforts IS the applicatIOn of confidently access globalmformatIOn databases about

new geographiC mformatIOn systems (GIS) maize, wheat, and other crops, as well as support the

technologies to more clearly IdentitY Important development of appropnate mformatlOn

strategic targets for CIMMYT's agronomIC and mfrastructures m theIr own mstItutIons. With respect
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to the latter, we <11"0 provide

con"ult<lncle" m the mfonnatJon <Ired to

our re~earch pdrtner" m devclopmg

countne~

Fmally, m October 1995 we

mltlated the CIMMYT home page on

the Internet'., World WIde Web

(www clmmyt In>') Thl~ new tool

allows easy access to a wealth of

mfonnatlOn about our work, both m

=
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cultlvars and breedmg records, croppmg thiS new research modabty Will spread

straight text format and m Adobe

Acrobat, which allows vlewmg of fully

formatted text and photographs Our

bbrary catalog IS aVailable on-bne, as

are the email addresses and other

contact informatIOn for all current staff

In ItS first year of operatIOn, we have

expenenced a three-fold mcrease In the

number of files transmitted Via thiS

medIUm each day (to an average dally

delIvery of over 300 files, or about

10,000 files per month) Importantly, a

growmg number of developmg

countnes are now routmely accessmg

our home page

Closely bnked databases for

systems, bIOphYSical data, and

SOCioeconomiC data are provldmg the

foundatIOn of a new research style m

CIMMYT DeCISion support tools,

mclumng SimulatIOn models, GIS,

expert systems, and genetic analYSIS
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software are mcreasmgly enabllllg our

sCientists to focus on central Issues and

navigate through oceans of data,

syntheslzmg cntlcal mformatlOn as

they go Electromc mstnbutlon IS

further ensunng that the benefits of

rapidly beyond CIMMYT's Immediate

realm, and add to the Impact we seek

~ Impact on sCience and, even more

Important, Impact m farmers' fields



Coping with Information technology IS now indispensable to CIMMYT researchers and those who work In support

the Information of their efforts A variety of new and not so new information tools are enabling staff to work both

Revolution faster and smarter than ever before But the field of Information technology IS evolving at an

unprecedented rate, and staYing on top of new developments and adapting them to CIMMYT's particular

needs presents the Center with a difficult challenge In response, CIMMYT created In late 1995 a new unlt-

the InformatIOn Technology Umt - dedicated to the evaluation and creative application of new Information

technologies

Initially, the Unit's efforts were focused on establishing and refining a CIMMYT web site on the Internet's

World Wide Web That task IS now well along, though as IS the case with such web Sites, they are never truly

"finished", rather, they are continually being refined as new information needs and opportunities are Identified

The Unit has also helped bring about adoption of a standard database management package for a number

of CIMMYT's Internal Information management needs Working first with the Library to Identify and Implement a

flexible, cost-effective package to replace our 10-year old library system, the Unit experimented with DB

Textworks, a generalized text (as opposed to "data") base deSigned with libraries In mind but sUited for a range

of uses Our positive experience with thiS inexpensive and user-friendly package led us to seek other

applications In CIMMYT, and so far we have used It to develop management systems for information on our

finanCial backers, project proposals, and approved speCial projects Other recent applications Include the

Implementation of strategic databases for the VISitors Services and Human Resources departments

Currently, the Unit IS researching cost effective optical storage systems, With an eye toward eliminating our

current and labOriOUS microfiche system for archiVing CIMMYT's management records, and IS explOring the

development of an "Intra-net" that Will enable Center staff and management to more eaSily access a Wide array

of Internal databases

Operationally, the general Idea behind the formation of thiS new Unit was to bring more leadership,

coordination, and expertise (In the form of Interdepartmental teams of speCialists and users) to address

Significant information-related challenges We seek to ensure both a clear delineation and Prioritization of those

challenges and the mobilization of suffiCient resources to resolve them In a timely manner To further capitalize

on the benefits of enhanced coordination and communication In thiS arena, CIMMYT IS now folding ItS Systems

and Computing Services and ItS Software Development Group Into an expanded Information Technology Unit

