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Opening Address 
S.S. Husain
 
Consultative Group on International Agricultural Research,
 
Washington, DC, USA 

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

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

CIMMYT and the entire CGIAh system 
have been assessing our programs and 
defining future challenges. To this end, I 
want to talk briefly about the strengths 
within the system that will be needed to 
meet thes, challenges. 

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

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

The accomplishments of CIMMYT during
these 20 years have been monumental 
in to s in 

contributing sef-suffclency
wheat and increased maize production. 

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

Because conditions vary from country to 
country, each nation needs its own 
research capacity to recognize and solve 
its own food needs. One of the strengths 
of the CG!AR system has been the ability
of the individual centers to work with 
and supplement these national research 
programs. However, we must continue 
to explore new and better ways to work 
collaboratively with both the 



well-established national prog'arns and 
with countries that do not yet have 
strong national programs. 

Helping develotili (:IiOtMrlCS with thill 
research need s IS d (dairtilij task 
because their needs tare moving i ttcts 
Food productorr and snpply pr)blerir; aHe 
chaning, goverrient polices are 
shiftliti, and lerl-trm conicommitmri ts t 
research tre oftet n har(l to carrie by Ita, 
rnsuch an ervir)nrrirt tlhatthe c(rtor , 
must work In this 'itntatil(rrCnritsutV iII 

center rsearch can be the irierierur 
that keeps tire riatiorial progmar .s' 
research m nvinu f 'w ril.lo this !ntd it 
is ilnpt lativt itl furling for Ie cuen r> 
bhe continuous arid hnrig t rn StS(JriWr i) 
industrial COuntIrieS irlicalt, thii thu full 
irrlparctof siuccessr ul resirari LltJitul, 
reqLctuu i 8 10 1() ytars followirng its 
initiitiri, irif for live;tor, ( sIarf 
i-rlOVatirOnis, 13 to 15Syear s are 
rnecessaly to berrefil liwvstock owrlrs 
all corIsuernirs, 

H(Ipur1(4(i)\'U 11/(h illh.,t l 
tiJ)5ChU :/!f [fi! . l, I u7 If I,'h' l/ti r1 ,'\ 

rfaCt('.,:U I,-;hL' 1/K/I t/ 'I, I -' I f(l/;l 0/ [/(> 

What do we see in the future? Conlittiued 
and rapid increases in po)ulation will 
demand greater increases in food 
production. Over the next 20 years 
developing courtry populatlorts will 
almost double from 3300 to 6450 
million. One of the most distr:sslg fICS 
about this growth is that it will he faslr, 
in those areas where liiid ler 
least adequate to reU needs.foodidI 

Consequently, SOItlOls for ailertuati 
food SLp lies li not only with increased 
production bLI also With Improved
incomes and bal r ifr;strtJctures lor 
food distribution Arid, lecatse arid 
holdings for the lowest ircorrme teople 
areone 
become even rirore IpOrtant to look at 
new ways to increase the ptouLctivity of 
small landholders. 
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The CGIAR recently adopted a goal 
statement that reflects these concerns. 
We consider that international 
apr icIlItural research ind related activities 
must contribuLt ito increasing sustainable 
food )ro(tlIctInn in (flvdiopiriq_ counLries 
iH SJCh al way that tIhe ritritior il level 
rilileili leconlc wll-hri of low­

iic.rinr peotp( are iniprovrsl. Iims means 
tesa /i;and its rehaeil actvd s, not 
devrlopinmel or tcchrical assistar, , 
u(tVltitis,; rr lfoo(d an] feer, 
COTrirroiitiir.s; toc(iricn/ao/,'Jeg-terrntoric 
sr.';aialf:b/e ;itodJinctii ii, riot t.chrunologes 

iht sacrifie ecoolgicaui 'talhlty for
 
. oiiit-turri cprams ini )ri(dLIhvity, arind
 
r mri;tion Oi;Muri ea­lut Itn] (' 

1rig ateuv-n;uiurie 1a(vop/, not solely 
thioutlh rrrcreasou food ptridtiictinr, but 
alsO thloLugh ilr)rovad 10lt u(Jlity, 
gruat-.r t. t y iii distril.' oil, rior stable 
food supplies, rild irrcliaisudl ptrch sJrng 
power 

the shift in the CGIAR's gtoal toward the 
concept of sustainablei( triculte IS 
significant. Sristainahilily riraris a greate 
emphasis onl the land resouic, base. It 
mens choosing cropprng tmterns that 

do ra)tcause ificlrnes il fOu productive
 
capacity of the r(esoulce !)se, such 
as crop rotations, irt(eiciopping, appropriate 
_Su of legtrlloIiurS crops aid trmes, and 

developrmrernt of eff(ctive crop ;id 

livestock ysturr' And it means 
prev tirtlrig soil iss, saflinity b ildup, and 
dephtiof wattr sutphls. Achhieving 
;ustimiability will require a 
cornpre i sive pun rrin of dliveisc but 
irteileprildrrrt researlc~i ctlvltres [ he 
:fhiilrmit is to cor btr i the corniparative 

lvaritau nI the centers in ways trial 
will achevir tihu trial 

How ca we r i s in ;lli r 
totierghits fry fIoyr [-vatns in r A n 
coiliiry fur ttnir 1385 CIoAR Annual 
R .port have0hlydpe rl O Irwn thlrlkung 
re.loyd porsnu hainr nal/;tional cernters- rave frailt a 

profound effect on how research is 
For exapeple, the concrtntiation of 

efforts of outstandirg scientists from 
rnany disciplines orr a single commodity 
or problem has beeri very inrportant. 



Also, assembling comprehensive 
germplasrn collections in one place, 
making many crosses between theni, 
and then assessing their performance in 
many areas have been miajor activities 
for intetrnational ce;nters. And the 
concept of broad adaptability of 
gerrniplasri also fit into the intetrnational 
center corite*.. 

As I tirahlistanrl haroa adaptal:;ity, plat 
rMaletl! developed if)one place are 
capabhle of perforriirg quite vell in other 
parts ot thie wotld. For examiple, we saw 
;u'ces; witlh Mexicar whteats in Pakistan 
ullj loli dufing th' 196s In those 

early days, brotl %idaptafilit/was 

atairiedJ ratlei (ilUickly he'ClUs' Vit'd, 

gains vver(' accoirlt)shed t[ftOLlgfh
f:tctots 
st(oi ats shorter stature anti rno( 
tfficlt\ i ise ofn,liltzur the bett r Itlds 
Since, tftosf, early gains, thet thrust tow 
seorits to be toward tailotlrig row 

v'Ilt ties to specific envifroririenrs. Don!; 

this new thrtist rtearl that widr 

adaptability is reacfied its limits in 

ctrtairi c'irCuristance, Or lathl 
agtot:tiliati(; lirrits have itirilacthediirn 


usit; tri witfe ,iia(tpliiu, 'i-itegy? 

(tri(, gIestliri I iavel is t(ov ' ll wId( 
adaptability tis worki:i in Africa Can 
thu poor perfsirriantt Africa oif rri>ry 
rnterah. developed e'lsewhere bit 
/iittilbulei in' wid adfal)tatihty being less 
siuccessful tht? It ni'y o,,only a rnatte 
of d(lgmee, tut we dto know that 
tiviroriiwirits in Aftica are diverse!, and 
test and disease probletis are extersive. 
Perhaps in such ('ICLJrfistarnces note 
tite;(firig progratris serving local rneeIs 
ir toqititni It would seern to tim Ilfit 
ft! ( uifsniori of fiow welt wide 
airiptaiibility fis worked inAfrica is an 
Iiiporlaristrategic matter deserving 
(Jos!e s(inJtiriy by itternational experts I 
will etlorni to tfis lIter 

he ci;rop-reflater centers rlIust continue 
to exparnd gilnie banks ar d utlt ie the 
wealth of genetic resources contained in 
thorMn. For soMe centers, exploiting the 
gerrplasm pool will be their major 
activity in the future. These activities call 
for scientists who can recognize 

problems of international importance and 
who can move upstream in the research 
process. National progiam capabilities 
are improving, and as national programs 
conduct more and rroto of the adaptive 
and applied reseaurfh to fit more location­
specific reeds, l11 iitetrriaonal centers 
will be able to riuv upstream in 
lesearcfh 

At CIMMYT this move to upstrean 
reseoatch has already begun, and we are 
delighed to see the much stronger role 
you are playing iii genetic resources 
activities M? pattictilarly comfimend you 
for Increased gene bank efforts in both 
wheat and tia/e, your sustained wide 
cross programs, ar d your increasing 
cilipfvisis on bhol[ c'uloiwj research in 
ioth wheat antd iaize. 

SysterlatC study of wo,id gernplasm 
colll:ctions5 has revualed art array of 
soufces of resistance to tiany pests and 
diseases. Also, Oie potential for using 
wild relatrves has significantly increased. 
he International Board for Plant Genetic 

Resources (IBPGR) and the crop-related 
centers have miade the collection and 
fihiiacturiatron of wild relatives higha 

priority Therefore, it s inore m portant 
than ever for the free flow of gerniphasm 
)if a worldvside basis to continue. Arid it 
; firndatory that the getriplasni that is 

(.ollected and stored be properly 
ev;luarted ard documented. No matter 
fiiiw extensive collections may be, poorly 
(eValuated collections are riot very useful 
to breeders 

CIMMYT is located at the center of origin 
of rtlha'l , and 1the groatest geroie c 
diversity of its wild relatives is here, too. 
Fhe use of new gerlthc irfornirlon as 
well as few techriques has rilade it 
possible to rnake wide cro.sses between 
crops and wild plants. This work should 
continue, so robust genes forr wild 
plants can be used to ifiprove our crops. 
Ai CIMMYT you have made wide crosses 
in both wheat and rnaize with promising 
results, although no new varieties with 
wild genes have yet been released I look 
forward to hearing today of sone of the 
advances that may be possible. 
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Most of the centers have established 
effective plant breeding programs and 
sonie are also conducting molecular anrd 
cellular research. In thu fHture the 
interface bte'tween whole-plant research 

The international centers must also stand 
ready to help in maintaining the yield 
gains that have already been made. New 
forris of diseises and insects are 
constatlly ,merging that threaten to 

and cellular and rnol;ctulor r(,c.stir(rh rclduce yields, caLiseIIILJstCaniage ciops arid 
ircraso to be effective, the 
imernatI()nal centers wiIl need to 
strengther [heirtl work il p)tholojo(v, 
phsiolo]y, eeil erunroielogly to aISSL re 
new kriow h ril scitntiic attentior?lei l 
for preserit u v i ioblhrnisim tJLf 


I Want t) (iiiiriii,,l MY(IMits 

efforls t(i us t.e i rnW, riioriiil nur: 


irnfor lal)rtii rin)t, (:rrotive vviiys to
in 

leiaris mruh &ihp toihir from boihi 
Whiial canl riiit. Irir; I hope that Voi 
will corlnrllil rll,; ,vorl,i nd thit olher 
centers will iikt! a (iiicert(e( effort to 
hasrrl ias t;ais-;ihlc frorr therTnch ais; 

tridroerlius rltlr r ih
irlist? ii!tS the; 

i/teinra oriiari tw(?o, oh cl())MrS'ilHWS 


Nursery t-:stlre riesneed to hS. 
f-'alitJaitf ( i ,ill, :,"trlot ,hilabhe 
compuars)ri, (,r,to( n .learong the 
nrrltlure(), IrtJrsjrlt, (le.r;irn(m all over the 
VorlJ Lvinloirinq imatelilrit..w mostly 
by v\:ld corilpa)rsari, I ) nger 
suf':e(:faH, l iivirnriieiitil arid 
physical t:hnjracteriJtioo fl t(.st situ(eaich 

Carl hel[ LiS to strearirrl .,rlrsery 
actvities and irrpro i,,o ability to 
coripaile arid piedlict ontcons at 
different Sites, particularly Ill ardapting 
varieties to rrrgimal irinds 

We should be awire that some of the 
land resources used(( for food crops wilt 
be required riot only to rriuet increased 
food pro(tU(Ctior deirm;rs but also to 
contribute to energy dernanids ini 
developing countries Projections iriicate 
thain unrumber of people without 
ade(uate fuimtwoid will Mr than double 
from 1395 rmillio iri 1980 to 2986 
million by the riti of lthe century. These 
land deman !;corluh be corrpetitive, or 
they c;ould be tomplhr irtlory if new 
production systerms such a-, alley 
cropping Or woody shIrI[b produtCtion can 
tie encoragerd 

food shortages, arid shialy reduce farm 
I e to forestall such losses, 
rrainterance research Is rledto 

idertlify potential now insects or 
diseases, to identify sources of 
resist tooc these pests, arid to assist 
rnational prograixs in incorporating 
resistance genes in) tIhler own new crop 
lines. Such rr intr iriii(;e research 
requires excellen scirice , cOnitirrUOUS 

effort, and assure(J ftunding 

today we will rear tii most recent
 
thirnkrig ori wnethiur or rot we have
 
reached, or may soon reach, a yield
 
plateau in wheat. is is a very
 
irpiritanit guiestion, not list for wheat,
 
but also for other crops Itis imperative 
to know what is the biologiucal potential 
of crops, and what- itany possibilily 
there may be for i hanging that potential 
through research Certainliy we do know 
that a good shore of the 'yideld ains 
riade during lhr last two decad(s or so 
trve corie by inrciria mng the proportion 
of grain to straw What now, if anything, 
can be done to increase the total 
biorriiss yield of crops? I look forward to 
o;rningl rue about this today. 

In con(aJsion, I would like to put forth 
two ideas forconsideration. First, sn't it 
tirrre we really xarnmined ciarefully, on a 
worldvide basis, our experience aid 
knowledge COtiCeriii. broad 
adlt)tability? We know thal broad 
adaptability was very SLCceSSII in the 
1960s and 19/Os, but now Irany 
COLintiriS are tiiiring varieties more and 
more to Suit their conditions. Is this 
inevitable and logical? Why hasn't broad 
idiaptabiity worked better in Africa? 
What does the cvidence in Africa show? 
Ih CGIAR centers have considerable 
experience and informnation concerning 
broad adaptabihity. Shouldn't we convene 
a workshop soon to analyze what we 
know and don't know about broad 
adaptability and its limits? 
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Second, the CGIAR has had tremendous 
experience in plant breeding in many 
crops, but especially in cereals. Isn't it 
time that we discussed and compared 
our experiences and cori: pts on 
breeding strategies for (c aiils with other 
scientists? Such a rioofl!] could bo of 
great importance, in thot years of 
international effort could be assessed 
and integrated with future breeding 
plans, particularly those that include 
iricioused involvement of biotechnology, 

In closing, I want again to stress the 
importance of today's symposium. 
Wheat and maize together account for 
40% of all wotldwide cereal production. 

he demand for waheat is expected to 
increase in apprxirnaeto proportion to 
population growtn, while majie is 
rrodicted to provide an even greater
rfoprti on of liuman arid arlirnal food. 
he system's support of aLrcultural 

research inthese commodities is very 
inpoi tant. 
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Accomplishments in Maize and Wheat Productivity 

N.E. Borlaug
 
International Maize and Wheat Improvement Center,
 
El Batan, Mexico 

I have t hon ithof's h(Icer- i to hiroaden 
te -. My ,i l i)pieor of i l..r 
Aitlhogh poldjctl iit\, r e),), tdtL;)re 

shouid coitlrL, to i iajor
ht! t Crittril 
hv VhliCh lf v,,ortriof CIMMYI ii 
rriiasrntid, tlws, in turn, are fit(f 
corsefiuri t.sof ins factors Of 
particulir fe navehif beei the; 
developroritiI t I ov rt s(aitch 
rret~tr~do ' ,rii'e;tahliseirrerit of 
i/I tfoi itii ri i . f )tIIze and 

vhIIiit ,. i IrrI kntsthat
ri 'f . 

anI iri tIUtlfrIl i I t I- O tfe C rltlr 

The. Seeds finort 

whiich CIlV~h'iY-- 6r,,w-V 
Ir !sr !iror I ,rottivilttion of CIMMY 

its contributioins to prroving the 

productivity of rrial/e anld wheat, one 

roust begin with theCooperative Mexicir 
AgfricuLltual Pritrarr, which was 
ajifncfl.d iri1$13 asa- joint urnderlaking 
t vetweeritrli Meoi( ri Miristry of 

Acricultur: arlid tif P (ikofiler
Foruriration (Rf I Ihosit of us who werre 
frerrieb rs (if th(!roir;areicfi stiff of the 
Mexian e(ovfrri/rrfiR(r;ckifel!r 
Foundtii;r. Coopurativte Agrl(AUitural 
Program icOfict. of Spf;(;cal Studies) 
during the 41943-19(l period are deeply
grateful ft support fho rcony officials 
and eriployees of thu Govu.rrnent of 
Mexico ard frotthe Rockefeller 
Foundation, whier avl the way for the 
tstaNiishTf l (if thoseCIMMY F Arriong 
who riefitI -)f(ciil ,:ikriowhd(lrrnert for 
oulstir~diri. suoJpiort aid quiliece are, 
Ing Marel P (HiM.e/, lnl Alfonso 
Gon,,aile/ Gallardo, Presidi:nt Adolfo 
Lbpfu.i Matos, l)dIng Julian Rodriguez 
Adarii. of Mexico, rrd ;Ie 'four 
tiifrstrreri of the RoJef'6f 
Foundation Drs F C Sltkrrnri, Palil 

Sonoran farers and agribusinesses to 
establish what is today CIANO (the 
Northwest Agricultural Research Center
 
of INIFAP, the National Institute of 
Forestry, Agriculture, and Livestock 
Res(airch), which lies become a research 
eed tierrtre( Me:cca lorwheat scientists 

woridvvde Morovwr, rio was tlhe 
founding Spirit helhird [ht.establishin erit 
of the Paf oratmo )ar- :1 rvSexfgti'lor 
4 fiico/I, a L r l; ii f rarIrfI) r fi I
 
ofganiltI t)tiat has b ,efIrighily
 
effert'v( it)stpporIt of igrlCUlitural 

Ieseaiicri
 

The Cooperative
 
Moxican Agricultural Program
 

,
Cotrary t)Ih)general public's 
f)!)t')ofi, tie research objectives of thec 

Coopeiatve Mttexican Agricultural 
Programi ,'i [iii broader than the 
dtevetlooi rt of hligh yiitlding, disease­
resistant CflOP varitihe Over its 17-year 
life snarl, this pfrogiar not only 
developed irnprovl)( t p)l) productior, 
technologies, but also helped to build a 
national research infrastructLle to 
support Mexico's offer ts to expand the 
nuanlity, quality, and availability of food 
for ierpeople Priorty was given to 
pragrnatic, interdisciplinai y research 
airmed at uvercorming pressing production 
problems constraining productivity. The 
riOducls of this research were also 
snared fruefly witlh the fglo)al scientific 
CorrMunity 