6,000 ---_,..----------------------

Heavy traffic IS not always bad,

espeCIally if It indicates

wIdespread interest In your

home page on World Wide

Web Access to CIMMYT's
home page was truly
"worldwide," users from

Argentina, Bolivia, Brazil,

Chile, China, Colombia, Costa

RIca, Ecuador, Egypt,

Indonesia, MexIco, Malaysia,

Nepal, South Korea, Turkey,

Uruguay, Venezuela, and

Zambia, as well as many

industrialized nations, logged

on and extracted information
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our miSSIOn

Reorganizing Research, Focusing on

External Relations

agreed agenda matrix, rather than bemg left for free

allocatIOn by centers Although thiS has Improved

transparency and accountability for fundmg agencies

and their constituencies, a step that CIMMYT

welcomes, It also entails the gradual loss ofbudgetmg

fleXibility for the Center Moreover, given the growmg

mfluence that fundmg agencies can exercise on Center

research pnontles because of this shift, CIMMYT IS

actively promotmg congruence between baSIC aims of

donors and research partners, alI wlthm the context of

Of the many developments that

have affected CIMMYT

IntenSive fundralsmg efforts begun m 1994 have

contmued About 18 new projects began operatIOn m

1995, representmg US$7 7 million m additional funds

over the next five years On the other hand, 16 projects,

Shifting Perspectives in the CGIAR worth US$3 3 million, ended m 1995 These, along

finances m the last year and a half, several promise to

exercise a strong, continued mfluence First of all,

domestic budget debates m key donor countries have

brought conSiderable uncertamty to fundmg prospects

Offsettmg thiS somewhat, renewalm the CGIAR has

led to mcreased fundmg from several donors FmaIIy,

sweepmg changes m the System's financmg procedures

and fundmg claSSificatIOns should provide mcentIves

for fundraIsmg by mdlvldual centers As detailed

below, CIMMYT IS mtenslfymg fundraIsmg efforts m

response to these changmg and challengmg

circumstances Among the measures bemg taken are

the mtegratlOn of the mformatlOn and donor relations

functIOns and the reorgamzatlOn of research by

megaproJects

Financial Highlights

As part of the CGIAR renewal process, startmg m with projects that end m 1996, Will have to be replaced.

1997 centers will no longer have an "approved" The efforts of the Director General to strengthen

budget, rather, the level of fundmg of each Will be ties with donors have been expanded through the

based directly on donor commitments to the center. In creatIOn of an External RelatIOns program The move IS

addition, CIMMYT has mcreased ItS fundmg base by mtended to consolidate and mtensIf'y fundralsmg,

gradually consolIdatmg all of ItS activIties mto ItS responSibility for which was formerly spread across

agreed agenda (to be completed m 1997) Fmally, as of several areas The new program mtegrates the offices

Biotechnology 7% challenge, among them food

1998 the World Bank will

proVide centers With an

additional 12% ofthe funds they

obtam from other sources, rather

than fillmg gaps m approved

fundmg as preVIOusly These

changes essentIalIy remove past

dlsmcentIves to fundraIsmg

In general, there IS a

growmg tendency for donors to

restnct their contributIOns for

use m speCific research

actiVities, that IS, the money IS

aSSigned to special projects or to

mdlVldual celIs m the CGIAR

Research support 5%

Economics 4%

Natural resources 4%

of donor relatIOns, public

awareness, project proposal

development, and other

mformatIon areas which

contribute to these

operatIOns

Fmally, as part of the

new MedlUlTI-Term Plan

under development, the

center IS redefimng ItS

research agenda under a

dozen or so "megaproJects "

Each megaproJect addresses

a major global or regIOnal

1995 research budget allocations by area
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secunty, poverty alleVIatIOn, and developmg and