Durng its rrearly two rlecades of 
iiperation, tfiS pioneireg program had a 
significant irrpa. t, helpig thie country to 
iftlCi self sufficiernc in rriaize an.' wheat 
production irtit; 1950s The effect of 
tri,reseaich on production was 

Margelsdolrf, r etid Bradfilr, arid jG iclhievetd rapidly by pursuing a policy of 
Harrar. Durir(r this early period, the transferring the new production
inr.eF.st and !tpport of Don Rodolfo Elias technology fron research 7ilots to 
Caftes was ,)lso dieCIsive for the success fartrers' fields as soon as significant
of thir He organized improvements became avarlable. In thehlea Programr 
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early years, before there was an 
extension service, the transfher was done 
by the scientist This had a triple 
advantage: (I) it aiwheved early iip;ict 
on increasiriij plouictio , (2)it 1;do thre 
s(ientist diret( ly aw<nue of till stroriptlr,, 
weaknesse;s, arid r ,skyof the! rnow 
technology, arid () it l),rnittt!d tho 
screutist to rapidly siilt research prloritic 
io treet ew troducotion priblems. 

fi inirng rocil r earchers was a mbaior 
activity fr(-r tio shirt and perhaps one
Of the prograri's most significant 
contributions. tver /00 Mexican

osi?,orch wrkwrs rec-ived in-service 

treiieri(arid 200 ndividuals received 


Rockfltlel Fourldltiorr fellowships to 
p-irsit MSc aid Ph.D derlees. lirue(lucation l arid training ispects of the 
p )g ll cqirlrniirot iiitIr estabiishrir(rit
of tre fii ;t l r iht school for 
(JrilCItt i sr!Cn Il Latlrl AmerCa. 
]Ilis Irrstittro, rrow knownr isthre 
Co/egio ch?Pof.'grndoos, was 
Curcn tLctualiz ,! ald htIOlht tc fruitionl by 
Dr F.C riiiri withi the help of many 
oi'is al C iJpirjo, iri1959 

Continuing Produ, ion 

Impacts in Mexico 

Since ihe I(Ji()s,Mexico hias contiruJted 
to mnake rsorilrch inlipacts iII rrialzu air 
whual thit /i its ralional research 
tfits as; veol aisthrough its; research 
iritieship with CIMMY) Be,,twen 
1961 .65 ind 1982-R.1, 'lc:< ican whilt 
rroducton ail)rt averacje trahtiniorias 

of 5 1 [),1i a ) dari t 
' i tc 

priOdLutrtoi al at 3(0 'nUnal rite. 


odiay, Mxico rinks filt/i iii maize 

ui(oiti:tirir and 1tr/h iii whle!at prn)dtctiorL 

in tho world. IIImnainz, r;atiorlal yields 
1ave,irfinas-t~d at1a ratle e/ 3. 1% pJr 
ariririi sirirn 190-72, although the total 
are<a (d(evoled to rniai'; cultivation has 
declined slightry. (irviig deficits in 
rational niai/z iriduclion have been 
ciused by rapid growth ini population 
comirbired with itre vry stromng dermard 
for thi.s cereal grain ias a poultry arid 
livestock feed. Lest we forget Ihe 
increase inI food defrianr rosulti,;p only 
from population growth, we should 
nerriorrber tIat the PoCue:itiori of Mexico 
in 1943 was a pprioxinately 23 million; in 

1986 it has passed the 80 million mark. 
tIn whcat the curren average national 

yield approxirnitely 1 I/ha- o.rthe 
hiilhest in the d;vt!lopinitg world, and only 
urpassed in Ot developed world by a 

tw F:oropoar courntries Due largely to 
thrlso produdctivity galiS, Me,,xi(-co is once 
gii self-sufficient in wheat production, 
!ven though a considerable amount of 
wheat is now being used as animal feed. 

, /l c!)(i/ ;' /S per/,/ 1:i ci, (V/-S pci-haps 
i t, I 10' frlP[ .-(J1 i//II cr) Ili tions 

t 0' i /1'7 hIi ./or Nuh lmkld t i 

But to renraln self sufficient in wheat 
Over the next 20 years, with the growing 
diorand resulting from population growth 
arid increased per capita consumption, 
will require an expansion of wheat 
(ialtivation rite nontraditional wheat­
producing regions Tie possibility exists 
to exterld I/e cultivated arej Soutthward, 
(dur/ig trio; winter season, into riore 
s;(,niltropircal areas on tie Pacific coast 
ind into the nofotit!frhoUid Gulf of 
Mexico coist. (rac/hieove this obiective 
will require trit developuoirit of varieties 
with a high level of resistance not only to 
Ileaf rust but also to HfrIInitosporunM
 
spp ., Gibberlla spp., Septoria spp., artd
 
to a conplex ot organisms, especially 
Sc rotlir rori/sir, th at produce root rots.
 
Mexico's ri!rd forrese'arch to exploit this
 
potenhiial coincides with CIMMYT's
 
iritrriliti(iral restearch effort in "tropical
 
w t ' initiatud in 1981
 

A secondJ aveue ht increasing Mexican 
wheat productioii is throictlh ati(lmenting 
the pioductivity of what soewn during 
th suier rainy season at irgh 
etevatrons, especially on the central 
plateau. Research during the late 1940s 
clearly established the biologic arid 
ec rirmic feasibility of production under 
t1hs conditions However, since the 
haivest front the traditional winter 
production areas increased rapidly, and 
was generally adeuate to nreet demand 
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until the late 1970s, the production 
potential in areas at higher elevations 
remained largely unexploited. Within the 
past five years, the area sown to 
summer wheat has increased rather 
dramatically. Expanded cooperative 
research by CIMMYT and INIFAP to 
broaden the spectrum of resistance to a 
number of foliar diseases, as well as to 
develop varieties with tolerarcfe to high 
leveLs of soluble alurrinurn for some 
areas, is essential if the full potentiz of 
summer wheat proiluction at high 
elevations in Mexico is to be exploited, 
CIMMYT also has interest in 
development of such research for use n 
the Andean region, in parts of the 
Southern Cone countries of South 
America, and in East Africa. 

Establishment of International 
Agricultural Research Centers 
With the successful maize arid wheat 
programs in Mexico as a model, arid 
with the keen insight into the worsening 
f od shortages in Asia, Drs. J.G. Harrar 
(the first Director of the Cooperative 
Agricultural Progran in Mexico arid later 
President of tire Rockefeller Fourdation) 
and F.F. Hill of the Ford Foundation 
helped to establish itr 1960 with the 
cooperation of the Government of li-he 
Philippines the first truly international 
agricultural research institute- the 
International Rice Research Institute 
IRRI) in Los Bafos, ihe Philippines. 

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

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

CIMMYT'S Research Contributions 
In cornmrentirg on CIMMY -'s 
contrihutions in maize and wheat 
research, I wil treat the achieverments 
made during the years of toe Center's 
predecessor organization as part of 
CIMMYT's overall legacy. Given the 
considerable overlap in research 
personnel hrm both orgarrizatoraI 
phases, and the fact that CIMMYT's 
operational philosophy is modelled largely 
after t, predecessor organization, it is 
appropriate to view both phases as part 
of the same continuum. It should be 
noted, however, that many research 
breakthroughs attributed to CIMMYT, at 
least in wheat, were achieved prior to its 
establishment as ar international 
research center. 

CIMMYT occupies a deserved place of 
distinction within the agricultural research 
cormmunity. Its staff- past and 
present--have played pioneering roles in 
the development of commodity-focused 
agricultural research in the Third World. 
Its acho, vements in the development of 
high-yielding wheat arid maize varieties 
with broad adaptation and enhanced 
yield dependability, and in the 
development of the agronornic practices 
that permit these improved materials to 
express their high genetic yield potential, 
have been exuernplary. 

The greatest cornrourcial benefits of this 
research have been achieved in bread 
wheat, Triticum aestivurn, where the 
improved technology was married to 
stimulatory economrc policies arid readily 
available production inputs and credit, 
which promoted rapid adoption of the 
new technologies arid led to increased 
yield and production in so many 
countries. But considerable impacts in 
several countries in maize (Zea mays L.) 
are also on the verge of becoming 
reality. I also consider the progress to 
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develop triticale as a conmmrcial crop 
and the efforts to develop mtrtionally 
superior aize rmaterials to be ioportani 
research achievr-nt.BBoth of these 
projects involved Mo(iurri1 to long -tri1 
hasic r .search and are now wmaiclhooq Owe 

urt whern cororoerril ;yofts are 

pos ;ilrh -Hecent efforts to devtel)p 


irirtie with gre;Ite.r dependailriity of 

yield trji(!r enior ntnta .-,;tr;s and 

CIMMYTI 's ontlirii r; r hseiin crop 

riiriririgtirr.nt teirfii(l(hrlo .s are ilso 

signifhrin ;ilivitir' ( F I tIH h erill of 

the invited qinit;, ii hrir r)nriirntrrt or 
;ich rf ths.r r i(, h c lt tlrntorl , Is II 
,,rdr 

Broad Adaptation 

Until tin'I P. Os, ,tllno)gh leniet!r(
Stil io 
nine, e-t. today, ilarnt breeding 

tri(}( l; lo+Ij tlhrt ttfn only way to en-rm ! 


the rlolooirt of hlnngh-yie(lIirr 1q, well 

iliptord vlietles was to serect thern 

tlhrough aill segregating genetraions ir th0 .
 
Iocaton where they were to he giown 

(:orninercially Frced with the urgtnt 

rneetl to dl.velop whrrat v 'tris wilh 

oi(:ejeitablr steri Ilir; r,nst:i (ce in 

Mo, irii, ai(('lci l(i 'riv rinli t to Igin(rr 

d(p Ill H d w". 5s'(!Vfr,i ;irloo irall 'rit:is 

itiil Wll trrid thi' lr'if arid 

.s'ieetirirof twvo S(urg itt I ternornrir 

(I pro;einy e ,inrh yrii Sinior illnftrr 

rice~s or cr mihi- t weln )li ini -iit 

varnions lrcI::trons, niillihc,i l )ril testn 1 
pt Imitlted tii-;cwteriing p iugiarirI)t tini 
hI) more inrdhte icsuJrtanci (road 

spectrun to) s i ist. ,i; '-'l as to 

other prnirc, Moreov vilh ,vii 

htnieignc rycl(e; 'viwi 12 inrnfhis, ai ri- ,v 
vrirlli
'.CrOtln i;(ntir'lly 1'' rr t* ip(rli 
f iiir r t li ytc iw-i-rrriirithe in !i( 


tinlnnt'd with tirir umrivf~rln)iln niutie(
 

Io aincornJ llc,; this, w( rjirri(JtWO 
prirnCipirr io ns tn Me.ico s rrit((j 
flrn on ainother hy 10" I litnirJr (arn 
with chiarigirig Iiylengtri;), with dnfffrin 
t'rrritperaturibr(rcrir;su( rua chani, in 
plartirli soiesrs, aind with iliffnrurin:,s ii 
etevalon of 2600 meters. S(rgreginatri 
populatiorns were shiuttleiJ hlrtwuren, 
grown cit,arnl s(!lected in tls(r( two very
diverse enrvirrrients. Soon, soie 
(inexpecled res-ults slarted to becorre 
rvident fron this unorthodox breeding 

approach. Progeny from certain 
individual plant selections from a very 
few crosses were soon observed in F3 
and 1-4 generations to he early maturing 

rd equally wefll adapted at a number of 
loc(ation in the high central plateau 
around Mexico City, in the Bajio region 
;!i Iralpuajto and Loon, and in the Sonoran 
coas.tal plain at Ciudad Obregon. Once 
this Uniniie Dreadlr Iradptation
 
combinried with eaily riitinrity w.ns
 
ricotnized, tIhe ntensity of selection
 
preSSLIIe waiIr creaserl. 

By 1918, the Princess of Serendipity had 
sirhdd on our ijnoithodox shuttle 
hreerfhin. offort Two rnw vaneties, Yaqui
18 and Kentana) 48, had proven 

themselves to he high yielding, early 
rimaturir, resstmt to shattering, highly 
resistant to stein LISt, arid moderately 
resiant to OJf orod strpe [List. Because 
of this co,(n Tir itnon of tr,-its, these new 
varnetier; coni;.l he grown suc:(essfully 
with propur daus of planting ovei a 
rang( of cliniatic and soil conditions In 
Mexico With their daylength insensitivity 
;rind bionl b i r irustisrslanc(, these 
v rnilies, or thenir nat ,vos, were also 
lator shown to hi- top vieldors in tiany
;roduclnn areic; irn other derveoping 
C'ountries. In the initial ,,'iirs, this 

eei dinrg approach also rcdicle the lasks 
of seedJ prodLuction and distribution 
(uris.ri. W ith only a few varieties needed 
to serve commercial farriners- rather than 
the doz.on or niorfr that would have been
 
necessary if narrowly adapted varieties
 
railbeen developed- the work of
 
Mexico' snrwly fornerd national seed 
i , Wdncs icinwir'h iroreurcltnS roridir 


i rq! ibt
 

v'hili I ,rii ti p lopon itof the utility of 
(lvr)i rnoj Iri idly aidlipted triterials, I 
irr not jidvoc itir,( thicit plant breeders try 

to et-vr)op Ia sirlqlh iirrversil vrriety. This 
wounild be UrlwlSte frin the standpoint of 
gi.rietic erosir5 and diseasr! 
sulslcephblity, as we(ll as lnwiso III terrrs 
Al trying to optimize yield p)oluntial, 
especially in many problerti soils. But 
neither should the urphasis he or; the 
dlevelopmert of mateials with such 
narrow adaptation that they are only 
suite(Jd to very Small rnicroenvironmenrts. 
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In this sense, a crucial research ISsue in stronger straw tor use as parents in the 
varietal develoon ent isthe delineation f bhreedng program. The enure World 
boundaries for rho var-Ous broadly Whe t Cotlection of the USDA was 
g erl ali/ed pforlctiori ervilorrntrrits ',c1eeIi;d for straw heiqhlt aind strength. 

In ate 1952, Dr Orville Vogjel's 
While we were pinpially rranirrLiatir,, pti'r'irliarv suYJ:r; wth incorporating 
)hotop(erlodisrrr throuuh ott shllth' do ikv ifrqir go's 1'orri Ni 10 (a 
breeding tecruiigues. Drs Hendricks, .Jrirri tr 'hig-, into US winter 
Borthwick, arid Parker of lII) US vha tIt 'ri it'!d rnit!\%it to bV the hlte 
Departnre nj of AgrurrirJrit (USDA)v(,,, l 81 11t BRly;a lht rwior wheal 
pro'iding ti troirlicail epim tiorn rf r air( f l [ A , t o 1rra, I aM 
this ph riorreiurnr 1hroighl thrir work on d(eply ilrltif);( Jfor nil%v'wise 
the rok; of iiht fphotoitreri i ' aold t w earlyIl tl;iit ,coa.ii ,ei lmi;a lorig tlih 
Seed (]rnii ln r T to) ' l ofi-i tw Coo tmri tiv iV';rrior , ,i!(n ' O ty!fixicmiri 

fri;lirg , ,, I nogi D atirlow(,rin(;, ilnd tO awv era h ii i wri h VO(gel 
, 0 n '';ti'tlJ Klrils 

it(am tion InItink;slrly i )if,tirJ, Herir 10 dv',irfrnj p}rn'sfrous(" 5 
t n'l Jl'ii'ri tihit :';it ,iit o id /1i0(llnt its iri at s irrn;lv (w;'itbr;edngI 

explinm tjridrirlrrj trir-il)if 	 rrwt;.iitnhrit (:)riltrirniq 

twas (rOntl dlijtyl)ta Or ic n plar [r(jirirrl I 1 5 , Dii Vogq, kinrfy stilt 
g lrm,. C rirrant ic-J i toi(, \f'' s from thin lifff!r(rilt F2 vi lni ti( irs/i a Sf'lt 
allhotnrunclh;iir ly! l/ t\"i) -olm('tot, TlOthiii (:hJiSS in 10 xi prol ', 

tm7oi (t fllts ilv'.t. .( i ;t/llo 'I B aft <ilclaihnv ' icC i iim rar: of five 
l r ~jlrbt~r) ( . %tll(flrin f Ohwm 	 ItffO(I~li+ !rt' [I ; m ia l- fi()mi cfogs N oliin 

i nrrrrlitr miiih(ii;d Br atj,in ir (:or ) hy nor Ir l iivor 

thw; iiitrr(tor Ot lilnt (;onlrolti filin-
rln iurity dI )h(rtgiIeridiir 111)(Itl rosi Q-i' htuit ;ttnrn ts to crrn; tire IAhxi(can 
tht crontrol v(.rrii tiori (ltnr-)p(ritrtJ s), ririteiIilN to Vorilel'.; rri tf+irtls werir 
riliklrint it rsritli? to is)olat imrany rari ci(; tl Sinc( the No I Brevoir 	 1 
dwff wirit inntlypuic.(;inrtn tir is F;Itb;linrin; winirl, s/nly ii) flo wering they 

ti lhi;
vvifi i i .il lh,(!i )e)inwin ts, Find 
_erinct higthly siscf;r pllhtliIi llthwren lsts 

........ ..... .. .. .. ...... .... they \mVtrt k llh T( cilitl l ~tI til l. .. .
 

// f I m o )f( f " ti'i\ .i ifr)f/I producinl vial' I:1'i Using the few 
CU ~f(,','H ir-Tlt'! / ',,!:,b'( 1i,< :enrairir sO ds 'i. ;/ P, ! r;S'i2 secon d 

attenirt was rlmirh in 195-( metwas 
1 ' if-.' i / /1 !)t( .; succ ,sSful Inttw F-1i rndF-) lrogeny 

I;/ ,,v! 1!:7! ; i [)I -,t t cii''' hteirw n Mi,xican[ t l ( h derived frorrl 
I/t,"[i, , H/17/1H(7. varieties aid Norirm 10 . Brwvu i es, it 

hecarrie vicdn teat a new lype of 
-_ -_-_----------wheat 	 ruch hiqler yiolhinl hrn vve 

had seen before was ftrthomring In 
Brtturou.h hi irh; early gori( ratiras, pro!ny r' ved 
Genetic Yiekl Pwot icntlty fhorn ti Nuu iI . [mt o,ri uxxicari 
ThIoug]h su ,cessfulIin cm early (in'' s Fhe rmoist Ovio ;rld worrisomeubfining Y 1 
rmraturity, dis( :c5,';rsst ric and broad proble m th il igh (. (If iale 

adaptation it)thi?irm!overJ tallculltivarsT,;sterility, the late tillers,especially it)
we continued ti faic( the harirr that which led to rirch lilnisculotus 
loi(jrl( wis ; i rig oil (1l;11i yild As OItIcro.;.S<-Iri( In airt, lh airrOriJit Of
the is; of (rtui i itr ossig it)rirrt(rrf , fkjllihtrirn :-a "iw iii first vctr s ir
incr as :d , ( 1jy inin; ih S labi f brcoEdin, ' 

St~~~riji~~~ly a ;totrIIIr)[) timt it (onts rtcrirbofbed
Sonora, Ictlinl xiitlii i:imirr (hie ri rjOr er trim reliafrn!ity of arriy af Owi' 
prohlJ(ri lirrnlliniq yiu l' 	 pefdigro s tle s,corid suntrl s defect 

was (rinil n 1'lly.'L. i he grain invariably
During 195 atrid 195.3, wve nrnfrd was harlv I velled, soft, arid hlid weak 
corice retd but iinsticcesshil to serious defect was theeffort gluton. A. ".-ird 
find stittable rrateria; with shorter and 
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high degree of susceptibiliiy to stem and 
leaf rust introduced in the progeny from 
the Norin 10 x Brmvor paretrs 

Various types of crosses w(.ere ,made and 
strong selection pressure was exer ted to 
attempt to overcome these piohlet, is. By
1962, seven years after the first 
successftilI crosses, two high yfelling 
semidwirt Nomn 10 derivaives Proih 62 
and Perrjaroo G2 with broad hased rust 
resistance and adaptation to a rarge of 
produCtiol ernvitonrnts, weIe eaorhtdo 
ard relelsed in MNx(o for cornimecial 
prortucton oir fesearc'hrWhile ahlectiv 
to ttsing tie semidwarf rialerials was ao 
[lodthe th inr:iderce! of lodling, \Ve 
obtained an trexperted h-riefit of 
rna[e:wfly fiwgh yioid ,oteritihral, lue ir-, 
large part te thwor itiontinq ,f rro, of 
th total (r,,, riater rite gain prorjta:tion, 
Iri iowa rehea:;e( iotedv,,irt variet s 
hd yields )t 0-6 5 t ha, icxoilarld to 
the 4.0.4,1) t/hi of t , tall, mi)rov't-
Mexican qnoly that were asoe in 

11h1 cosss. (-)irvoalsly l.dditiotal 

gentis; wore iit i 
 i(l tIciri n ttei foriri.rlv 
sr) ealh.,d ht Vitldira! Mtx:Iari 

lrtles tiy ttwii Norrm It) arnt Broot 


prwrils. 'ith iholh 1lrrils 
 ]
t inctea'set yiid ;)oet ial 

Diffu;ion of Sernidwarf Wheat Varieties 
Since the early 196 ts, Iha 400tre m 

high yieldinig seo i(\i rt sring wiltal 

variOtJs derivo t from, crosses ;ciadir at 

CIMMYI have hert 'eleased n sortie 50 
countries. These mattrials, in gentr ral, 
have rmIuch better disease resistanic(e titan 
the local varieties th;t they have 
rplaced-tiy also produce mri go ,in
lhan local mater ls utinder low hrtility
conitinrs. mid hive the capact1- to vieid 
up to ice a: ,,':ija. 'rs trbaditiorial 
varieiLes o dttr httehfrmti~irzt and 

noisli re conditionl.. 


Ithe area in whihlithse st"rnidwarf 
spring wheti va-wtiews have deotriotslrati(t 
stu)erior yield perlorrira:e is vast 50 
million Iiectar(es in d(revelopiig courlte-
(half of the total wheat aeal, as weli ais 
approximately 10 milrion leclaros irt 
developed nalio s. third World wheat 
areas share rrary COMtIon traits in 
lerrns of vrietal requirements. Rusts are 

the major disease problem, moisture is 
geneally not a lirnithng factor, and 
internediatc maturity is the major growth 
period requiremnt The materials 
developed in .lexwio had these
 
characteristics. in additioi, their
 
daylength rsensihvty and other
 
agronomic characters made them
 
adapted to a very broad range of
 
production conditions. But the cur ent
 
coverage ot available varieties also
 
proabls delineates the boundaries of
 
these tiaiOr production ervironments.
 

ei fact that 50 rrillion tiec ares irt the 
developmg worid trave yet to .o planted 
to oriproved variaties is an indication that 
new gene 0eals and more specific 
selection criteria are likely to be needed 
to dewveop suitable varir:es for these 
'ipowiIh(;d plobler arehs. [hi.-Se 
onrrari. irilrle locations wirh acid soils 
arnd high levels of soluble alurninm, 
alkaliine sits with high 'evels of sod;um,
 
arid soils ir irrrgiral rainfall areas.
 
Throigh more recent research efforts,
 
rri of the production con:sIramts in

such areas are now being eve, cone. For 

a tt , as a rrmit of a collaborative 
lm-tittitti program between CIMMYT antIlrreeding 
the Brazil'an Agency for Agricultural
 
hlitsearch IVEMBBAPA), Ihe Feleration of

i3railian 'VVIeat and Soil Cooperatives
 
('l-COIRIG), and t!he rganization of
 
Cooperatives ol tire State of Parana
 
i(tCEPAR), in Braii, iigr-yielding
 
vanoies with Iol rance to soluble
 
alulriurr havi- ben (leveloped.
 

Development of 
High-Yie!ding Maize Materials 
I ocal rnaie varietie., in re tropics and 

stntripins proLiefnsilter(e;i 
similar to tha! of traditional wfheat types. 
they weret leafy, grew too tall, wore late 
1iahttrinq arid ended to lodJg heavily 
when grown tinde: mproved ag;ronornic
cndilion.s Co, inrae(I to US Corr, Belt 

atoitral.s, tropial maize tiaterials had 
vi', poeot harvi' indices, with up to 
two-thirds of their total rly rialler 
partitiotrd to slcvr instead o,' grain. 
CIMMYT has nad sigignlficant
conlribtiorns in impr(poving Iw harvest 
indices of tropical arid subtropical maize 
materials. The Center's efforts to develop 
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for the tropics and subtropics more 
grain-efficient, yield-dependable maize 
varieties, whose seed can he saive!d hy 
the farrnuf for planting the next season 
without significant loss of vigor, have 
been an important ri(earrih contribution 

While a recurrent selection scherne his 
been the basis for repartionimg total diy 
matter weight In Maize toward greater 
grain production rather than the 
irtroductor) of a dwarfing gene the 
results have been the sartci the 
improved manizs have r'tLch higher 
genetrc yield pote, tiril thL'o do the 
traditional local vaieties A ! 'st( m of 
rrultilocatIonal testing, first in Mexico 
and later it dozris of locations in other 
countries, has broaderlnd the adaptatioc 
of those rma!ie matriaws, riot only from 
the stdttrrmot of ihotope.,riod 
insenstivity buti ialsto In tnrris of 
iesistaic to irrportart loliar disn,ises 
arrd to cer tain rlns'.(,s ; of irnscts A, a 
conPseqJonce of this; woll, )'i (ew mces 
of geretic variafbilty rave hnv i sinpned 
to many ratlirn;il rmize mprovrnert 
prograurs. Tins gerniplasm can be re-hdily 
LISed i t; h!uigo isert to irrprov 
lot'aly rhi,.'irini,'I rateriais The 
irprov irr, ,.,developed througO this 
in thodolo'.gy 1,!,sbf;rr a collaborative 
effort with national sr.iectists throughout 
the developing vvo,ld lhis research 
partnership has produed 1000 
experirnental vaielies, ard some 150 of 
these nave hotn released by 30 national 
governmerts to: cornmercial cLiltivation. 

Quality Protein Maize 
Thr dlsfovery of t0fr irnproved nutritive 
valu oh()opwior. ? irnlze at Pturdue 
University in 193 LIsher(Jd IIIa period Ot 
great (euphoric activity direc(ted toward 
dueeloping maie vanietics and hybrids 
vlth r.h levels of lysine and 
tryplopharre But the euiphoria laded to 
frustration, and this effort was 
discontinued by virtually all privare seerd 
compan .; annd ovrrrnminnt and 
university programs, when the 
unfavorable linkages associated with the 
opague-2 gene became apparent, 

The CIMMYr Maize Program, with 
excellent close collaboration between 
grmnticist-breeders and biochemists, has 
lradually overcome the adverse linkages. 
Currently, severai open-pollinated quality 
protein niaie (lPM)varieties with high 
grin yield, hard tettured kernels ftint or 
dtrt), and good disease and insect 
resistancr inave b(,on developed. This 
vor k has shown that the adverse 
linkages conferred by the opaque-2 gene 
betweern high levels of lysine and 
tryptophane and low grain yield, ,oft 
groiln texturo, aid susceptibility to ear 
rots and insect damage can he, and 
have been, overcorrie. Open-pollinated 
OPM varieties are being grown 
corrniercially in1Guateniala and China, 
arid CIMMYT is now deveIopiIIg QPM 
hybrids 

It ipp rnist. rue that ,ie development, 
iccepi ctarc il materials is, us(! of QPM 
now islrnilar to that of tlh- srmidwarf 
vhe at varieties 20 years ago in India, 
Pakistan, arid the USA when many 
noisy skeptics said they would never be 
accepid. Nev,theless, look what has 
Itrtonw];. in QPM developmert dJrinrg 
h,, past 15 yiars! I predict QPM ton will 

hve. -it; rlo " in 'he years ahead. 

The New Crop: Triticale 
Triticale (X. -titicosecale VVittmack) is an 
irnpiploid species developed from 

cressing wheat and rye (Secale cereale), 
employing either durum (Triticuti 
Itirgidum var. durum) or bread wheat 
varieties as the wheat parent This man­
made new ceial, which now pronises 
to hecoIre anIrIportanl food and feed 
crop icrmany areas of the wold within 
the next decade, is currently gown on a 
total of rriome trail rre Million rrectares in 
at i;Ost 10 CoLntries. 

CIMMYT irnheriteid a sirrall triticale 
research program Itri its predecessor 
organization. At that time, all triticales 
were tall, late matuing, and highly 
sterile; the grain that was produced was 
also badly shrivelled. CIMM fT 
established a large, broadly based 
breeding progiam to overcome these 
defects. Despite criticism of the program 
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and predictions by some theoretical 
scientists that triticale't defects-
especially sterility and shrivellng of tlit 
grain wotild r(ve)l [,(, (verriom, on(! 0 y 
ore limy havl: een conquered 

Today, in acid soils, especially in the.se 
,',^th high iVeis of s'oliuble aluruirniMi, 

triticalr is fiji upJji)nor in grain yield to 

wheat Morov(i, 'vin irilarny areas 

with good si ils u'ch 's those Ir the 

Si ti of SorI-ii, Mexicoe, triraloh yieldls 

ismoun ar the iest bread wheat 

vatirer( II thi? Soviet Union, Poland, 

Aosi alii )pir, Frarmi, West Gerrnya, 

(2arai(rJi, J-,\,A Arqt]rrlui, aI, JdMexico, 

'ci, iru t uc(:I'rll 1rr~ltCale 
proits-tuion I!. r i c rItritfJJ, lIhgrain. is 

I) -md Iimm iiyl 11;lis it alsou fA Bill 
ml, rllrri is ;I fon 


grlln VVI itir<, (I (fleliki fliirIH 

ti(r - Jlrrrii winni) ff; pri)orly hfl dod 

with flr ii w iir the
hornl brtea 'I ndi 

dou(h i;saqpproprlately hran(li!d tlrin 

fhrrs lertrilnr, lr(. ldrlciif wi'li
Wirl[te 


tfrotj(:( i 


lle dtr',a'ur sir i i of triticaic ti) 
: tlh tr.! sI also if ;igInifirir(e, 

w'' wurr llv III M.lr :r II wr.erit years, in 

(erltairi ssviionmrenr e.t n tal
whtr ruvin 
conditiini; have tioen fiv.rrble f heavy 
Ilection with Neeovosju itidj, Ithf! 
(ciit;I arint of Karnal irint), the huvel of 
(rmI ifctlll or) hrl i(ed w lieat varieties 
was- fiavy ermJIgh to advrsely affect 
)Il thfi odor and taste of flour and 
Ir.iud Uridr these sarime conditions, 
!;aim froirl dIurtirri wheat varieties and 
trticale varimwtu we' either entirely fuerr 
of Kal hirt of ily harl a trace of 
bunt Suic itI'; vtn y filficiilt lo rlend 
(IlhItrwh,'t ,ir1 Ifiaad Vleiat flour I0 
riake satishinory h:i , lrilicile flour 
effer; ,rviall uflt lrative hoi hlirirhing 
wvth hlid wheat flour. 

DurUm Wheat Research 
Dimutim whea i;tst.ud primaily for the 
produiction of pasta products and 
crckers. Although dtlriurn wheats are 
grnwrn on approximately 10% of the 
world wheat area, perhaps no more than 
1P% of thIN worldwide varietal breeding 

effort on wheat has been devoted to the 
improvernent of this species. Even 
though the Noiin 10 dwarfing genes 
were successflly crossed into both 
Mexican bread wheat and dururn wheat 
variel es in 1955, because of shortage of 
scientific manpower the major effort un 
Ihr early yeals was devoled to the 
development of bread wheat varieties. By 
1967-68, il had becorne apparent that 
tire newly emerging, improved semidwarf 
(Jifran) valeties had Lrusually high grain 
yirwhd' potential, even thoIgh hey were 
!,til plagued iy partial sterility and 
.hv,velkd grain. Graduafly, over a 
;ioiibit oufyears, these, dof(cts have 

'i(i conructed arid early-rn;turing, 
ser11idw .ff (JurUni varieties with good
millingl arid pasta rrakirgi properties are 
row available. Alit,,uJgh these durum 

wheuats yiuld as much as the best bread 
Whe?at varieties unuder irigated as well as 
rairifiid conulifrons, they rave a narrower 
iiriqe of -idaptafion thian tire senoidwarf 

a w feat- Thl' (furaIri whears
 
(current' aviflabhl ire also mole
 
sriscoptible than broad wheats to
 
F:usiirnn spp., S'efpona spp., and
 
H /I.rnrtiosronrourn spp., IJt are either
 
Miore resistant to (or oscapel Karrial
 
brit.
 

roday, CIMMYT-dorived seomidwarf 
dtiftrn wheats are grown commercially in 
Mexico, Chile, Argentina, Algeria, 
inrisia, Turkey, Irag, and India, as well 
as in developed cotintries such as Italy,
 
Spain, Australia, France, anrf the LISA. It
 
is probable that by widening the
 
geirnplasm base and exerting strong 
s0uhetiorn prerssure On segregating 
poptulatiors, new varieties can be 
dfeveloped which will combine broader 
,iriaptitori with broader disnase 
insist inci , as well as drought resistance. 
l-urthermore, smc,; the rrost promising 
CIMM YT trilicah.s are derived from 
crosses of dirum wheat x rye, it follows 
that an iIggiessive durLrr wheat breeding 
program is an important component for 
supplying improved parental durum 
varieties for use in the triticale breeding 
program. 
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Crop Production Research 
CIMMY T has haid a tradition of beingj 
farmetr foctisriai In It,; moseamch appro'jtil.
Althfoughf tire (f iri isfrTIoUS for it; 
conlitrufrtiois in pirrit trrr(ertirro irnirrort 
ge(rrrirptsrr iias only\ hirer,its r:aIlirrq 
card. We isi,' ri~iv(; senti; frrOwneud 
irriptoved r Trmr(Iqrrirrrwn t 
different pi '( tIf i wor t in(]t itil0 

sc~ienltists it) ;iI i-w 
frigr-yslctrir'. irii ; 

cutaiysi for i ~c in; 
rgI(JfI(11ri,I !tl'KiihSI ;Y, 

tJiVtril Ili( 


i Ikrvt( is" ttic 

r; 

01' (:OIi 
(of irc;rrlipf~ IrJ'mivrirr;;tii',qw' 


r)1Iciv~tricicr (d i '1 1l 'Iii htii~iirl 
trrr1(ill~~iwi
vrclif l;ri 

hitijv1'hi(if III[!-vrrrii 


ptrirticli'rr 


Sj~ 
I Ict/lit;.( 

t/f 10'I/. I i n /ilt 1;/Ii 

fokrifir iol 

itriiisrr; 
II 

tyfif 
I(w 

ii 


are aflt exampl~es of national production 
carmpaig~ns in which CIMMYT staff have 
playeV(d imrpoiant roles as research 
ciIii~ists ;urid tri;ritors 

Inthe 
;ari 

pta' t Iin~i, 

ill runH0 

Ito~risIl! rOprrratrrrt 
cirl n~mIhI CtNMM> I hais alsoIrrr 
luf!iin relic, in Owrtid vuopriril 
eftrIV( ' 1 01(t prrooi es in 

t!Cir(iMistS work toctetie! h 
trrrr;Itnrich; '( I iriaor errprrasis orr 
(M ii'ia r i riwit;i liar 1 thiepsx~ it)ric 
pra(tiitiori i:omfiitiorv; it coast research 
'tit ti ? not ;urfficlowlitty Iytll of theo 

hhrIuil~ ' fbwrI hi ci ' s 
d j r I I'rr [)rlr~t(()I(in)j i o 

f, trcrnarrorrfoo
 

icirit-.
wm hmi;mois i; 
CI-rvu !i trriils, i ril t tmtiJiiriiiiJ iii 

m li; twt;~ it.!m 
rr'fs II;fritI( iml m rtIn, ho 
gle rrivr to ciltrir informrationr 

Sirnicu it iriiptiri, CIMM~iYF ficu!aicVltit v'rofwirtr.( A rutI r:'i~vfvOit w;;of 
to rrrnploc (Idol) rrrinir an sprrci~rirl "' 

Who mertrn~tii i;,i .iwc hrir 
ofrd ti o t'' 1)[;, (!i 

Fttfhidiit , liii~o traidmilI ieurrioriri( 
rw, t 01 ' r[ 1~ial-irt 'ruclt;illvi" 

arid wvork hr 1;W1ii' pitllol s 
anrf tr'oariiim;t;, mi lire solrtiii PO u 

c 'Innj~irrrr irr~i i' ii'rti litjj~j, 

rsirarofi d( I u h ii wfli ii i y 
(ffiuctuvisit il'r' iit)'t iItIM'' to 

irr~rrusc Iitrltllrrlltlli 

hlroducl(tivi!V InI rCrr!itirr;;
flrilrr' Orftit( 

rrrrcrraWrrld v iri' iIIIull mil nfrli 

riclysinri tii ;rrurt'r;;trr d'sfr(rtfin 


t'It friiirii'l ii 

International Testing
 
If : '11)(1, OWs fri-iOf trrir l e; 0f
 

,iwct5siv( sIr mr rt; (ocerira cgrariist
~ipiitilli5 ,tmii(Jtf wfuat crop in the 

p!Irr11 wir Of th10doram 
wfrrat, -is wel is aircirsitatte parItof 

ir atVIli(.!hri l iirvh(d: . lsritirstiryed 

Iliii?)liilidit\ ic is i:iiO viri(ltnrace 
1![3 wtrr';ti O;cri~irf'r;rroyrnrwar; f 

ill Ojf tOwtrfini irl hilttiit vviit 

';rri'trt tfilni in ii);i rirrrl~ll A~ 

sin'om it) ) kitin ArnI'iriitarrmcrnr;y ;; itfmwrI;, 

icl i.c r;rirrd of wnrrcatI,, t';sIrrr 


irrtrr~~~~~rfiirrit~"w(til f iu lO t l; r prrr h r(" i fru~tmjllrrn incrrri'r lirti'IH -Iirt Ofru;H1 oirthrras rnrruttri;rtrtirrr rIf tiw sntl rof the, resistanit 

rr ridt th 
 Afr rrrtirrrr
an mor continiolrr to croie; re.sistant tiirs to 
in thru Sotittiur Cone of Siurirh Amneriraj tpyruunid arid broarhorr tlft enrres for 

resistanceu A raici; as 158as viriterrt 
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dtiearided thre wiriest po.sibto testing for 
resistant materals in th ' hortnst 
prossijlk; ltire. 