dissemmatmg sustamable productIOn systems The

Issue- and output-onented (rather than actlvlty­

onented) tenns of the megapro]ects should allow

pohcy-makers and fundmg agency representatIves to

readily IdentIfy areas of CIMMYT's work that comclde

with their own key pnontles

1995-96 Highlights

Total fundmg for 1995 was US$33 mllhon (316

from donors and 1 4 from other sources), expenditures

totaled US$27 6 mllhon The combmed effect of

reduced operatIOnal costs, pnmanly through reductIOns

m staff, and a devaluatIOn ofthe MeXican peso (60% m

1994 and an additIOnal 50% m 1995, partIally

offsettmg the prevIOUS five years of Significant local

mflatIOn) allowed CIMMYT to add US$5 4 mllhon to

operatmg funds m 1995 This Improved the Center's

finanCial conditIon and enlarged the cushIOn agamst

potentIal shortfalls m 1996 and the uncertamty

foreseen for 1997 In additIon, It IS helpmg to mamtam

a posItIve cash flow m the face of late payments by

members In 1996 unrestncted core fundmg was

US$1 8 mllhon less than anticipated, and US$9 0

milhon had not been received by late September (52%

of the unrestncted funds antICipated) For 1996,

antICipated fundmg and expenditures are shghtly over

US$28 mllhon

CIMMYT also took advantage of speCIal fundmg

to make capital Improvements m areas of strategic

Importance For example, the government of Japan

helped fund the constructIOn of a modern Crop GenetIc

Resources Center, mcludmg new maize and wheat

gennplasm storage, seed preparatIon, and shlppmg

faclhtIes In additIOn, the Damsh government proVided

cruCIal additIonal support to construct needed space for

CIMMYT's Apphed BIOtechnology Center, and UNDP

paid for the renovation of speCIal greenhouses for work

on genetically transfonned maize

Sources of income from grants (US$OOO), 1995.

Core

, restricted

Core and special Comple-
r, '
'Donors, unrestricted projects mentary. Total
", ~"I", ~ ~ " c

ASian Development Bank 81 81
Australia 671 33 510 1,214
Austna 150 2 152
Belgium 176 128 4 308
Canadian International

Development Agency 928 236 1,211 2,375
China, People's Republic of 80 80
CIRAD 6 6
Colombia 127 127
Dantsh International

Development Agency 870 195 1,065
European Union 2,583 1,180 3;763
Ford Foundation 400 46 16 462
France 485 485
Germany 627 50 370 1,047
Global EnVIronment FaCility 6 6
ICRAF 36 36
IFPRI 29 29
India 75 75
Inter-Amencan Development Bank 750 214 84 1,048
International Fund for

Agncultural Development 235 235
International Tropical

Agnculture Center 175 175
IslamiC Republic of Iran 33 33
Italy 100 6 106
Japan 3,104 153 3,257
South Korea 60 60
Leverhulme Trust 16 16
Mexlco,Government of 120 120
NAFINSA 5 5
National Associalion of

Oilseed and Wheat
Producers, BoliVia (USAID PL480) 188 188

National Institute of Agncultural
Research-Uruguay 76 76

Netherlands 295 7 302
Norwegian Mlntstry of

Foreign Affairs 154 7 161
OPEC Fund for

International Development 60 60
Overseas Development

Admlnlstratlon,UK 879 81 43 1',003
Philippines 24 24
Rockefeller Foundation 37 286 323
Stanford University 16 16
Spain 50 50 100
SWitzerland 370 294 664
Tropical Agnculture Research

Center, Japan 19 19
United Nations Development

Programme 1,984 70 2,054
United States Agency for

International Development 4,230 68 16 4,314
Untted States Department

of Agnculture 103 79 182
World Bank 5,705 5,705
Other grants 42 42

~'~''599'
,. )'1' ~ , ( I
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Trustees and Principal Staff

(as of October 1996)

Walter Falcon, Chair, Board ofTrustees and of

the ExecutIve and Fmance Cormmttee

(USA), Director, Institute for International

StudIes, Stanford University

R Bruce Hunter, Chair, Program Committee

(Canada), Manager of Research, CIBA

Seeds, Clba-Gelgy Canada Ltd

Rodngo Aveldaiio (MexIco), I Director of

Agncultural Research, NatIOnal Institute of

Forestry, Agnculture, and Livestock

Research

VL Chopra (India), NatIOnal Professor,

NatIOnal Research Centre for Plant

BIOtechnology, Indian Agncultura:

Research Institute

Abderrazak Daaloul (TunISIa), Director General

ofAgncultural ProductIOn, MIniStry of

Agnculture

Anthony Gregson (Australia), Wheat Farmer

Johan Holmberg (Sweden), Director,

Department of Natural Resources and the

Environment Swedish InternatIOnal

Development Cooperation Agency

Jorge Kondo Lopez (MexlCo),1 Executive

Director, NatIOnal InstItute of Forestry,

Agnculture, and Livestock Research

FranCISco Labastlda Ochoa (MeXICO) ,

Secretary ofAgnculture, Livestock and

Rural Development

Cyrus Ndmtu (Kenya), Director, Kenya

Agncultural Research InstItute

Jose AntOniO Ocampo (Colombia), MInister of

Fmance

Dolores Ramirez (PhllIppmes), Professor of

GenetiCS, InstItute of Plant Breedmg,

College ofAgnculture, University of the

PhllIppmes

TImothy G Reeves (Australia), I Director

General, CIMMYT, MeXICO

Francesco Salamlnl (Italy), Director,

Department of Plant Breedmg and YIeld

PhYSIOlogy, Max Planck Institute for Plant

Breedmg, Germany

Hlrofurm Uchlmlya (Japan), Professor, Institute

of Molecular and Cellular BlOsclences,

Umverslty of Tokyo

Xm Zhryong (Chma), Deputy Director, Institute

of Crop Breedmg and CultivatIOn, Chmese

Academy ofAgncultural SCiences

Ex officIO pOSitIOn

Office of the Director General
TImothy G Reeves, Australia, Director General'

Roger Rowe, USA, Deputy Director General of

Research

ClaudIO Cafatl, Chde, Deputy DIrector General of

AdmmlStratIon and Fmance

Gregono Martinez V, MeXICO, Government and

Public Affairs Officer

Norman E Borlaug USA, Consultant

General Administration
Lmda Amsworth, USA, Head, VIsitor and

Conference Services

Knsta Baldml, USA, Head, Human Resources l

Kathleen Hart, USA, FmancIaI Officer4

Hugo Alvarez V, MeXICO, Admmlstratlve

Manager

Rosano Deaqumo, MeXICO, Supervisor of Projects

and Budgets2

Martha Duarte, MeXICO, Accounting OperatIOns

Manager

Salvador Fragoso, MeXICO, Payroll and Taxes

Supervisor

Marfa Garay A , MeXICO, Head, Food and

Housmg

Gilberto Hernandez V, MeXICO, Trammg

Coordmator

Hector MaCiel, MeXICO, Accountmg OperatIOns

Manager3

Dommgo Moreno, MeXICO, Head,

TelecommumcatlOns

Roberto Rodriguez, MeXICO, Head, Workshop

Eduardo de la Rosa, MeXICO, Head, BUlldmg

Mamtenance

Ronka Rueda, MeXICO, Accounts Payable

Supervisor

German Tapia, MeXICO, Warehouse Supervisor

Manuel Terrazas M , MeXICO, Treasury Supervisor

Miguel Zetma, MeXICO, Computer Users Support

Supervisor

Norman Borlaug, FranCISco Labastlda Ochoa, and Timothy Reeves during the

30th Anniversary Celebration
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External Relations Program
TIffin D HaITI> USA, Director

Anne Stark, Aco,ta USA, Donor RelatIon,

Olficer

LcslIe Ro'c, USA, Publtc A,,,,,arene" Officer'

Publications and Communications

Kelly A Cassaday, USA, Wnter/Edltor

Eugene P Hettel, USA, Wnter/Edltorl

G Michael Llstman, USA, Wnter/Edltor

Timothy McBnde, USA, Wnter/Edltor3

Alma L McNab, Honduras, Wnter/Edltor and

TranslatIOns Coordmator

Miguel Mellado E , MeXICO, Publications

ProductIOn

Appomted III 1995

Left CIMMYT m 1995

Appomted III 1996

Left CIMMYT m 1996



Information Technology Unit

Edith Hesse, Austna, Manager

Jesus Vargas G , MexIco, Systems and

OperatIOns

GUillermo Ibarra B , MexIco, PC Support and

IntegratIOn

Rafael Herrera M , MexIco, Software

Development

Carlos Lopez, MexIco, Software Systems

Hector Sanchez V, MexIco, Project Leader,

Wheat Systems

Library

Cormne de Gracia, MexIco, Head

Fernando Garcia P, MexIco, Electromc

InformatIOn SpeCialist

John Woolston, Canada, Vlsltmg SCientist

Maize Program
Delbert Hess, USA, Director

Richard Wedderburn, Barbados, ASSOCiate

Director

David Beck, USA, Breeder

David Bergvmson, Canada, Entomologist'