Ai (fisstre ii tiim riitriqii forrcedt 

sw(ierni.' ot y r far riew soutioris,
,ii2 o 
'Irslij
lt )fti ; crisis i;ar li ly-tiviS, 
irtely ouIcri t I1a( fershit) of the Ito, 
iW, I A rsrnhwiscr, F C Stakm-ar, 

tfiit air(; 

(jiohfldiw iJln Inri- ]9)O, ie JSM), 

,t)p'ihc k) (Sl ite o mritlitf!; ., .i(, 

Ca wlf[:I I, LKijlard , Pl f l, Chili 131,i[, 

Artrrftilr2 Caiarf;i ian 


,lfitid .JISlr) , stIll Ntrrefilinq 

J ('f to ;h'2i 

Un if iJ itnt ,ti;tllr il
; 1000) lirlw;i 

t l i tiht tlorril Ii S \"irif 
it (Ur l,' ' n 1 iirlrf nctil,.s'r idvi 


il iriirilli l hj iii; Sitilt lilt 2 01 
, rSiJ[()ll w-A liq
[)r(Hr~t~hHIIh; ;I) '(HH(;! 

I)[t:;¢I{I'C f'J",fl/;[H 'd y fv,,,I .,(( 
f.l ; ltit ''llrthur 1nit Cat I' 15f ii 

itt 	 ifiiIh)ijd 
hw'd~w p 

Iit . if i3)if.,I I, IIhrt w, f r , of' Io+ I~~r'it,,, 2l:,+St li i'Htttl! pr(i(i;';r 
, ,I, ili'[H II. itl IIO lJIi' d i2rl1O 

1- r ; if: ,f tl 

I'd, 
 f 'I rvfl.(". ,.i~ Ji t , , 1 111(0 ', ,Inl , hI;d x, ', 	 r11110 1l 

Ir Itr t ' mr[f tilt i ttIt() 1'it s r litr : l 
ffl'itifh1'1 I Jtr1llh~fifiIJ' t h,i I)Il 

2ad1FiB I 	 r A 

2' , ,n22r,I , I tir )pfnif f I 2! rklIthi Ifi 
IIJii iclhi or inli )isryiWitiil ie 

itrlnl ''.ro, fwt rB At )f atifrmristi 
;iwiV 1 it( Str iti-rtutir Irral Sern ut 
it rr I r:iimhtvi r' ()f (lsrnplrri f ir 

II ,, , i ,r un S if)t r2lty loal l ahmr 
C f .of,'1 ir i tircs , 	 (,il fhnuarhri 

ud 	 ;itfir ultht e rrlrfltir k 'liclifs tl , m ly] br} vu' ' irWur h~ 

1(1-I*h !t i(fv::r(J lirne,;flrom thwir 


hr,c(fi rifj H l.- to lfdlow sr:werjdis';ls- fr; 
nf1:[
ff~ hi t !VV Vimltwsl;. 'voidd~h)i2niml(Ad 

,mdittl ~ e w l ollop)e.r lf',(,.mjrltlorl
 

to l rii,flrdr rgarilrz hjI loli oro 
il;onsifut.. Balely were early (eir;ritiiiri 

srgrigating rmihierials distibutled to (ther 
scientists either, largely for tie siane 
rea sons 

The first attempt to establish a 
Cooperative International Wheat Yield
 
Nursery was made in 1959, when the
 
Mexican-RF Progran volnteered to
 
orgariie, prepare, aid distribUte the 
Inter-Arrie can Spring W heat Yield 
N rery. lhis nursery inclu(ded the rylost 
I spring wleatriprtairtIC0Mi ercia 


vwretis then being giown in both
 
colrti er it.,well as aI rlijribet of
 
rornilsing breading irmiue programs
ftroll) 


Si Mexir.o, Cwri;iaJ, USA, ColorF bi;i,
 
(hil, Arqfentiri i,' ,urd Rrwzil. 11w ri ery
 

riivv'r w\/i II tJi'rrtmm tr am i ,- n 

(:')lriris; (if th Ariii&i; I slnursery 
l.hlrlywtiitlhi;if Oiw fhr(tii ;irptrtiori 

i)f (fi tvt',ii:iri v~iril ftwI:; ir, cOtitrii.;tto 
fil!l:i rtt(f;Iojif tatu)IIr)r iiticririr'sorliltucJ; I iofIh ii I r fatt sq(J,- lItitiiif?:5


thiln! kmq(L hI,-I(Jtlh vJrliwl(s (odtced( in 

Il,,J t 	 rt A fjw, 

'A'r'Itc] ( r t /ir trWA NeiKLehaA 
uir 
 h, ,ri.t r 	 :lt fr he Inter­

mjllfl ) itr~j it~d j, ; fiy, 

, v,th .ii /irel r Ffili'til.(d siIF-Aor~
/\)r~(;, trir l-W ;:trane j " Jtf
 
.W( i m i i t Yi( Nt :ds( y, is
 

ri; t )llIrw Foo; Indlr w t tid; 
tti iitiiorn I a North( tAtRfponsoredA fri lr; N f;.- ,iridJ M idliJ h [- t w nr W h(!.t 

a' ;hidroi;i r )( i orritm ,wi lr
 
V nJrl(al;!,!t(rom
(t( i ril ; ,wiw it late 

cislIt ier -rlfAh it i;it Y i rkr lm,Strirtl 

r ;at ttrviVi 	 if, N i v were2! 
Irit isTItin tc o yf!r-,s ater, 

Otrwirs; Yal SiaNrryW Yield 
ui r ;is i iiridti(! Ni r East faxicain 

tr iln ,jt Yfs NiitMirs, weritew h 
Ci ritirti toiiori ty inri i national 

W iwur Ywir tISW YN),, wiri(Ii iirr;ory 
htla (r 10 hIS (LY drlJ.v.'hw;- rhld i,ltv(, 'I! ;In Irvl im~lblo 

flid", f)j ,,,hvlwiltl ,rltl.'sWho 
(. it w t~(11lfj!inIly irn orflrirlg national 
ih,t!f~dlriqpjroojr~itri, 

iny, CIMMYI -;ervos as the hub of 
iirii2! of th( Ilrq~st grrrpnrlasn distribution 
'ind testin; ritworks ir the world. Each 
yte;r, iver ori rruuhllon packiets of maize, 
whiat, and triticaik expeirriental seed­
(cairrying significant amounts of useful 
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riew geneil Va ability atil sent to plant 
screntlIsts it) fn5,0 thlan 1:) colni .
 
The rtmelt.s; (IftIlos nrserly orals are 

recoIr( (latl irtrl' th;t St? ird
ra'l,:h ftlil 

then su t to CIMI'l I (flt,ipr);t.ssiricl 
arid analysis; , r 'sin'; iw t iomar il(, 

Irrihishod, in tlHtri)wted vwi(ly a,iorrg 

tiau and ,,rht ar,, the
'elntrsts ond 
globe 

Ir at ifitir, IL .'t ',srletrrt1rfirs h:oniks, 
vhiCh Irt. 5; li ()f til t iel(pth alra hu(st
 
rrairilirit Illt, i irif 'el(tai a 

titastir , (ifg;(rie tiv-'. st, ,iilv 


h JS;r J ' -,;i r i i i I ii I. 

111fl(tii H flt l., f j 


trrth.ln, ti; o , tt :fnrt-. fl,r tn,' I,,b 


tr',flittI 01t h1i, 

l1r1,th ii .11 ii JItr;f 

Cf)!rlnhl l iti ' I'l : ;Ill,' hr 
tsIrlt t f I r I i I or l1, ,; s 

1 
i 

)r r~ t+ J l I, j Il Ii + t t e + 

OTrtI )I [I ,11 ry tt tI t It r II+ lh ! I~t 

r'.IO (J1J'I I t I i. ,y1 orII'in r , I t o',tirs i 

f )?t ( , I,: .b I ! I !iiIrot 

ltorIiII d I '-. fI lI , I I I I I I yfhrIfIIIIIIIr , I~+',l, I I r,tr,I ,! tI,I ,! , 'llr~t I,ti(ihI+~i I I iat , 

t 0,1,:r\, ,Id1[+ 1)1,H 1r 11 ! f t,+ 1 4 1[f q J rf t 2Nj , '1 1 l 

to ;iIV tin ii,' .. ''i f Wit r'ln I'rll 

t.;iri ri i, i J t ,l i l ri i i II,: 

Training and Leadership Development 

(" Ir""IIt 1 , 1-1, ,!,1,"r-J ,,J bI, 1: , 1 r', l ihs-iitiinI I' ii tr f t'rIa I i',' In 
irtturt;I,(i flt'!r rir norI I'if 
(:~),l~i~ i ll++ r jIr~ i t ,'L t r ) f 

f "t~ ;r+( It:Ii ; I V ( f tI obJ 


c o)IViIlIII i l tIlt ,I,, t t~ i J tr ;rII , 


t t If ? {I f t t , f 1i t I ) l I [ [+f I 1 lo t;i, 

trec,f I iI ii,.,,r viI , ilh-, ;ind( t,1,O~il i 

school)l' I li t iq! + lh khe(,,iiji ir l; i~t'; f 

It II;tII 1 f olII : I " o ;I t 10 1 I) I I,i(Itrorf 
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reseach tasks. This approach has had a 
positive motivational eft.ct on traiince.; 
;rid research fellows. When scentists 
work torethet, sttuggl togethot, sweat 
t tqlicir, rIld tIlMIiph to etior, they 
cr;atr forids of l e"il iridrimlt rsp ct 
frict.dship arnd, irithe proc'.s-;, develot) a 
puoweifui worlihwidr fratei'tlllyof ('o".i
 
ciriF-ts dodicated toi ir ioasino food
 

tJfiO(Lict iOi d irmiroviri the (rJIty of
 
distrhotion of its henelts
 

Development of
 
Scientific Information Networks
 
s( rtl t S;illto niCIM M Y i' hi't s to(rl 
1l5 <.Ins>(VV()f iH ~t i ! Vvith
 m o l)+; 

C1'.',.1"I Itiffhl s Btir fi rl;i lti tf 

(11tlil iln1 h Ir 'lil ,( Ill i i rfllts rhr 
(iiln~ I)
(of Iitr l v I 

,luiif t i , r t iifl';trff irhil r ro Ii 
( ,Vi Iit, ' ) II5 I tIIit , li, t I) o,Iitn II ,i 1 . 

[)rfIfh, ', Ii~t ,t I- t I'I I I ro ] , I I I i f i l;I Irt( I ! III I I I rII ; , 

!l h ! (I~ /, I ~ ~IIIhi I IH I tj I I tIt Iv f 

'r( tsir i t l hr 
that, s rt,1 rn''l rlt ti) rr.ot 

Itirfe itt[£iitr~it t i I it I Iji , I ( t()r b y i)I I i I III;II I . i ii el 

i ', r ~ I I ! tI 0t1 

rirfm trl:t f ritn l vrrrt, h h CIMMY 

t 'ivl.'tY I ; tnDl tirio rave 601tr 

i l - mii, rf6ctts ,;ify to hHwdlu 
tli,ltt. .t lmI!,.~ t J't(t:ll) 

Cilo,YJiM ,li 1,( Iorld lI'.tlfo f ) m h ( twf'tro ir 'iliifrl.l' I I nt tire f 

do ltrrr 'MI fiitrei 
it. ( l llil tto f) [1 I t l r ; .I-;! of h~ ;ll vl / 

if1, 11 ){ !fI , ( ) fjI[Ij( , : I ( I d! t I ,Iit 

i , I;;ItJ[I t I o I I, 11 ( ,iV(J Iw 1 r11 fh~ [l, nI 

d e vfl pi+ ,ri ,J -r 1( H + V lII tli II ,( k (, 

ill/(o'lm{t~ili i , Owt JinrP:.ht vwi 

C IMMVJY idI I rlih11onl II II ; : I I I n t I,.Ilvf
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Contributions to 
Increased Food Availability 
and Agricultural Productivity 
CIMMYT's contributions to increased 
agricultural productivity are Inextricably 
linked with the efforts of many scientists, 
production specialists, extension workurs, 
policy makers, and farmers In 
geFTla*)srn (Jev0olp)untrt tihStaff hav(,
workud In a partnershp role with natiorial 
research prograrns. [vOtriouhOt10hvaliuteus 
er riantig fror This work are joirit 
products, CIMMYT, itseif, t. - not set-k 
to riarit or relase varietes; . is ti 
tus;)(or,,!bhity of national crop resarci 
rimu progrimnssued ct;erificaion 

Fi;rihthrnior , success at lhe farmi Ievel I 
thre (:Onr ; Ii flie Of rMiaruy olher 
cotrip)orirtin hu.;Iues Improved vafletes. 
lrrproviud grrorjiu tuRh I otte;r use 
(f feitili urs irrfr f lthf rain o-d istirH 
fli]a1torO, lotret luro l (IreaterlutiOrI gd 
nobyv ruio:ritives all huvi iliytd major 
rol's n tri! pidurdwtivily 1idvarices iii n 
Ihylhirl WNerli rrrfimrs in inornt ,;ia 

The Green Revolution 
CIM .Y was ornn 
Irimely ii 
in food ctc 
diurig tht1t960S 

iw ridt, irid 
01n;rerisof, , wirld t is 

!itril il in As;ia 
Vith (AA Iitries lrigc. 

imports, dire predictions were being 
made that without perpetual food aid, 
many Asian countries faced continuing 
and worsening famines. Political leaders, 
many with their backs against the wall, 
hotrcane receptive o the; then radical 
advice of a handful! of scientists who 
argLied forcefully foithe introduction of 
the new high-yied wheat and rice 
techrliooges developed in Mexico and 
the Phtilippiries. Overruling the counsel of 
some local iesuarcheis, India and 
Pakistan's national leaders took 
calculated risks and, after four year- of 
widespread on-tarm testing, decided to 
trnbark on rriajo prOduction programs to 
introdIuc' the new seed/fertilizer 
tiechnologies as quickly as possible. Once 
terus of thousands of farrers saw the 
yields of the neW wheat and lice 
materials grown1 using iril)roved 
agronorric practices 0iidernonstration 
plots on their own or neighbors' farms, 
they themselves htciime the rajoli 
spokesnr for ire;wased adoption. 1-he 
"lead of these rlew wheat alid rice 

ueios is iriporolleoht in tilehistory of 
I rgiciultLrue lTable 1),ecept perhaps for 

tri, !;pread of hybrid mouze in the 
i vuoo)tUd courltilt; durnq the 1940s, 
195'u0s, aind 1960!; 

) *ln n{qheirtto rjirch sri,;rIood 

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

Region 

,Asia durel)Iupiu 
rirarkut[t({[(llt
 

Nourthr \frii 

Midilte [,it 

Su ,b tlii ian Vr ii:, 

Asia, (itraly 

Latin Anrica 

Tota! 

Wheat Rice 
Area Proportion Area Proportion 

(m/ha) (%) (m/ha) (%) 

20 4 79.2 36,4 44 9 

7 6 30 6 30 6 8 4 

0.5 50.6 0.2 29.6 

8.9 30.6 33.4 81.0 

8-1 776 2.5 32 9 

50 7 51 9 /2.6 53.6 

Sourc' Da:ryniple, 19863 
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lisudiIvestr(Prif 
w(soacf irid rurl irtfrafdrcl i]Vl 

he~ipud( to) rlcrp th;1i libItl I filri Wurin 
irri/t f rollioctirir inn t, t~irt ttili' 

Irrcr( in jt;ictppa 

io hr 

ilijl', than lffupr :irf lit,tr(itwn\'tr, 


PrP u Iol 'i d l~~r (r, p ­f ~ Oil p 

(11!1)nii fr'r pp-fk tVtA ( )vF 
t'.Vi tffl' I runt V\.iplp Iw cp Psi 

i 
if) iCftfifil tlin /0"t) ri fi~i h f 

rf rth /fp rint, '(w fw, h(I t , rp' ), hp '' 

MP 1111f 

fir irri ,r rrrnr 

tsr',p6" r)t: p i' f it)!, Ii 

, ffrth 1it( , 

I-i,1 ;i if,'A' 'Ku /1 

:~' iXrrt' ptqijpi -r'~ f'i 
11 )h 

/4I ~7 ~ 
I( 1!lr' j~/ (7 ''"ift p'ff 

P*hepri Itnrrr VOIprl~i n f fui;it w\'i i 

11i~P3iif it 1w, l-.i i:Iit 
I I p~!i)' lilt, nfippri i ( fA( ,pu-lr 

rim i rrit trI'.'f-t ni , fill'i.H'p 

tisw~ti d i /iif . ti' rr li, l)( 
P i ' ~ ni' t I'fi thili fir~ k LwO ~ iitrp 

.\'rf t in It~o 'p' pi 011 ;JiAi' 

rriftp/0 C011rIMrrrt~r friS d(it'jfrrIl In 
Nurt Afrirai, theips v%t I I I'IrI yfu,,I(Is 
hi&; frfrr ";iid tJfti 011fiifilf lr/ 1irtCJS 
PR if rift it ") p'o f :t23%1 1(r 

;0&.'o pM i i~ i on iitpt wlil oii oci P 

\ i ri, t ,,% Ip oJr 

Critics of the Green Revolution 

It tlw.', A-FpPrt iim r ,o i i(pt)1 
t~rririI- i'' (-i r isi 

pii~ JIp, ip rir r if i rit , IPP ofpf 

,, 1, fi os'' . ' ! f l rp topr 

;i pp ' tp .f r wp i1i' '' forf wv frt 

tjF lp:Irn )I l , 1Prs i~ 1',1, :frprlrfrrpr 
por-l () . i pli hP'fl? 

fr ItI'r1i Irr 1()1 o/",, r1r)! 

Table 2. Percentage increase in maizeand wheat performance indicators in
 
the developing world, 1961-65 to
 
'1'~"98 1-84 

Percentage increase 
1961-65 to 1981-84 

l/ai7ze- Wh -eat 

u. ' I t'' ' ~ Mi 

p',r 198r l f'~v fpI 



arid economics have been applied to technology, coUpled with favorable

develop ind:genous technologies economic policws, gave farmers

appiopiiate to the conditions of local 
 incentives to tiro(iice SLrplos p'odcLtion
farlets tr (oiirninicl s.mIlcNot only (id these 

Ittoovatioris incf c,,: ,v ls for; c) 

1he reIvinporant attribute of the now farnors, but tlwy helpod to lower
 
Greenr l'VOILtili tchnalocgies was fiat IQf(ilo(io
ricasts peiHoit of oulptl.

they w lre; ricinit, easii li, milie i)ld.ctivto i Systems
cos:-o yield-in falrfil 

Iaii(l-;HJiJdrrit~~HtII tOc l StOlije.fI1W\5 tOw lid if,Oht ifrvieloprirt of nriw ruralnloiuilucti(r ol ttisr fievw technoi l!ncws, !ritlristrws irl W S)LWir rre!; Of
 
cori irt witln Jith po)(lic, ; jnlho'yrr, howver,
rit C iisrrf'r[, were
 
mc niti',es wv clic lo(l to the ignificnt lie mnr;lI, f Ilt tr icr s,
 
tiiJ)(lJIli\'it\V w()JtCtil
(ills il(J.v i ihRlf)J( O ullylil 11 i AJ riutIi l pool,s;tml.e hlmne; of lq.i)iitioft o :)io)ofiwur. (h Jlwtrld fvVrlo! e ts d(i(. l,"' erl ((wIooils.
Inhte(r)flhinriftorio o Iti n l(.w Vafltll'! icapita ptodct io irwiL!(ses imi wheal, 

i~r);h JMr, Ir j( lonvt! iate of iwlln nrniruuse fole, 
aln rr(rierllsm Ir(r 'Is iso,,l wth pirces. Fnrslhs n titrIttod imiproved

i(1 (it;0C(O )rvrrnmrlnl 1r iO is !(i,) irt on, iriiJiit hliii5 iirf)irovod(n welfare, for
 
(i t!ljlt ill\nyw! 11
thr(r \'1h Onit iiiiiter ( of iw-ncnore
r: - nllnin:i 


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

less developed countries (LDCs) by region
 

Wheat Maize 
Growth rates Growth rate.g

Percent of 1961-65 Percent of 1961-65
total LDC to 1982.84 total LDC to 1981-33Region production Yield Production production Yield Production
 
1984 (%) 1%1 1984 (% (%)
 

,. / 63 13I 1 6 3 0 

A:,ri, ;rtni\ ,13 6 70 42 b.2 5,8 

14 2.2 30 2 1.7 1.8 

Nruinn/\i, :I 3 1.1 1.0 2 1.7 1.8 

VWo't Aln .. 0.3 2.0 3 0 1.5 

.1 t Itduhe 3.0 2.5 7 1.3 2.7 

j'. 2 3.1 4.1 11:rrl 2.5 2.8 
A T t, r, . IIt 


( rri .
 

A' i rm ,rs ., 1.1 1.0 2 1.7 0.9 

.' tinrm Corne 8 1,1 2.7 18 2.1 3.8 
Snrrtii
/\rInnlr.)t 

,,
(mr ; ofh / 
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Vious criticisms have. be;en Ie;v(ll(-d 
,igyainst tilt."Gwei(i Ruv.)luItion 
lec(hnoloowis Itnthe; 1111ill y(;;tr.s, 

p~op~tilillror (Jo)frl; iVyol'; m lth II w.{'.sII'-; 


,nlready too )aN! it Ihtt()V!lp)() I ll(tj 
detve.lorirq cooHrlttw;, If~dt thf, IlFOIOHl)t 11) 

CO:ortl(W.S StJ(h IS Iodii l f I I HdJI 

wis hol cw!,t;4;;lftJd111;)t Ow(fIch nlltlo)rls 

W OXJI[J,onrly , k, t o ,rI);[+.( 

, 


I i q W (), III 


lorng MlIThV tIyr,,ili, :sto
ilhivli:'t! fhtmql ITT 

th ; t;ho>rttur! fhi,- +} >j hktfrw d}(liw, 

Earth to I1Ilff~hfmt thit kmid ol ' 11o.!( 

so. /lli y pi;SSW I~('/ it, llhm)ll ;ITlkHiflit 


N [i(ot)Vw!, Ihitl wtw,,'t'dJm I ti'mt,)lll 


+il.'4i - I+jHWIJ1LJ IA~,}r,,f<i (
tfjri(;,O lo rt-;ill 


i,,: r 1('( , 1 I II ' I)()I) ]!,Iit ITr
onliy A lf i( t' Itl ITI 


(I1 \ t Hrf l, It:, ,j~ [ttildj
,',,fj, t r \ ()tI(jl If) 

,1 m t t~ lIl', I1 , r r~ j ( f twrII(; I.l 

I if 1,+11t t - i:r II t t~h IrI' t:fII, )I I! Iit itt It 

t'o u Ifif "; ,Ili I if , I 111 lIr t , :I , II [Il: o)", 


h d h ijd .),:,q ,', di Tt-1
tit i it I ii f ; I 1 


,) ,rt, -i(J, Ilr I t v r ll
ij( if 'ol tlif Itj i\'l t 


C~ldill'/ [i !'tI I W I
tJ itIi I tr I] jII f ~ 

In f d ] : Jp, I f;t (i :;It,fyIrI I dl I) 

Ilft,b{)ibf)i I1 , tb 11 ,)!. t hII, li III ,] v t)o), 

! , J'111hth I f v,i ) , , i t If i (J f ) )('(I 


fldtll l: ,If,( ',,'jv t rI II I lI\.( , I t r I 


riiive}I II i (:I I , t) )() : ri(.Is I I ( qi ,}
!t 


H e ho"ti) In ri ;jI I'( ,III(lI ; t, !, ;i v ! lc IfI( J Iv 


k"At y, ,, r rth, ri,r,liflimK"i'O( 0( f f" 


w orld'.'-p}!oC')lt'Ih,)ti thi m f!
of rf.,vidfi< 

W r.)rd it . ~ ~ ,I( ito I\,;riindllVt ;}l j 

shul -ls .jiotirh m i r:-:t(?1I v! :lm 
) Si.] tridv'i , f vlh f ilp(zfllr:If;y 


Ir/ Ii f, i r 'I I IriiI II r~ It i I)b )[f( I 

r!%i ,rl )I I( 1 ,l( J tilSIIf 1 I ) H ( 

o/ I I l)fI I (o , .rrl w 1 1fI itIt j, ItI} I 

pro)b'd)[1p1y, ht 111, ',! fl l (11 01(1 pw-,f;rW 

,llH 


10 1l) l~~ ,1 , i , o(il;, o rT AllI 

doo)rr ii ~jh o(r I : r 1)/()!; hy 
Ihi (Irllup[()I vif :jl,. (1 ,, !drir I 

ITT o-I ) h m~)€ 

Jrl, 


t~lw-vt, hf 'i,r ! ))b tf m]r(I(Iiiiilly 


(()II hllf I ') llitf fA - -1,!r~lfiY','
illtill, 

vvorld j qfwol{ t wl~,i1, f:rw r(jv, ,iridroilrbiril 

rntirkt!I. Iti(ooli~ v ri~lj(tiow ,jiid 

Ilodlvi(Jl l'){)V(A:f!*qj[ () e (Owotlsd,',( I to 
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.semionrm of tho)so c.limnrin, tha the world 
had lost w; -,Ibilhty,to Ipfod(! Ill! tood, 
hlbo;, ,,!m:rqiV ;Ind filrerAfl.;th;ttWwl(, 

rttAi( hy thi!kj(lr! r~ipil y qfoi(ri,, 

IH iQ'[I-l[ i{t} !rilol)
; (]'IV(! ill))iritl 
Ilslific:,11(m IT) Pwb. lphfloitl l w:t 

0h,11him !tk()( io ljl,' 'tiJi: 

m odtoiCilw )r,wiihl(l h,,; ti~ i: 

dt,!Irjtri to) Iijl ort~ctiid~iividop og)(.w ot~l(iiI t!!: 

,m dp(J1!vi~l)lI~t,.,drt W hitt I1Imrcu. 

111w w(fi riiii, f)iitJfl)wh'dtilm i( If) thli!se 

[w ,~ Twit 

,oot()hur mfiilj()m~t- W ()! r, f'i.-VOIttion 

:fIilll li jr tpw thiiii ir l nd O wift} dt cti(: oif 

rt . ,ft(df ! i hf!: lro i( jy W )iJ(fJ I l 

o)rdy~ ,()<l't f) lh ; (1:1hllo o~t(df rico)rim~ 

,trwd vv,,,i i, !lim,,, I I tlIrit tti()rlIITI(I!(, 

rITh ITr , I), fit ( I ! lr!t1, , / (Ij, i -( tIf 
k-I I (: IrfI II, :-,I 1 ) ,I tbi, t I If!( Il(If 

h)tt m h I' t , I1 , f I ) * ('rIf1(1 (it r1 1 1w -s 

h ( ( ( 11J I,l > J [II I ' fIj ft~l!f/ ? ;H/m. 

I f t i'm r 11 (:1 Ift;(k ,t( if I f)k.I,Irl/lmI( 


I I,I( )I ,t III,I I It .Iv,, ~ d )lif' ' IT1 

I)M ;JIMlJ('rl Ci()i& ,4r~tt [i11[ 1111 )f(:(fhv t 

t ,I:LJll {I l, VV( 'Al IS Ih( ,i(lI IIIiI I It' 

! (itI I f 1if f' t 

rI,-IIt,Ir) rtiI i t \,t)! I l Iri ( (4 m) Igiws/lt 

[ if~i 1,1!1,, lrnth f ( w);I()fItit 
l ­

,tl ;i(:( , 


.it)() f ,i !f i r ti) rI fo~r~;it t~'; 

Iw,liv , f t, t [fItwvJ iiw chim// rio 

\",!ifl- i1 i,)pm;ljlyi~ trot for someT~t ob 

t I( ) l: , i i[;i]!. 


( , i !(f II , A) zi('ct(ritting~ 

;o)I tim thi-t it)(, ne.w 

t( ,h () h.; Irlf t~i;:r[jq,l() fw lt 

()I.Ior[. Htunitie,; t r tIII ,,111L i 10o) 

I rI I )r y il ) I)h,,,i I t I, v I i ,t h cI ' 

II1 fzV r : f (iI i ,1-it ll: )(, ­( I j tt( (l 'i[} r;I l l g 

I( lvl)I)lqI ( I ) tr)If()Ir ; 1 1 r .'I y I (wIV t! I I 

Ihw ip.' ; ii;ivi! ht.
h ~ w l i,)Q rit-vtIr rihuJrit]ry 

hvi'ri((fI ivh) hv I~t~tdc rlv v I iw y , ifi IltoI s(V! 

(Cf)lv(! , Tim( irmp wttssl(ri Itheirl tl : f i d 

h (:hriol(.ily,of( COm ld
itIf w!l,, or(jiirii/t(, 

C()lret l (,)Ithe oc ii l i()!ii nd if/itll~uitl t.e 

thfit hfivf iffIdh o tfLrl[httjw~(wc utJoTul] of 

Ail lf) ,ir)(]r-w ; TJ;)tO lH(i rt:. I II(:ty 

Ilto w(((:oq) i/rt/h,i !i l T (HIMILW;S 

wuvtu p)Iese;( l f [it,!h wlrliin(;|ld( 

€]llh l the.i!i lrn s() il iw;t~ttlh;jpni diih 



irvcnttor of agricurltural s ioeties. At that 
time, the stron(e st trilhts occurpied the 
h gr;t yst:ns which, in turn,yrnzrnq ( 

sistrin d Othi; r ;t riti i s .f i]
 
iurltlJiites, l vvr li[itihrw; viff!
 
rulsthed it t (? 'p 1i l i u (_l 1;d h
 
,oIt exLof.n triJ ,It(S.
v I 
inwilitfi; i., t ,, ,roontinli,,uroh,t or 

(1ii' ,' r: ,,n(i i ' 'ros in r 
H,.e,, i wo,,5 t v01'u if) 'fl.v 

,,li.',,,, 'ere1 1",. 
,ir rt i :fllllfh;hi l I ;reid(nmv\Q e 

iiII! , r) io. sw il i i,Si t; ,,'iie)roper 
,.IirlJ tVI I f f , .]h'h',Ht , ;]l Is,, l p)M 't~fly 

Ill11111,; 

T fi t kir i(;0ll tiht rI .V 

l Hh,n'iti! t! ll,,'!r 

httiirii r)[ lti., i
no tJl) 

ofiiii o\ ui~;I iui cif 
',011r oWK11(6 ris i tr Ow lhirI VViiild 

to 

It' SirillS fo.irird(I(Ai Iht f irin!,tli"ilitl. in 

IiI tel l () i [(o,tti itd to (iSOiIti Hli] 
PJ11i[ill,'H O f I)IO ( 1t ( lolI I (l n!;T/ I 


,,'il P)h(i jMh . ';('I tS . B It I IS 1(0wV 


.thiil n()0ii,
rS0Liii 

firirir; v dh''lly ritiy' still ni 


lrtiiliinliitii's rioiit ;r'; iniil, .i-; 


ios(itirii: ih+l~ftv l. nil' x!;cor fr
I(Ir, 

(icl\tln ii, losst. ,ih ,' f %,lll(il! , ith. V 

f t tIiit it p l$ors. risks, ','s r I 

(I od thnu irlrnrye-sca fvtriir rs vcfo .lhit I 
-, firs'<t to) tu~i th , l~ v t;ci lolo , , 

,;m c[( f t h f, y c o ut ld i t hord to) L! , h' t ,, m o re , 

VVhil! 1l1tiloportitlhLl ttfS );ot!1;r;rp' 
rav? bee,.+fited e li( . ()vion.-; trs'? 

SitI i iIWii ' irrw<.ojrc(i OLo11ii I . ,,; hI'. ' i,Jlfli
with rnowlt l}tr Oi 

h ittltit Io iiri t)! 'Ii ' 

( 	 Itrtirilv, ii tkoli, ',Vtfir, 
-risriirnai'lsriti i), I! tlu~lll tSk ,vIwdlii ii h:I II ~it' , i yrXw tdhI, orr 

,11)i(t, f- (rowr-h;)W
hiidly te) i,: i l ;ni !;triilit iSroti 

ro(il thnoi(iiiril: ilI~imSr to 
 rehrL , .<;LJ(C(h 

Imlh,il rcs It i!Lu problem, howeve:r, 
rhul . htl rfri)otnct. i 

tihirniihed to hririidf P'lanIti!Cir 5,If! 5 

i)O1tiIe lhrey (rilrrot bfe ;,Oi <l 
yi~dl( tiines nicre orm,a .;irvll p1o1 thm 
Iry sirn on i, IPriqere:ipatik' of yiel(hriry 
toitt ofl nt~neruplnrg th salnetect idri y Tle l.dress of social 

nequ lities is a job that must be tackled
 
irrgy lV by the poticians of the world,
 
not tho IgIculturol research community.
 

l; agriculturl"/ chemicals and fertilizersabsolutely necessary 1o produce the 

tood reqJuited by the world's people are 
I.ke moedicine--and should be used with 

Cau.Itiofn. 

In more rectrdl y r,,, .serin ierribeis of
 
th(e riiViOr)iii!ifltii i!roveinwiit hiVi also
 
i)O(fCOlIr .feGren "/()' utIOII Cu WticS the
 
i ost of these c:filtilsii5 h!!I distinct
 
nltl t chfnolool y blIisti it i; (ftil]
 
tM1r1ineq(dvtjih zin d(u llhzod vIcuvv ot
 

tw,) illt fa}irlngf i)S ;J iarmon h01 nntw.ev 
ridnti .fiArgurfriits iII this vein
 

i ltfrt'iriunJinoe ce ';)ihitoral rilationshipys
 
b',t'A(etn scientit<; <vrid ,(iriCnJ-ltural
 

hlim(cal and mrachine ry c.ornpanies. We
 
Iit accus(d of tiyiit to git Third Worl
f 	 Iriiers "hooked 0 eren rgynrlterIsive 

t eihroduction ti chnologi s thIl art, nit
 

!tlOli illy or unvit ornirnt lly
 
;tv :rlahle. Gre.tef use of hfIerniical
 

irtlizei<, pesticd's, herbicides, puMp
 

ituio r s'ystemrs, and farm rlm chinety,
 
i teir ivI,(h Is inhertonl!y Lid for the
 
1 ; 1l dt V %, 'Il idj , "Ab ,JIl ,11 e m l v o , [i l("
 
.lttuuW-Of rilow ' or, ric"rlis O 

f
 
lill,;yj are advanced as the best way to
 

Id S!Vlf l I0 Loy-.r imu 'ia
v+_Iji-land I-dsndf viabilitymi of Third 

v l la d fntrirrsr i 

'hsr the sinylu most iriportant factor 
h itirif i:rtryields iII the dlevelopirng

oiirld Iis !,oil inifertility, (11,to either
 
r 	 i iIIitriMI inr 	 yorC litity,
extractive flrriimrru pr (ctices, or to
 

(ficiencils}t, of ,r i 
 ;iiy, secronday, and
 
Iilno[ cierrenrts hrought on by more
 

lv arriruie ig practices. Ilie shrinkinc
 
tle tper caplta arable lind base in) 

fo00 deficit, deinsely popuhlated countries 
has mradte it irrpossible to free land fronrt 
1ud r01 CUltivatiori for green manure 
(:motl rotations to help restore soil fertility
oryari ly Forturateh,, soil tertility -an 
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be effectively i(I sfely restored through 
tMe proper use of the riqht kinds arid 
amorunt ot chwii:aI frtiHlh/tI, aic-ordifi I 
to thi reltiri'rr s oift:fltr(-rit croLps ' 
.;illype;;i, i]r('ttiomi(ftrtitn .; vVih)tot 
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ben fits wilt .Ii rJo Pt)I OW LIet of 
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by our 
thait they a;re lik( medicine, and should 
he used( with ol(Ler 'ttion. There is rio 
Way that the w rld Ciri LJinhrck the 
tillmr lock to khi teod old (dl/s" of th 

r(le(iijIld woiild poDulatiori, but 

t tily 1)930s, wi,;i hw JtJIILilttfal
 
choirrl:tfl' l rid liitho (hiirmi aj fertilizer
 
W ls w;(.t arld whim wold Ipopulltiorl 

O-;toot lt orly twto hillioir Without 
iIHCIOYa(ot [)o(JLIctiVIty, hovV COUld wO 
hive! proviLt.id fit, rret rci(Siy fod for the-r 
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Theru rs;cirothir qr0Jr Of rrrrswho Itrr trrtrrrr ci(vanrcemnent of marrnkind on 
irs!(thit loIrr Iltilrrrai srrrrr manry fronts. We who work oil the food 

Frrrrr irs irrwrrrrj 'rv~rlrtrrrs prodrictiori frrfir, I thdeIve, dIO have aF~rrrr 
I 	 ipirF 

id [Iliv tft ir1(,Id(JJJitrr it)(,' (.tJrJ F) ~ iJJ i) I 

OwPrhtri - ,vr r h ,ikrlJr r o t ,tJa i r r ; : r (J rrt r r M CF oVI r rt 

.Jrr Jr-trr\'JJJ rrr It, [ for JJIJJsiF)Ility to iP lrn the~ political, 

r hr. 