Hugo Cordova, El Salvador, Breeder

Gregory Edmeades, New Zealand, PhYSIOlogist/

Agronomist

Damel Jeffers, USA, Pathologist

John A Mlhm, USA, Entomologlst2

ShivaJI Pandey, India, Breeder

Ganesan Snmvasan, India, Breeder, InternatIOnal

Testmg/Hlghland Maize

Suketoshl Taba, Japan, Breeder, Germplasm

Bank

Sunnder Vasal, India, Breeder, Lowland Tropical

Germplasm

Martha Willcox, USA, Breeder/ApplicatIOns of

BIOtechnology

Gonzalo Granados R , MeXICO, Consultant

Andean Region (staff based in ColombIa)

Carlos de Leon G , MeXICO, Pathologist

LUIS Narro, Peru, Breeder

ASIa (staff based in Thailand)

James Lothrop, USA, Breeder

Damlo Baldos, Phllippmes, Agronomist/

Coordmator of Crop Management Trammg/

NRG

Eastern Africa (staff based ID Kenya)

A FE Palmer, UK, Agronomist!

Joel K Ransom, USA, Agronomist

Central America and the Caribbean (staff

based ID Guatemala)

Jorge Bolanos, Nicaragua, AgronomlstINRG

ASSOCiate

Jerome Fournier, SWitzerland, AgronomlstINRG

Assoclate l

Southern Africa (staff based in Zimbabwe)

Marianne Banzlger, SWitzerland, PhySlOlogl,>t

David Jewell, Australia, Breeder

Kevm Pixley, USA, Breeder

Stephen Waddmgton, UK AgronomlstINRG

ASSOCiate

Batson Zambezl, MalaWI, Breeder

Cooperative Program WIth

IITA in West Africa

Alpha 0 Dlallo, Gumea, Breeder

(based m Cote d'IvOlre)

Ghana

Roberto F Soza, ChIle, Agronomist

Associate SCientIsts

Hansh Kumar, India, Entomologist

Byung-Ryeol Sung South Korea, Breeder

Pre- and Postdoctoral Fellows

Miguel Barandlaran, Peru, Breeder!

Javier Betran, Spam, Breeder'

Salvador Castellanos, Guatemala, Breeder]

Anne Elings, Netherlands, PhYSIOlogist!

Pnscilla Hemiquez, El Salvador, Entomologlst l

Jan Hlrabayashl, USA, Entomologist!

Scott McLean, USA Breeder!

Harold Mickelson, USA, Breeder!

Sat Kumar RamanuJam, India, Breeder!

Felix San Vicente, Venezuela, Breeder'

ViSiting SCientists

Jan Bocansky, YugoslaVia, Breeder

Jaime Carvajal, BoliVia, Breeder

Javier Eddy Flores, BoliVia, Breeder

Shambhu Nath Mlshra, Ind!a, Breeder

Ricardo Mora, MeXICO, Breeder

Lawrence Mshana, Tanzania, Breeder

Stephen Mugo Ngure, Kenya, Breeder

George Ombhako, Kenya, Breeder

Edison Silva, Ecuador, Breeder

Zhang Shukuan, Chma, Breeder

Satlsh K Sudan, India, Breeder

Legesse Woulde, EthIOPia, Breeder

Habtamu Zelleke, Ethiopia, Breeder

Wheat Program
SanJaya Rapram, India, Director

R A Fischer, Australia, Dlrector2

George Varughese, India, ASSOCiate Director

Leon Broers, Netherlands, PathologlstiBreeder2

H Jesse Dubm, USA, Head, Crop ProtectIOn!

Seed Health Umt

Etienne Duveiller, BelgIUm, Pathologist

Paul Fox, Australia, Head, InternatIOnal

Nursenes

GUillermo Fuentes D MeXICO, Pathologist

Lucy Gilchnst S , Chde, Pathologl&t/Seed

Health Umt Supervisor

Maarten van Gmkel, Netherlands, Head, Bread

Wheat Breedmg

Gunther Manske, Germany, PhYSIOlogist

A MUJeeb-Kazl, USA, Head, Wide Crosses

Ivan Ortlz-Monasteno, MeXICO, Agronomist

Roberto J Pena, MeXICO, Head, lndustnal

Quality
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Wolfgang H Pfeiffer, Germany, Head, Dununi