()I rp I 11ii.m tdw I hf'''-t ronyF ', 	 it , .1 h ir iqr opr~jr tior 
FtJii. F ilF'JFttJ l IfloP stcrr is b( Ilr 

;1 1,*'1 Mt'pp Y !'il 'Jr s Jror'utirl 

h fl v JrJ! ft I. , 1 ", , P'Fi( m Fiuch'-

Ir.t.it I- I'M 
 I tlJOj ,r F I tFi-f)] ttd Jh rrif m m r i wr Wr ld.tt Itr 

f '11 j i,' ,;, PV ~ d i H.rt! ;itIJ,jI J [JJ t hiPP r;FJJJrights i 

, 1:'[t " tj(jjt rlfr n is ,rrrrPrmhcF-. r JrrIiliirrs of povrnty-
III III-! )rrrr.s -.t~ip.rrr JJiF i Fir : 11,i Irrsi; IleicossitOeS 

(w ; 1I F1rrrr 

iti f i il i ;, 1 Ft 

Im ill"IrJ or 

o if 1 ' , r' f[it Ir It li/lt I/I,/ (' / r I n 	 r ( I I I 

I ht !1, ~t r rrii~nr I tijke r5SLW~ Will] tF's' Whor (11r1r0Wthfr 

IrI II ItrIII I' Ir I.IrJ Jr III(-1;,r I I. I IJ jrI. st , f, ii I 'rr IkqF l iy ;irrd

Jr , ),. P,,I -- I r.
Jri,,11 IIv ( S;d~l IroHrOrr SIVa rFb) lt tIII(, ''IiCjht 10 ito,' 

I, l lio - 1 v F v'vFI Irq I F JrIrJ tI J1 Jr. .I rIr i Ii III iF r~t. I r It', of 
.p'r~~rF PjJJJilriv o! Iri( - FIrr'; onrly jrlrs 

~vFrrHiirrrrr1111'irrit~h o r rrrv rrsrrr sot r ttrro i ris~rn'rp itrirrrr FyCO(­

iti h~1,\;'plII I ordJ rrr,rrrFirrr ct~:rrrr. to rrJsrJJF)JlJJJ y aind 
fJ I o m w "rrJJF 'J'r'riit' Jr IP sr'- hrrw Jir~rrr' 

rIo rp' tp i'. 	 i Fm,-J'Pr1rI, J(hrll,lilt rrlF h IFri ri rr lrV i10 r 1" dor %I,\ w trr e tor i J 

Jr)P PliP't r Jrl F r IIr .r f lr , J.-it P( prp mJ I ' .rrvIr F 'ti e rJ rJ rrr r 5 Wrril
 
- , '.Ft J F.,111,1irr, -r.rj 1J. IIt .Pr
P'r .r rilJrrr -r nr ''.tr.r F OWrr r ' :.J;JJJ(J , Of J ~I 
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rl,: it1 Frrip,rr':t fl ,'. tor JFr i rrmrr rr'.'rrFA fo;~rrir for rFF1)Ft 

FR~tri'r irr:r nrJ Or t (j hriFrw:. .tprP'.Jr trr rrrr Fhil tV9. in' h(,rJr 1'irrrg in rrJrrrr.JF' 
tor owdoJrrlrir JJrrrrrr ,'J '.'r.' shFrrrldr r'i iii'.t irr rirrr Ind~rirn'r;trrsrt mrrtrrer 

i( j~ ll POv-Jrr..'.'r Ifir'Itrvrr-lirl tirir tr i i r r r tri.''trrrt '. Vrrr ( ( Jr 
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hospitable virgin planets in other solar environments as well as the more­
systems ir,outer space. Oh, were it so Intensively cultivated production 
simple! environmn-rts. A research approach is 

-equird that recognizes and appreciates 
Maintaining CIMMYT's Vitality the need to have teams if scientists with 
CIMMYT exists to help Speed the different and coilernentary professional 
proces. of developing improved maize skills, and who are sensitive to the broad 
and wneat technologies in the Third rnge of factors affucting productivity. 
Vorld. Therefore, the achievement of Unfortunately, effective scientific 
wheat and niize prodrictivity irnpacts on rtegratois are a are conmodity. 
farners' fields most he the ultirnate Although I have been privileged to work 
FleasLJra of the value, of thoCenter's with a nuinbe' of such persons in the 
work- as well as that of the CGIAR past, we need to identify, early in their 
system. Our assigred task is in the finial careers, More yong scientists who have 
sense to ilevate i;nger aid human these latent talent, and provide them 
ri.sery, which ,e east nfever forget with a broad background of experiences 
CIMM YT carnot afford ror can friiihoril so that th(y ca:) become effective 
prograim colalhofralors to !est on past catalysts ciragricultural change and 
laurels airi( aci.vernernts Wt. owe the piogiess. 

soci(ies tha Suppr t ainr depeno upon

1 
us 
I(fi rwThin r their rnvestnr nt. Our frerir ard coaleague, T.W. Schultz, 

underscored the importance of the 
organizational research s:ructure in a 
paper he delivered several years ago inNo matter how excellent and spectacular Chile Permit me to guote his statement: 

the research done in one scientific 	 I am convinced that most working 
discipline, its application in isolation will 	 scienlists are research entrepreneurs. 

have lttle o no positive effect on crop 	 But it is exceedingly difficult to devise 
institutions to utilize this special talent c efficiently. nrganization is necessary. 
It too requires entrepreneurs. But 
there is the ever present danger of 

I believe that the most efficient and over-organization, of directing 
expeditious way to devuop Improved research from the top, of requiring 
technology is through an integrated working scientists to devote ever 
research approach. No matter how more time to prepaing reports to 

excellent and spectacular is the research "justify" the vork they are doing, 
that is done in one scientific discipline and to treat research as if it were 
it,,, application in soiation will have littie some routine activity ....In the quest 
or no positivi,',ff ct on crop production. for appropriations arid research 
It is, of C: r' , ,lriu (OrTifortable to grants, all too little attention is often 
stand ind v, 'r' Th shade of the tree given to that scarce talent 
of ornus fccrilrir, hut the forest is which source of researchlrir is the 
l del( tru ( r,f)ydisciplines. entrepreneurship. The convenieat 
CorIsegueritly, what rc also needed are a assuniption is that a highly organized 
few venturesome scienifre leaders who research institution firmly controlled 
are comfortable and willing to work by an administrator will perform this 
across the shadows cast by trues of all important function. But in fact a large 
scientific disciplines in the, forest, and organization that is tightly controlled is 
thereby produce a technology capable of the death of creative research. 
increasing the overall, sustainable multi­
benefit productivity of the 'forest.' This I would add a caveat to this statement. 
,ntegration will become increasingly more Research, while a necessary condition 
important in future years as we tackle for improving food production, does not 
the prd'Lu'iins of the marginal production automatically lead to more efficient food 
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production systems. I believe that we research institutions, are highly

have a professional and moral contagious, lead 
 to early ossification, and
 
responsibility to see to it that pioven are often lethal
 
research results are used to benefit
 
society. While 
we should be careful and 
thorough in our research efforits, we 
should not become overly tirnid. It is a Center staff view results on farmers' 
characteristic of science ihat the fields as the primary measure of the 
percoptive euseur chier often sees the 
ainswer before he has ali the proof in success of their research. 
hand; sometiies, we should be willin
 
to pniish for the, adoption of research
 
resells, overlthough all of the jigsaw And to the CIMMYT
 
pieces of the production pkizle are not
 
ir piac( [hat is whore th, crealive taff and Families
 
rscarih otlr,'tr curims rite t , Btielly stated, oUr destiny as agricultural
 
pl(Autire scintists is to leam about the known, to
 

discover the Urokiowrr, arnd to
 
CIMMY f's frsrrch las bee largely communicate our findings effectively.
 
infeMtfed by rr;stricl' ! bur(eaLcratlC and Excellence in each of these elements is
 
political cons.tIrints, has btiri aKt(, llyt0,Y essential to our individtial and collective
 
iinred, ant is ;itrurrrtid )v anmexcellurt SlJCCeSs arid for ou1r work to benefit
 

Irlrfa;trLtturue Of (.,perrrneril stations, humankird The profession we have
 
flaoratories, and rieformation and chosen is not for the faint-hearted; it
 

adfroiristrative services. The Center has Ir(unites involverrent and it is a
 
also had , xcIlhrt collaboration vvith iie denmandirrg taskmaster; it cannot be
 
Mexican INIFAPiCIANO Wheat RHsear delegated v ,ry far. Nature often
 
P(irgrir and sippoer hrorn the, Sonor rinifests small differences in subtle
 
l mirs' ,-erpi/ar r (laatrrifrrl iti wavs. She generaiy whispers rather than
 
elrps tc slporhnsor wheat research I'hiw;ks in o loud voice. This requires that
 

(,,rivironrT ,!lit hlS rl,!;tJlhtd in hig;h hevols s(,i~enlists maintain inirnate, continuous,
 
of motivation and crontrienl arrlrig personal contact with the research 
the staff. II has perrite.,d scientists to progiarn if they are to discern and 
focus their energies on the research interpret the minor difterences in the 
agenda at hand and the resiltirng complex biological systcms with which 
successes have givln thOe agricultural they are concerned. It regluires 'ravelling 
research protession greater credibilitv extensively, often living under spartan 
and status ir the 1hrid World conditions, and involves long absences 

from family and friends. At certain peak 
While I accept the fact that CIMMYT work neriods, it is necessary to ignore 
cannot be irvolved extensively at the the normal working hours :)f tha clock, 
grass roots level in prodtjction-orientlcl as well as the normal working days of 
research in tIre 1O0-l)Ls countries it tw ,- eek in order to coniplete the task 
attenpts to sefve, it is essential thait thu at hand. But there are, I believe, 
Cerl r , ' view impacts on farmers' gatfying compensations. As I reflect on 
fields as Phuprimary rireasure by which the adobe shack with the tar paper roof 
they judge the success of their research. iri Chapingo where CIMMYT-'s 
Contact with lhe producei is essential to predecessor program was aunched 43 
keep progrrrn rr s on tack ad o yeas ago, I am amazed at the collective 

naintain the Center's practical iMpact it, and the subsequent programs, 
orientation. Moreover, such co'tact have had on the improvement in 
mitigates the erosive effects of the agriculture, first in Mexico, and later in 
dangerous institutional viruses of many countries o the world. The road to 
affluence, oversophistication, success has been difficult, sometimes 
overspecialization, and complacency, frustrating, and sometimes bumpy and 
These viruses, which are widespread in hard to negotitiale. But allhugh the 
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Struggle to achieve ''a target has been 
demanding, it has iIht i better lifeto 
untold roiliori-

While CIMMYIs row traroi, 
Cor i'rerII' aInd rtlormaiorl hiil(ritij Oar 
help to rmreaso the effutivuerlrs of trio 
Center's wiofk, thtr hrilingj Is arilv a 
moanfs nrn 01 irr, Itsetnot n r'nemst 
L!i1rIItly )Ld(dJOrir wvorth, 110t h, i1, 
facilillles or iud](itary br-or's thial 
have, (r byIOw )iJrllhterOft werrr (j 


pu rs vritf,,,wren ',
ev( tit 
cirrtritiute If) th riio rl ofiiiriv[ f 
,111lLJitti;lr rrr(( i:tl\lt\' Fr 

ht I ii(rpf, rm (ifi! \'V.l lit ,oi (mriir 
tirlrith; 
IIport; ut 

tht yoe; 

ml ; ll 


l to.le~frI 

will ,ii\'iysr(e m'?ili( itthe 
fI). I lrr( w I Ini ror leriis arind 

wIt riot he (t"(str( try,i tiI ! 

ihi''IpH dirri l, tretterfisIt IIIWt)Ver 

t(w i. '. rrliri; lfi1e(rr.t 
tiUlirtg ririrut in in;),l((0no Hwivwver, I 
aim ( r-, hit ,;itndiris(ri ta itist
I kno %, 0 t li/.jflil()1io;j+ ,,;1;t r( th~il 

rjmis, v.hrtfs'r , ir'ii,'ri+t in tir(r ,'rrir 
Storir, S (( Liid 
not riioarrrrlh 
d(cadtes I 
forwrd, to rniriv 
tOrCh W1i('I V:'r 

tle ltite Drs F 

lit 

.
 
Hatrror The!. torrhii, 
orifltlrr zflr, ii 
Pro t :tio rid t irir i 

'h t rroohii iitirrir', I 
FI in (fr for 

:v't 0 rt t0 ((airy 
rt-ofth .wordl, lh 

to r rr(! . Vayv by 

' r;ririnrirt J 
s to fos;ter 

teroi p! i, arid 
ht, fr i ledthu le 

ctucatin, 14nt1 (1 I(ii;uIC(r, rrift,vatiorl, 
entr,usa sm, iridv'.,'Joti theselht 
legendrvary scueritfi( fill' ( pIi05 rvrie.; 

It iF riholf(,rt lt;itI nhis, rne i,ildirnj 
niow tori;h h.lt litiklmnirrirn(;ii 

aIlo'v rpltenrrritrlriItlirr b ;t of sc"eritsts 
to 	 rr(rrtin (io oi c.v'irlr1,isl jrdu 

jnIg htjifl(l.r, ei/,ny rid
r-is hir ;!nirnri 


sorit)il i in Oh hittlrw e will hive 
erriergl ti 	 rnewhroiojtij h tir p o.;1;of this 
e-ifhCe 1oIrlrtviitr nnii ¢/f.oinuLAtrfiJu( 
worked life ,s i iJ rilii/ror whea 
lrainee. a prirnclthin o p7s1loCtoral 
feilow, i visitlin(j scieil.-t, or aistaff 
iitnemr( wh .oes on to win the newly 
establisherd Worti Fnol Priwe 

I have struggled for fifteen year,; to find 
aj sponsor to estabiso stuc a iprestigious 
PrZ/ for ar)tLir:JHre arId food. Irr Ma;y Of 
1986, this dream hecarn refatlty when 
Gterla I oo(ds, Inc anrioijriced the 
oftaiitishirurt i Worlt 0(1(1 Pfi/e,
 
!,piillift i) roriyrury vaIue 
 to aI "rootb'e 
ri,'e, whio:h will 1w ;iwo(rit(r m rilLy, 

tIworinr in 199/, to :rr )ruIL, It 
%iuivo(sIe work lIs IrnI e ttnor Itrat st 
rrnpri:rton tlu, :riprovrire1t ite ariintity, 
(tility, ofrIva balltyof loot] It pfi/(' 
caliy trh( iv, dI for rrirt'stitridifij 
iirrrtrlbtrliiri to (ny 'rilk , of tIr (1( 
ch~lm
 

trI 	 Olrlrrj I Virnt i t., -rsmy grirttu(l 
l f(Arreit-0 thihrin o rr otritfic colllborot sr. 

:irl(finerris \ordItrwAite thrt I trve, hadj 
ti neasurof krr)w rIIj w -,mnmIinII Ir~t 

wtI Iur d°ocr0WeMS WuirhOrttes. 

'ouri :olloaoratrtorl, Irtl' o)ui h(ave 
t((rri icompisl i(r ttdriM 
mqrrovirrvrrirt Foirty yeorw irs ,
 
IrSrrI iririI'oioperatio irrin ,ji:trLtUral
t~ i.H c ,wi!;h riorhw ,,ishtw wi',t.islt,',vhA hod~iy
 

it (c(itrlt)nutr; j(,iitty t0 Irpra)VIIIi til 
i''w rio'fiI (( ', i tiiorite of ctd 

viitrwir .V(I ,),t 'trove 
Cotwrii('i nr rjrirt:lJei( MUst.M[,, ti 
teIIlI t tr(i d 'rsifrr it f w ine 
it)';try liit if( I e t(i tla, til mornbritor 

Ir 	 ;111of youl frorri wnroomr;rtelt Where 
I iriv(r vorkwrt undfr trit riirtiicaljn of not 
riri h aitir to ,Sr:nlk rfoyioi ri your 

rrirther torijre, or, 51 ( i.5( t itiiO rion( 
Corrurinitt't t 

errors Iask you forgivir-w(s ilVVithotil 

Oriroy prt, taxi (itJlltlJlr 

rxM:eplirr, drrtint ill o) ilV, ijllmitatir;s, 
yorn htve rrih'j rilfrrl niutl'rieo in yoor 
cotJrlrtrs. Mary, thirikr Arti hrintly, to 
rny runny Mr.' whidiirtorrltr rivi, 
providedt rrr1 rt thrliu , in whinlu I
 

1
htrvrr! 1riit rltuchii 'tI ;f;of riryor 

rrjrli r :'rw t'Al i t s r'i ()0pothuijt lit,hIrpily vv rkirl wittiyi r cierrrttsls, 

tor:siiininnlis, ediicri to s,rt)ivirrrrierlt 
officimis, omridfirtrirr; itis ccirl i my' 
firrfr tirt rIhllurirtflelt ikjs 

Firially, God hless rid spedo you,mrray 
tIe CIMMYT staff, iryour rriportarl 

work, which isvitl to trio vell.being of 
mankind, to the suvrvil rf civilization, 
and to the corninu!d pirljwr i of Honio 

26 

http:wi',t.is


The Green Revolution 
M.S. Swaminathan
 
International Rice Research Institute,
 
Los Bahos, Philippines 

t 
Coirdd i 1968 hy Di . William S Gaud, 
Dii'cto of the JS Agency for 
lnt,rnaiiorl Dvwildoprient (USAI[) This 

]hu Ie IT) "Gr'ee' Rev(.,lutlon" was in the British agricultural revolution. First, 
beginning in the 16th century, a shift 
took place from subsistence to 
cormnercial farming. Second, the 

p~ir,sI IfnrTeritl2C fIollf viltft%'V jttI,(ritiod-ictiori of new crop rotations asacceptanc. hecai',- of th dilariic 
wiipait o the soimidwart wheat vimltits 
iglOJilyiwrl rin the Rock:ftdliic a 

Forid~ition 
Gover writ of Memxio 
Pingrai (l;ripl(elirlsor of CIMMYT) ariae 

rice Villwtill (ml(jlr;tit'i tii lfn 

Iritiihatluina 1':l Rt!ls(.tllhIlsttii lt(

(IFH
-H) Ior t>,ilrf)p:, in ndia lIt 
ititmIiJicI loll orn 'Viotiis ill(iiro): hr( 11w p
oftI mil!lioi s l i1964l 1vttorn n to I / 
111ilhu too-!; Ill 19(18 li1( IOyWi)(-;) 
ald 966 % idol(ireal diuii 1 ht Oln 
th oc nrd uhfr Itnritl / fmteriti,l 
fafiri 't' i ,. ,i if ori5I l 'VT;i 
as enh It'l'1 'th 1 - th'! IMlportali)r if 
fw~jlly i1l iilhho ) i', I w t most Ofrll,
\.'vhl (vlj"i ;t1 I k lay thi[Jllw(}(stri;tt 

' 


weh as livestock iriprovelnent occurred 
eIlly iri t:.( 19th tce(nttry ItlirJ, th, 
'i(rf between 1820 anw 1880 v,f'is 

:il) e i,'ed h Othe; p/llriJ' by falr ers 
if calttl feeds arid artificial I tlil ro 
o,) t,v slmertn rinew hildlndn -,and 
hialnage fiu ast stagec, after 191 4, 
S,\'.h tfa irltoi dtnttrCtlo f the tacto aiid Of 
labor-svig rc hir innty. ]hui tin English

:iq(:tc tilraI revoilior thifat was thouight 
to fll a ,short and ':,irpbleuak nh 
history of Ei-t~Ish faitclr(f lhis nuiw been 
stret(ic J to Cover )off)ie 30) years' 
B C;alUS, thue *as no tillulw i! lfte iti i 
of what an igricliltural nvoiution iripl'-s, 
it hais Ieeri de'c-flia d as ftl: lransitlml 
fro() tria(fitiw
iaj inusl)arldry pi)t toitc,.,s 


++Pt , P 
Iu /\H~t¢;(,+;S{J H (>!U++Htri+)(dornSCA~M htfIl("
g It'tl~tUrf
 

J' his OVn , [)l B')rlaLi, 
,,hiost. ailt ltlfihti j p;rr:Iiv ntilrl l 
Ill aigititltl al hist y forhIs tol! IcI 
Iiil(Igwti t tt'I t'w'vllitiiirit iII ririy 

f(itvt:Iitlrq COuilrtlt'(s, Ilm- ,1lwaJdv d(;'ilt 


with It tiW i 'co tplisihier,,; in 

;Iillvl()Vlin l he tpiouttivity nf mnazue aid 

Vlw'ial. I doi n')tthlfoi wish to Ip(at 

.vhit he hils slid so cffectivciy iint 

'li.qarntly Iritead, I wefh to dhai with 

,0i11 I,Site Ctt(Cr lc(,e111 witf lhiGren( 

fHevolutiori whi:hri iv(, he t in th, 

fiieffnh t of tliflic (J l.altl i) reclent 

years I Jlalltorfillit, iiy (isetJS inOrl 

lilgily toIwhtat 


History of Some 
Past Agricultural Revolutions 
lhi wor(fs l,)hIiCUltuIlI ruvoltitlll" have 
beni lsis(f to (,,s I rrrn .'itiisslVO 

trroglss in Cro prOdUctiori ir imly 
parts of the woif )ntd at diftercrit limes 
Ilh(history nf lii litrctiliahHil riwolutiin 
iI Wst(;rn riittiop has hof) hfisc~riib 
by Grigg (I1984)inat ar ticleaeert 
Anothit atlthor fin.S ldflfled ftlu stages 

VVIhat tljqers tIhe transitior honi 
lJatirafiloiial pract les to Iodeorr science­a 
hS(,1iS 'tllCtltiO? H-,lstorals of LS 
,gforlctfltt e say that hybrtd mai/e which 
(tVe two to throe tlirlls mo1(w yield than 
opeln-toliniat(d valleties trigleli( trie 
change in the 1930s Faimeis who took 
1tiiytrid maizo adopted improved 
lllariatrmieiit practices not only for maize 
hit also for all lt othor crops they 
glow S(,ilitwarf wheat varieties 

ollgirliitLl fIirio CIMMY1 bad tho same 
impact ini paits of India and Pakistan. For 
t.'ailtifl) , Pu NIabufrI eIrsfoth Ill 
Pakistan ia;adIndia, woo stalitld 
appreciating the value of improved
nutient supply an a(tI managermant 
prati(cstot sei11(vrf Varieties of 
wheat, also ext'ieih/ idlll(.prov.cl 
marigetlll rlt prali:hcs to iice, potato, 
;anidother crotis licrlUdtd in) the wheat 
farming systum Thus the ar(a of the 
wheat revollion also becarie the area of 
the rice revolution, the potato revolution, 
ett'. The role of catalysts of change in 
tine attitude of farmers is obvious. 
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ProgrOSS Ii IrrlrreVIrri %hA/I( t ylE IC 
betw~eenr 1 /50C iint 198 In()rsorrie 
COLIrntrIWS Oft (I)O IS liStejdF~iKm Ii 
Fiqrr I ',I)(! !iirr, rr(i~ in 'iwUt( 

(4bJEef v-(EitEtirik hi, ii s! 50 \'I(i in tfii 
(;(7Ijrtrilr; rlE i(AI(1 It f (l Ir 1 ::lrgely, 

du(e to t mEI~i (i is(l 0sii I n 

adoption if iiqi ye lir)Ip cenii vairreii, 
andii('rirl i E irrc(Iiti'E 


vvt~ ii r tdh Ej,r i )Jirp ir w w t 

in a livlv j!odO c~iw o !,flor l ( ti;E II 

ESIth. il)ofi l li EE'i ofE (I\IK EEl 

1.11(, , ilEf-lIlItit iii lliEIEEI i m~ 

rrII (rEi ErowI E i ,Ei (III( i ~ v~i 

kl'.t ')(- ii 11!I 4 f ;i I i 
s;)(!(t~iciiI l~rE %tinsWEE SljiiivwwV tlii' 
GrE fn fIIE'E.EEE,EIIEEEi l ilt hItr.St hEl' 
ofl I wV' E I .1 i fInbtrI wIEEIEE lEE IE II 	 1( 

Be voiiiori hi OiAOE klS to riril ,1(tEE ii 

GriEE~ri Ril(E( loi , E,E(iEE w; II, 
1irtini~irirf)I ict i 0 ~ t 5trlirir Of AwlEEit 

annorl cf that r'!;aiol /Ej to florod S()!! 
tn~rrility ;irid vvi(!i rrrirliqerrlwrt, ra,'ve 

400­

---- France 

300-	 Swedeni 
Denmark 

-United Kingdom 

hLn )HiItE, IfIJEEI to ) rOfOte thr. 
ownrEieI~C~iri terest. Of rlllinillieria 

iiOrriarrifr 13is:(rlt Hi tridirmoWivaiu 
:icirlirr ,vill iifiitrit! E}'.\' tlir Gwein~l 
fBtvoIitionrInE\Vlwit iEEE IEEE w iS rwalty 
hrliiil h o rlLi; I of E'~~ti~r 

;hti), 

The W~heat Revolution in India 
[wr hfkvli1 Oi ts lT 1]!),I/ whwti India 

l ii ;'i wlEl ir Ii :wd:li (l1966 lE 

11;1( EIEIItiEEIEE'Ei5 (i. tiAlp 

i nctilltir~i i i lml ,fEillti~il' sit 

I E 

'I!, li l i ElSE&tO oN11(1 'ifl Il 

l~Ii, 1111 

i a I 5, fl l i I 	 HI [)ii ase , 
ti,)rs l 3ri(i tio 1EL I ltEEE iidiji 
El E l EE rIE , IEIE i i iltlicl 

l IIi\ )F-i 'EE h ' EEE iijnied tol 

1[. li11tlEEi'mof v it i SEIIS liii rrim 


iEA i l i lilmirr (ils it suES l[ilpril-irl 

iSi ill illt(iil w thaittOwtEEnrEJts 

tioir wijti Ei IEriEY~rEEntEEho 

Unrroiirniiti6, tli rEE;iilts durn 0 thre hust 

fewE YE(IEEO(it EE piofsct wowr( 

1750 1800 1850 1900 1950 1980 

Figure 1. Wheat yields, 1750-1980. 

I"Ri Milelt i(9 /5), 13e'riett t(9,35), 
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disappointing because it was soon found farmers a remunerative Price arid assured 
that the 'package'' tacked glenelic ,afkeAing arrangemenrts Agriculture
 
stia;i lsthat cot, reupod offectively to mirove lforward on a sustainable basis
 
irriia(rli application only whe;n Mutually reinforcing packages
and hrtili/er 

of technology, service;, arid puhlic

lhis rhnricri ii the plckage proigmn policies alre iIitr(Jtl((j
 
wa r(esolk/ed in 1966 when twe high
 
yiehin varlti s pro(.1ri
, I(HYVP) if)
M wh{ifl,iic(., (!.(oi (jim m~l,,i}n( put}]lJ . . . . . . . . .
 

illt was irtrodtuced. Ilie ' ,llilirig I/i' \"(f.i"/)1'V,0y// /tIItt I o7 a 
weat stra-i-rs t jirdir ,i tI ,, On/v .,v/hon muiual/vrilral intreiiwfcoi 

HYVP c;rie frorr Mexico; In liwcafe )'
 
I: some, ' likeI18, carm fiom IRtI nd " /.i '/i./), Ick<olr0,/ (tChology,


others hat henri eithe r .,('eli ed locally , 1(14 ) h .)lrl/r
t i i'i /t / ). ( ire 
ii iritiiduced foin laiwan I'lth(;si; 

{ ; ir 

dJl,'!lvtdfw ,_Jn Jdw;Ow+wsp<;l!ctivf! All Ind iri
 
'I in,l/i, ;urith n, ' irlJiriilnut, hy lli ; " 

(Co)tltlnfiltt.-J ;ofHwt-i;lri Ptojo.c{l tho

irl ;i ;t 


IrInfiari t Hw;eir 

h(:liiri(tiiCit,'f t\cs riltil ; rfin
 

,Coinriril of /'(t;i.il iiriJ Progress in Other CountrieS
 
il/If le oditl(jU
ilt 


Hoiliu lI li8 i thieh ,) rJxcrified 

7 ir'vtiriri()/lhi \:. it, rl Wni; uhn}first t' i)!(i{ iri ra d(i hi, s vn ral cnirintri(eS inIi fl ,l 
 ir,iilitn;h ! fur Iiiitiimvirii wheaiI irr)dictioiii A fcwIp I,wffl(r)C.. li%oiri t! v !rl)iwh ; for. tile; suffice toriridient!hthe( extent of
ItillI if II If)t i j i Jnh I i thi1 ( ;ri ' ilt proqf w"S r i d , 

;lad irHicolirt 

I tv lirit .ur in,it iiidrur l P'iiklsi,.irrcin 


iveoli orn li riion-iniln
 
g mi,i i fmni i n mi 1M36(6, has iricreased
 

wVVIhlNI fromri four million
l)r(idLnctinlf about 
p!(Jq, ! ;,; hl(ig n h rt,iltht!im lij.crhr Ioo y w aslll[)(]lJ( lt~n w~c)t i iolo Itier: lons to 13 tors !rl fg over iillioni 

lilt[ ,\ic ; , h f 1 83 , fi o f iore than
, lliti iri h [ ricina.se 


rctwn , 0 thi lri, 1w
Fln lr Yields have rinirt
t ;t than doubledrhniethnny halJ ,i hln; l i iritunnit.%Iii thiniItvn i (mil rili~iiriit 
 IIIOWof1f~lffll VIII> ini the satn; p;riod. Althrougr Pakistan's:(vfJlopnwoit Illffl<ivrll(:Ilil,) 

lice lil(uctioi Is onily about one-fourthlin i f ovn rin ilit r r t i)' thit of itswhreat prnoduiction, it his beenlairrl~wrrti') rlt ihin)wi.vli irritatir: 

.;ch n iilitr ; ftIor rice tr last 
' 

Urrfortri ,tely, t,r lTnr ,af ex i loii tIe 12 years 
woev tchiilolo~l , If) take rorot iiJd Turkey has TIOrrlealn doLJ Jod its wheat

s.tir cadi riapidly ihid rnot exist iii ri/iyl;lirl paris ndriaoi filnce regional production n thre last 10 years and has
 
l-;larihes ii t he}spreai of niwv again become f modest exporter.
technology 1l1nth e prorririe f --r Baniglaidesh, '"lthouglr still a small 

ile Itrle(tveilg y'rld irf whaltl W,11- produtt of vvieat, nls rarlde 
3288 kg/ia in Ieo I irh,whilin it '; spenclaculai lrogress in increasing 
(313 Ft/firi i1rn1ka17 nni~nin 1984 8{$ productionin the last five years, growing 

whi;it lftel lice or Iltin.
 
lil! growth ate of w iat piroructorn In Ihe( People's Republic of China has
Ir(idii be~tween~l 11967i-68 a'rlid ]180-81 rr1wnin hotwthir thi/n68 81 f itariw M8W;v; fiiolri,htivii doohblk IN! growth Ilate o)f striking plogiess in increasing

cerealprodutiol(n of ti ( rm ,~-Flit. contlribtihonf pr oduction during the pastofrtitto inlefo(falca(leII has long been the number one 
lofwreitliri i th;otlfood gain; ation inI ice production and ranks 

piroirdictiorn to l: ccoirlrv iric asir firi sc iid ontly to the United States in 
ai nio 1hi;19fJ{)80i o 19 63 iou :ior 3 0 %)nfl1o w production. 9 Chinatit12 % il(<'tlpioririw ismaiz/e I 1984, 
Ire, I 985-8G wheat jirOrUCtri0 harvested 8/.8 million tons of whoat andistiniiId i e) rihinn 46 r1W a hii1) ttiereby rdiplaced the Soviet Union, 

,million lrrs ,S;u r h d 76 tons, as IN .,. hi spectacula or w i h hivos t illliorn 
Would lrt hiiva heir possil il 7 rrilr tios t
w ;rlr~l!rI ln tw e w tr iro rnior had eol trovi in thi 
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world, Most of the wheat grown in China 
is from winter varieties; however, the 
dwarf Mexican spring wheals have heun 
used ComPraClllly irithe south (along 
the eastern i winters are less;oa'i whew 
severe, ind IIth norlliwa,;te ripfovirces 
(.spcially in .iIrli)), here thfely ar sown 

in spring 

CIMMY Is ,rroil feports dciring the past 
15 vears give ii irlt oif th( im11pressivu 
progress rnade by nearly all wheat-
growing developing co)tJntries 

,inn: i re 

Ve can rio* coi i..halarice sheet of 
tIs fist phimt' of i,' Gren Revoltior 
First, a rrio -t i ri .lail diuring this 
phase has tl , rieritli (Itf -On self 
confidenct in ihiniy tve.iipirig countries 
with regard to lhii ciitailily for 
act/ievIri Ifi s Uf ncyt Siiffi 

Percent 

80­

60­

40" 


20.
 

Second, agriculture has achieved a 
higher social prestige, and it is now 
widely realized that modern farming 
reguires riOt only brawn hUt also brain 
(techriologV) arild bank (financial and 
owher re:;oiiices) li s realization ,as led 
to enhanCed support for national 
g(iceltIradl ii;seal(:i ld (xtrision 

systeio. arid a greater flow of credit to 
the farn sectoi. Most politicar loaders 
now reali/e that a dynarni: a(niL~ltrl1 
production piogroan, (an reither be 
initilted riotsistain( ,Itrout the 
support o a (ydrik: natioral a)ric lUttal 
rear( clchsy'.tfrn 

thlud, Ohiwpoiulatliorici hut and 
htrIrg, i:(initijs of Soulh and Southeast 
Asia have bee!n ahk to increase 

()ioductiontoooghoa vertical growth if1 
producivity, Inarlks to the r:r)pd spread 
of high-yieldici vari t:cs Wl-igire 2). 