Tntlcale

Matthew P Reynolds, UK, PhYSIOlogIst

Kenneth D Sayre, USA, Head, Crop

Management/Physiology

Ravi P Smgh, India, Geneticist/Pathologist

Bent Skovmand, Denmark, Head, Germplasm

Bank, and Head, Genetic Resources

Reynaldo L Villareal, Phllippmes, Head,

Germpla5m Improvement Trammg

Hugo Vlvar, Ecuador, Head, ICARDAICIMMYT

Barley Program

Arnoldo Amaya, MeXICO, Consultant

BoliVia

Patnck C Wall, Ireland, AgronomlstINRG

ASSOCiate

East Africa (staff based in EthiopIa)

Osman S Abdalla, Sudan, Wheat Breeder

Douglas G Tanner, Canada, Agronomist

South ASia (staff based in Nepal)

Eugene E Saan, USA, PathologlstlBreeder

Southern Cone of South America

(staff based ID Uruguay)

Man Mohan Kohli, India, Breeder

CIMMYTIICARDA Cooperative

Program (staff based in Syria)

M Mlloudl Nachlt, Germany, Durum Wheat

Breeder

GUillermo OrtiZ F , MeXICO, Bread Wheat

Breeder

Bangladesh

Craig A Meisner, USA, AgronomlstINRG

ASSOCiate

Turkey/CIMMYT/lCARDA Winter

Facultative Wheat Program

(staff based ID Turkey)

Hans-Joachim Braun, Germany, Breeder

Alexei Morgounov, RUSSia, Breeder

Zimbabwe

Thomas S Payne, USA, Team Leader, Maize and

Wheat Improvement Research Network for

SADCC

ASSOCiate Scientists

Edgar Haro, MeXICO, Agronomlst2

Arne Hede, Denmark, Agronomist

Momque Henry, France, Virologist]

Masanon Inagakl, Japan, Cytogeneticist

Mohamed Mergoum, Morocco, Breederl

Pre- and Postdoctoral Fellows

Ennque Autnque, MeXICO, Breeder2

Llgla Ayala, Venezuela, VirolOgist]

JaJIllY van Beem, Colombia, PhYSIOlogist]

Appomted m 1995

Left CIMMYT m 1995

Appomted m 1996

Left CIMMYT m 1996



Premchand Bmdraban, Netherlands, Wheat

Systems Analyst'

Belgm ('ukadar-Olmedo, Turkcy, Breederl

Hong Ma, Chma, Pathologlst2

HeIdi Mickelson, USA, Breeder

Henmng Muller, Germany, Agronomist

VIsiting SCientIsts

James QUick, USA, AgronomIst2

Nlgatu T.ldcssc USA, Geneticist'

Economics Program
Prabhu Pmgah, IndIa, DIrector'

Damel Buckles, Canada, Anthropologlst2

Paul W Heisey, USA, EconomIst

Melmda Smale, USA, Economist

MYWIsh MaredIa, India, Affihate Economist

Gregory Traxler, USA, Affihatc Economist

Central America and the

Caribbean (staff based in Costa RIca)

Gustavo E Sam, Argentma, EconomlstINRG

AssocIate

Eastern and Southern Africa

Rashid Hassan Sudan, EconomIst (based m

Kenya)2

Wilfred M MwangI, Kenya, Economist (based m

EthIOpIa)

Hugo VerkUlJI, Netherlands, Economist (based m

EthIOpia»)

South and Southeast ASia (staff based in

Thailand)

Michael Moms, USA, EconomIst

Research Fellow

James MacMillan, Canada, Economist'

Consultants

MarIanne van Dorp, Netherlands, Economist

Domlmque Louette, France, EconomI~t

Gerard J Dempsey, UK, EconomIst

Research Interns

Jason Hartell, USA Economist

Kelly Jean Nlghtmgale, Kenya, Agronoml~t

RoderIck ReJesus, Phlhppme~, EconomIst

Elizabeth RIce, USA, EconomlGt

Nmg Yang, Chma, Economist

Natural Resources Group
Larry Harrmgton, USA, Manager

JeffWhite, USA, GIS/Modelmg Specldhst1

Central America and the Caribbean

(staff based In Honduras)

Hector J Barreto, ColombIa, Agronomist (jomt

CIMMYT/CIAT staft)

South Asia (staff based In Nepal)

Peter R Hobbs, UK, Agronomist

ASSOCiate Scientists

Olaf Erenstem, Netherlands, Economist

De"'l Hartkamp, Netherlands, GIS/Modelmg

SpeciahstJ

Enc Scopel, France Agronomist

Applied Biotechnology Center
David HOIsmgton, USA, DIrector

Nata~ha Bohorova, Bulgana, Head, I\pphed

GenetIc Engmeenng Laboratory

Diego Gonzalez-de-Leon, MeXICO, Head Apphed

Molecular GenetIcs Laboratory

Mlretlle Khatrallah, Lebanon, Molecular

GenetICIst

Yves Savldan. France, Ledder Apomlxl' ProJcct

Wanggen Zhang, Chma, Head, Apphed Molecular

Btologyl

ASSOCiate SCientists

Robert Bird, USA. Archeobotamst

Ogman BohOlOV, BulgarIa, SCIentific Senlce~

Officer3

Sarah Fennell, UK, Cell BiOlogist

Paul Julstrom. USA, Blosafety Greenhouse

Speclahst l

Jean Marcel Rlbaut, SWItzerland, Molecular

Geneticist

Mamlal Wilham. SrI Lanka. Molecular

Genetlclst2

Pre- and Postdoctoral Fellows

Damel Gnmanelh, France, Molecular GenctIcIst

Susanne Groh, Germany, QuantItatIve Genetlcl,t

Hector GUillen, MeXICO, Molecular Geneticist

Aueyl Hu, Chma, Molecular Geneticist'

Ennco PerottI, Italy, Molecular BlOloght l

Biometrics
Jose Cros~a, Uruguay, Head

ChlangJlan JIang, Chma. BlOmetnCl.ln

Jorge Franco, Uruguay, Consultant

Mateo Vargds, MeXICO, Consultant

Experiment Stations
FranCISco Magallane', MCXICO, FIeld

Supenntendent EI Batan

Jo,e A Miranda, MCXICO, Field Supenntendcnt

ToluCd

Rodngo Rascon, MeXICO Field Superintendent,

Cd Obregon

Abelardo Salazar MeXICO. FIeld Supcnntendent,

Poza Rica

Alejandro Lopez, MeXICO, Field 'SuperIntendent

T1altlzapan

General laboratories
Jatme Lopez C ,MexIco Supervisor, SOlis and

Plant NutntlOn Laboratory

Appomted m 1995

Left CIMMYT m 1995
Appomted m 1996

Left CIMMYT m 1996
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support for

CIMMYT's work comes

from the 52 members of the

Consultative Group on

International Agricultu~al

Research (CGIAR). This

international consortium, which

represe,nts developed and

developing countries, is
, ,

cosponsored by the Food and

Agricul(iIre Organization of the

United,Nations, the Worl(J

B~nk, the UnitecLNations
" ,

Development Programme, and '",
~ {;~

the Unit~d Natio~~ ,
,. ~ J,,<,,, ~ ~ _~ ~

EnvirollJtlent Programw.e.
.....;. 0" ~"., , '

Th~oug~ its support to
~;.;,,~

CIMMYT and IS.oth¢f '" "'"
'* " '-¥-- .'

international agricultural"'" h",:,,~p O>>!c

'''~ -~research centers, th,lj qGIA~ 5""'
-;'~, ,ij.'l;c " .! ~o~ ,

':'" p,-:o,motes sustainable

Jgriculture for food'secutitY iu
~~ ~ CP.

, '

de.ve,lopjng co.untries.
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Me~lco (Headquarters)
CIMMYT
Llsboa 27
Apdo Postal 6-641
06600 MexIco, D F , Mexlco
EmaJl clmmyt@clmmyt mx
Telex 1772023 CIMTME
Fax (InternatIOnal) (52-5) 726 7558,7559
Fax (Texcoco area) (91-595) 54425
Pnmary contacts
Timothy Reeve~, Director General
Tiff Harris, Director, External RelatIOns

Bangladesh
CIMMYT
PO Box 6057, Gulshan
Dhaka-1212
Banglade;,h
Fa~ (880-2) 883516
Emml cm<ilJclmmyt bdmaJl net
Pnmary contact Craig Meisner

Bolivia
CIMMYT
c/oANAPO
Casllla 2305
Santa Cruz, BolIvia
Fax (591-3)427194
EmaJl clmmyt@mltal nrs bolnet bo
Pnmary contact PatrIck C. Wall

Colombia
CIMMYT
clo CIAT
Apdo t\.ereo 67-13
Call, Colombia
Telex 5769 CIATCO
Fax (57-2) 4450073
Email c deleon@cgnet com
Pnmary contact Carlos De Leon

Costa RIca
CIMMYT
Apartado 55
2200 Coronado
San lose, Costa Rica
Telex 2144 IlCA
Fax (506)2292457
EmaIl gsam/tlJlICa ac cr
Pnmary contact Gustavo Sain

COte d'lvoire
CIMMYT
c/o IITA-Bouake
SIC ADRAO-WARDA
01 BP 2551 BouakeOl
Cote d'[vOire
Telex 69138 ADRAOCI
Fa~ (225) 634714
Email a 0 dlallo@cgnet com
Pnmary contact I\.lpha Dlallo

EthIOpia
CIMMYT
PO Bo~ 5689
Addis Ababa, EthIOpia
Telex 21207ILCAET
Fax (251-1) 611892, 615017
EmaJl clmmyt-ethlOpla@cgnet com
Pnmary contad Wilfred MwangI

Ghana
CIMMYT
Crops Research Institute
PO. Box 3785
Kumasl, Ghana, West Afnca
Telex 3036 BTH 10 GH (Kwnasl)
Fax (233-21) 772562 (CIDA)
Email FAX+23321772562@cgnetcom
Pnmary contact Roberto Soza

Guatemala
CIMMYT
12 Calle 1-25 Zona 10
EdIficlO Gemmls
Torre Norte, 16 Nlvel, Of 1606
Apdo Postal 231-A
Guatemala, Guatemala
Telex 6215 (ANAVI GU)
Fax (502)3353407
Emml Jbolanos@ns guate net
Pnmary contact Jorge Bolanos

Honduras
CIMMYT
CIAT-Ladera;
clo IlCA-Honduras
Apdo Postal 1410
Tegucigalpa, DC
CP III 0 I Honduras
Fax (50-1) 315472
Email clathlll@hondutel hn
Pnmary contact Hector Barreto

Kenya
CIMMYT
PO Box25171
Nalfobl, Kenya
Fax (254-2) 631499, 630164
EmaIl J ransom@cgnet com
Pnmary contact Joel K. Ransom

Nepal
CIMMYT
PO Box 5186
Kathmandu, Nepal
Fax (977-1) 419352
Email phobbs@clmmyt mos com np
Pnmary contact Peter Hobb;,

Syria
CIMMYT
Celeal Improvement Program
ICARDA
PO Box 5466
Aleppo, Syna
Telex 331206 ICARDA SY
Fax (963-21) 113490
EmaJl oferrara@cgnet com
Pnmary contact GUillermo Ortiz F.

Thailand
CIMMYT
PO Box 9-188
Bangkok 10900
Thailand
Telex 84-178 INTERAG TH
Fax (66-2) 5614057
EmaJl Jlothrop@clmmyt mx
Pnmary contact James Lothrop

Turkey
CIMMYT
PK 39 Emek
Ankara, Turkey
Telex 41994 CIMMY TR
Fax (90-312)1878955
Email clmmyt-turkeYi.£!)cgnet com
Pnmary contact Hans-Joachim Braun

Uruguay
CIMMYT
CC 1217
MonteVideo, Uruguay
Fax (598-2)928522,923633
Email clmmyt@cha;que apc org
Pnmary contact Man Mohau KohlI

Zimbabwe
CIMMYT
PO Box MP 163
Mount Plea;ant
Harare Zimbabwe
Fax (263-4) 301327
Email cllnmyt-zlmbabwe!1Ycgnet com
Pnmary contact DaVid Jewell

InternatIonal Maize and Wheat
Improvement Center (CIMMYT)
Llsboa 27. A P 6-64J, 06600 MeXICO
DF. MeXICO
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AdditIOnal mfonnatlOn on CIMMYT
actlvltles IS available on the
WorldWideWeb at
http://www.clmm}t.m:\ or
http://w~w.cgiar.org
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