Rice 

6-65 67-68 69-70 71-72 73-74 75'76 77-78 7980 8-82
66-67 68-69 70-71 72-73 74-75 76-77 78-79 80-81 82-83 

Year 

Brrilldesh, India, Nepal, ard Pakistan 
. .. bargladesh, Bjr rri, India, Indonesia, Ncpal, Pakistan, Phil-ppirius, Sri Lanka, 

aind lthi1rilnra 

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

SO)ur( :e [);ihr:rrTdh (1085) 
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dForafghfi ntenlsitl, of cioppinqg al; 'physicall and econlonric access to
 
COUld he~ ii(:hlv(d ilo iriitl(d and fond for ,lfPOOPte atI all tunles.' This
 
d Yt lit i r,i ,I iII! i ( ' ; lIi):,I,n;fe of tli! dntinition im~plies t)01h1a e n c of food
 
*iv';iiili', (I photllwird it) 
 ir;ti. !-:iitiI)iy
rid aitiiiwcfts; lo food for all hruman 

Ilm!o'lftlrl;'w'I11):l I ; iiwspectiv? (of thleir ecolnmic
 
it I L it, 
 3~f~~i 'Iii~el ;iti Ini nttii winfl,, fund si(lirity 

I'l it]li* 

wf %iti nfl iv\''lfli rid I/u0l, 0/0 1/li)t 1hw 1//jirotA1 [ormers of 
I(j)~ 'p iilltl~ ritld not easily 

- i t'f i tt'' li l();1i1o il l;w. ,i0 //I W r,(/11/ )4i,'h s o r 

'Ita !l"'~ :p a'ilh'.I' (dlt~iii Ii Ir Irlytti fieatelriol n t o
 
t'.f ir i hIi' '' ti ', Ii 4 r i ';t 
 i iiny th,,iirdwoio,'.ift it myv r d inoomttsdayfns t 

fil'Iut, ' i i f i litl0 i.) ih)~n:iro ln i r e to ou , it t e 

I''rIi'l ljt i ()Itil I~(;f.1111 )'t.!f riruac on FTes arch r te isi~t d~j(.
hi( ti' tvll 'all i iitII voll 3I'4;l ; i fl ' Iff ld ' rtl tfliPM f)Ithe fo
 

litv~iII ht l~t'! itnI t i It'i 'lif lII
i IlI "(tit rilyt toll, dw l 4'~t th1e tili ruits 

(sflrllo', in ioiiltv~ri Iiovitl tu toirit l ifiitinri' Iii to1
 

litIp tI11- " fiol
o the~Greer to(I rtrskill'ill il-to inirtdtifiieefiat") 

(1''l llt,11111" Hill I~ IfJ11, O wilil ft!j'e flil4ibfltt' 


fV i iy nII, If itit lil iitts ft Iflt[ 111 inofiitw i is4s e liit a e s c 

'llf (tIll. '.'lwi if iwfil nl liIii la toth taepoiI)Prt i fank l 

f' itiiil ul fi,)o
l; fi,) fIti1 bly,the r'ltittiiri vety i irit i y~lfar i iii t (-4la 

.iI 11 il~wil Iiiv'iur Im'Avr if Ipct~onlRseat- rhersnot~to 

IdOIi ;ld~y111,1 l H~ t ,r(. i, ;I f~y w nip nert of the f3o 



Iitt odu tit hiijiti ( to tiu ne"w(,f wIItrI vwt oat touet cfiailtongs which 
valiili:; it twi~io Itll thu'ls;oveirtl coristiity mts(! vvhoi i(iuriciuhtture starts 

o iccliiij'l"! it) (M'( lIi,( -'fliti !ii: rioviff loi'viiit IPttifiOs Ilit protflotO, 

V.WL1t*Tot. ,f f. iti b-budlwt hIt:lnq !qi ? fl;:Iitlton hhi s tritlsj titin 
thef fw r f(Ji' ,I iti' f~it, beifiif TNtit ul ;roi io 

rot nitil~ili ;:),T 
it Of onT ilwitir Im1pact Extension 

f(,t itzf-i 'Irldf Ifl \.-ll WoiiTtlitf jrkers and Mi/ass Miedia 

,,iit lii!OjtiITI eitriiou 

hlutitriwni; hi
If 1/70 /90/it/KU! o4/ /4, tltc. of40 jjfnwtl~ iiothiitij tolttn. tiw ho, %%ay 

lit ;u(.h sIndui 

SiTl iii I llw li lfl, t iti Ii hiji)lt oird su~ 

6( A vi ,- , iriiria Impact on Political Leaders 

rii~ 1(1ii.' i iit III( r o ltonj l-i I. Ir lct H(v reifrs 

of Wl if, f 1). t i tttOf f .; ji: tii~uOff po li ilwtiIIilosIi fT l 

I -n\Ak) -v I'll' i t i t i i t 01ttJi I0 t lIw t I fiilIt lyiii umIq Jndo 

it~~~ltO-ii;,d"' i 'X iih I> -it) 1,960i Fyili ul ff . Owiiihitiiit: occup~tio 

%1 Ahlhtl ;Il C)5~w filiirlttrair 

2~so wfio ji tii rw i w m e 

l 



supplies reduce foodgrain 	 employment. Because !ie food 
expenditure by as mud:tI a}s 	 intake of the poor is already so
 
40% in real teirri for the 
 close to the minimum level,
 
lowest 10% of tw Income supply sfiortag(js ro;sult in
 
distrihuron 
 Irl contialst, with increased rnalritinlior 
the sam;e decline in production,
the reduction in foodgrain Thus one of tl(s 1r:c'1 ilportart
 
expenditures is only 1( in real actions that 
 can tyn. taiken'l jo
 
terrns foi the top 5% of tht implove condiltion if(.r the I)OOr

Infcrie distribution. And yet it is is to rW(ILC flij(::tu;iticri in food
 
the pniii whoj l;t ible to prices adlid tlh.
 
withstitnd sich plivitrorl tIhe
 

~oor s r( t:h ii hligh loiterr1iatioleal plice of vtwtil sirt rice are 
pfllo)ll tf tl ir/lnilt (1r still decliinng, )ayT, n arise otf tIhe large

food0 th lit ie rit)ltrnasc stocks in ilW World ii :1 enIIY hi(ecILJS(; Of 
Induced b .<-o;i : ,p! dtlly Ihielarge sul,)i;tdi , l)ilulii qi\:ro toi 
cdi e thur t.il:!huy (/ii .'oioiini( .', (Figuretiir-isIo 	 ciutitr 
fooJgr;i~nl., wlwrti es l iinor-

W oii-to -d ) ,()llrillr;:tu( 1,,y
 
;[)rlliti
i(J .'; liill01fl
goods
 

<i , ri:;v l iti, y futirher . . ..............................
 
(1.cr ((using firir/oicnw of the Litert-e ()1 11, f0 -NuJr'S 01r0 Sound
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240-

Impact on Farmers 
220-	 tJltmnatoly, it is frrIrs who decide wht
 

to grow and how to (glow it, when to
f-larAmber DMr sow, how ILtch to invest, 'Ind now to 
No. 1 Minn. market their crop, All ithers cajnonly

200 support the" f~iirn s (tLuntrrsr Irnrelilly 
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ti; (A,rlivilll:!d tllt SLch 
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120-	 Wh)ftth or rlltn rn,i li rlhih: riers ire 

sounrdt ecorolitl!-As Seeing ISti thleri, 
tholrviug. [li is ,'hy thi Notioel 

100 	 DiLiunistrielo P ni iti oli.ii nied in
 
Iridtud it) 19 0 4 6 5 iruif er ye rs w ats
in Oiit 

i I I I ;o very effectiviu III u rlViirlri( tfarrlrers 
I 1]i Ill IT I"I I thit they wert urterirnrinetw ori in 

1981 1982 1983 Whetil yieOl flse (huroioristrations woere 
suitOtrt by su1ierltlsts InlItht fields of

Figure 3. Wholesale prices of wheat in snilll-sc;lle farnir; s iechoice of small­
"'tie United States, 1981-83. scalem farmers for or.ari/irig 
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doing a great disservice to their countries iri f!uericed by protein content and grain
hy creating the impression that 1igh quality (Figure 8) therefore, the supph/
yields canl be ohbainerf with varieties that of ,1deguate nu-trierts is sential for 
ar inetfficli t irlthe tll/zation of imlmiovirg vielit irrur riilil Vh t can be 
nutrients, The; nutrient trir,(u rerrenrts for :i tIone, however , 1 t3e pt rrtm l rp;acenent 
4 t/lfr wh(alt c )rop at tiiml diffe rent (if rTiinfrm,l frtliz'rs %,!!i f r, Irown 
Protein ev s are. given Tn able I thII:rtlri,'efs e ltlh ,t, (:I)S Slich
 
inteinatrial prices ,jire very much as 
the steri -. l d tire) -,'o 1.tra 

Yield ft/hat 

5­

4- Modern
 
(with fertilizer)
 

- - - -3 -

Traditional -..... 

(without fertilizer) 

2-

Rice RiceIndia Philippines 

I I II I I I 
50 100 50 100 

4­

3­

2-

Sorghum 
India 

I I I I ! 

50 100 150 200 250 
Nitrogen applied (kg/ha) 

Figure 4. Yields of rice and sorghum with and without fertilizers. 

Source: CGIAR (1985) 

35 



(lOStrve ri t(tJl:rttrr i ({ItrHF I ,rIriIrJit(rd ir I jllrS :I JO (3 withMost of the hjith yirliriq vS ii> ltri tOflt.V l.] lifftrl(rir \'tltrt iJt'OIo( ittSIll 
builtl-ir rw(;15 i :1 II5,; [if t r , I J'I IIll I it rsI-rIit hioli S iitlrs 2irid
pusis Irllt ;'ll III t ! 'rrItw I)' 'irt hit ,itl ii,( i ii ri rr it ihpjriI i l11ir [0 6v 
,h( CiJiviti ibrot Sr'.!,~I JrIi rh;,i iiti It/ V I A;r,'Sl I ii' ii nd t~U ci (, l III ,r tlrwr or et! (j! rt( r m ] J v r w i l i w l() l( r 0ro p w ItlCit~elr r f J l rt t,;i, t r ,miJOir",id s I 

iirr >tloJ y rI i ) } f lt' (if h'ii it i:n :rr Hi iiH t Jltj'Ir~d <;Illiw rn[ <I' .f l f t) t I ' [f l p riltorl ,w J i' ifirlrr i 

1964 1)1)ift (;I- ) li fl 
 v r kj tiiirni (Ir1() d t (Ir filf'l rirty ;fr

I)()t 
 r, , 
 ' t i r it i tAIC
I'rl(t'tt lri I f~l() l < 1 l ()j)J)O ftLriIly for 

r t {I S I II:j t l II f~qq 1ol, [I i,.lr I I I ind lot I hA Ii f1 ' ! f I) I I i l.<ItI rI V, 

tt ht !, fJrtV D (f!11.1I 1th I r'; li IDtIOf!,t: li.b o 1 1i ,#t , I IS i( , 

1. Characterizing elnvironnlnts and ()Jrwn lo it rr i:i.' ! 'sir ibrilhllv t)ii)irtailoring varieties and nanagement ts;irtJ i;ri'tir- .ini] ild rrr ir r;techniques to specific growing I <rrir >.'.i itrconditions lo fo'w,,,! till!) nilfit fiuiop, ;i i fl, : h-r '1r1S,; C'rr t
 
Utivol (i ti w(riV llI I rrrj tlh d i
I1 to .o tVIhlll !flik (, t? h',!dJ(r, rrrk w il l tllmtlli nllo ! lin ll(" oO [ t jelt,,I rili rri Jutc(l t.H~rflrn,;tui_. j . (C+A I) (jOrit c'ji/ f XI)it".HS 

ItselfIT) prOhoJpl'l.st, of \,vti lIt I t I t)1 , 
Vurwgoor/, arid V i, 19 I C11d1, Jr 

Htarvest 

iroth
 

161 - Biclgical yield
 
55- ------
 Harvest index 

. Grain yield 
XoI" 

14 /# 

35- 45­

12 -I 

10 - I .23- M5 35- /",c i,.*. ./ //
23-... / I 

- -... / '/ 

15- 8 25 
1910 20 30 40 50 60 70 80
 

Figure 5. 
 Trend of varietal grain yield in relation to its two parameters, 1910 to
 
1980.
 

Siotr'I Klllshi; 9,ti iJ ild JiiJn (1983) 
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high plant regeneration elticiency has 
ben reportud frm)nimmitrve embryos of 
b irp ,~a1vo V Ci5 Wfiosjta WIviJ ,ith]va 

V.i 'TIH.'' 

2. Improvement of dururn wheats A 
ri;j(jo*Iiqtr i, r otdt~d to i Ito Vf- (111rtuin 

(I oil.Itur i, , (5t lt [ of 

l'fIi t ,i ',i C,)(( it ilt 

(6-

11-1975 
M 2000 

0.4-

nir
 
.r 

0rr2-t~ are 

oru [,Last Noair !aist 

0230 
Figre 6.lbtdProprtion of,i~t 

0-1980 

80-

40-
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Figure 6. Proportion of irrigated area, Far and Near East. 
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Yield (t/ha) 

8-
Genaro 81 (Veery'S') 

CIANO 79 

7- Yecora 70 10 Pavon 76 

Siete Cerros 66 Jupateco 73 

Nainari 60 

Pitic 62 -" Sonalika 68 

0 CIANO 67 
Yaqui 50 

5­

- fl I I 
1950 62 66 70 74 78 82 86 

Year 
Figure 7. Average yield of Mexican varieties under favorable management 
conditions. 

SMrc(:! CIMMYI 

Price, US $/MT 

200­
13.5% protein 
(Canada-West Red Spring No. 1) 

180­

160- / -

Ordinary protein 
(USA-Hard Red Spring No. 1)\ 

140/
 
/ 

100 8 
1976 78 80 82 84 86 

Year 
Figura 8. International prices as influenced by protein content and grain quality. 
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There is considerable variation in prolein 
content of dururri wheats. Studies at the, 
Uriivwrsity ot Nebraska indicterl a range 
()l/.3 to w a; irt; rI ofwith 
I /! ;red SD of 2,86"% 1,hl y!m. 
(:erilrinl rse vaitd fromi 0 )2QD! )10 
0 ))21) It "hoildl he possilR Oen to 
hi e ft(ii ll) (jrpiot(ir ioritnrit. tjilt 

f i Il Jy I. i(ifiir a, i iiI ieri :i teotri 
,lerJl to a (;Ioi(llt io ty -t(r jw,,reat 

siiii,' nlhefJ r1o rnt'. ii to i()e(jrairl 
,i,,lhpotwitih wiilut bhro din( fi r liigii't 
irtiri ,ooernt lilt;tii eni 

om 1hn1%"(dt h ,ipiol(s is wigj.]lato'rl -y tith;vn 
8-r i t: n(,irporaho i in],,rO ; ri 
ni ilh i, o'if itli ii ii', 

l-ffi , s n h i - [)
rii,,,,
t+lp to mi,[,fvf ti ;id :ri, rij 

Jilil,i I ml i :'.i ,t , in !, rw -I i 

techniques 01 chromosome and genetic 
engineering may help in developing new 
r;conibinants (Pjyne, 1986). 

3. Soil and water care Nature has 
eridewed riniy Asian couriJels with 
!lood soils ardind water resourcus. 
[i walteV if.OLirC(.s ire., increiiasingly 

rt harir(essed tort Irigwa rm In the last 
fhV rsllS, area irrigated wheatthe Under 
mis gruatly exparidrd Iii th,, Punjab and 
IHirytiri States of India, practicalV the 

-inJt vvlih(.at i;a is now undur rrqation
I-l i this rt.sourco isriot being 

i (tti/flicunitly h'e arsy aviailabilty of 
rrii
itiori water has often hld to over 

iir(rg li , res-linI Inn i tricroased proNlens
()fvv h ro g n ,silintly, and ajlkalinity' 

fl( i rhttt /) riitignitelt of these 

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

Problem Possible solution 

Siiwing grits dulayed Develop short-duration varieties with high yield
ynnlnd is reihiited potential 

Increase heat tolerance at grain filling 

Increase resistance to rusts 

Increasing problems of Improve water management systems

waterlogging, salinity, (particularly drainage)
 
ar,d alkalinity
 

Breed for tolerance to salinity 

Micronulient deficiencies Increase the use of farmyard manure 

Promote balanced fertilization 

Grain quality Increase nutrient uptake efficiency 

Genetic engineering 

Raising yield potential Improve dry matter production 

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

Weeds: wild oats and Adopt suitable rotations 
Phalaris nri r 

Weed control measures 
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problems car. he considerably reduced salt-tolerant varieties. There is thus an 
by improving the on-farm management increasing need to identily genes, if any, 
of water as well ais thie drainage system. for salt tolerance in wheat and related 
The 'alternatiVe a DpplO)('f is to develop plants. 

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

of India
 

Problem Possible solution
 

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

Short duration Develop photosensitive wheats with durable 
resistance to rusts 

Increase heat tolerance 

Unstable yields due to drought Improve rIloisrtre conservation 

Evolve isogenic lines of varieties varyinq in root 
length 

Winter x spring wheats 

Low yields of durums 	 Enrich germplasru base and develop high-yielding 
varieties 

Breed for resistance to stem, leaf, and stripe rusts 

Table 4. Wheat production constrints and research needs, Eastern Region 

of India 

Problem Possible solution 

High temperature Develop short-duration varieties with high yield 
potential 

Increase tolerance to high temperatures 

Poor crop stand due to Develop sinr: !e machines and implements for 
heavy-textured rice soils tillage and seeding 

Problem saline soils Improve drainage 

Reclamation measures 

Develop salt-tolerant varieties 

Low input use Increase distribution of credit 

/4lternariaand Heirrinthosporiurn Breed resistant varieties 
spp. diseases 

Good quality .,Led Develop storage methods to keep seed dr/ 
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inensive cropping also leads to soil exhaustion, particularly of micronutrients. 
erosion and consequent loss in native ihere are increasing reports of zinc, iron,
fertility. Although such soil (l4gradation manganese, sulfur, and copper
problems am not of recent Origin, defic ncies in areas of intensive 
IpXplcitaive a(riculture may iccelerate olricuilture. Many of these problerns are 
the pace; of damage to soil hualth in part due' to decreased orga nic rnatter 
Therefore, vwe need to develop croppmq InI ihe soil and can he rectified to some 
I) cesi s(' Ah IS TInIfr'Ir)rUr tIlaI e to x(rit by Increased use of farnyard
check the vahrairl loss of sol! rsorces rrranure. It will also he important to use 
ContIn sgrOLK irr))'ri. .h efrtilizers with an optrrrral nutrient
 
prorctictivily .isV,;Is e result In soil halance.
 

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

of India 

Problem Possible solution 

High teMperature Increase heat rolerance 

Develop photosensitive varieties with durable rust 
resistance 

Low plant population Use highci seoding rates and varielies with fewer 
tillers 

Intercrop with adapted ciops 

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

of India 

Problem Possible solution 

Very high temperature Select alternate crops 

Stem rust and other Develop resistant strains for cultivation in the
 
disease problems Nilgiri hills
 

Table 7. Annual increase in waterlogging and soil salinity in some irrigation 
projects in India (000 ha) 

Project State Waterlogging Salinity 

Gandak Bihar and Uttar Pradesh 3.50 36.40 
Ukai-Kakrapan Gujarat 0 63 0.32 
Mahi-Kadana Gujarat and Rajasthan 3.90 1.70 
Chambal Madhya Pradesh and 7.59 3.08 

Rajasthan
lawa Madhya Pradesh - 1.11 
Rajasthan Canal Rajasthan 3. 2 2.65
Sarda Saha,/ak Uttar Pradesh 5.72 0.94 
Ramganga Uttar Pradesh 27.90 50.40 

Source: Joshi and Agnihotri. 1984. Indian Journal of Agricultural Economics, v.39. 
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4. Plant health Eternal vtilrance is the2 
price of stable agriclCUtUre- In)lparticlarI 
constant vigjilante(,isneoed topa 
agilinsi fairr[tv(e to the(.rco !)\ 
palthoge0s, lii:?:;, ii rir,1Jvtrs 
Singh, and Siiv~iitrvi (1986) have 
rhescribed flow Ct-Iini dtO S . hill 
weret 1( ~ rTM ffoi,t htivnyriov\',rio ttt
ltjii 
huc~orr nin-rtrnrit th t, v./ttit crop in 
Indij and 

r obilizati on of nitrogeni fromn vegetajtive 
ct~larls to the grai- fuitiliiatierr efficiency). 
A piiin \nie,: of '1 tooi with ,1protein 

ofnctt no 10)0 kgIN/fm toci1.) 
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it]((:ri.wvi:l
it Iio ~ .'t nc li 
-)11t it1f,:St1M2 kq Niti Alttintitnvly 
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ctrittsl tii -ln(if)tt fit! 3Olit; 
mwtlnM! ijvjl1j)"i(!Mil 


dridi yanf tnlt ritised 

sitliitnilinin, ,tnd., titti i 
t~iii~t liin~n plitieo 

5. Increatse in prtin oi nteni WIitiii 

hivO fou r il 5iulitli 11,; tvihi riteits( 
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ilictisoityield t~li1)1! 

uoved rlliit(iei u ortinsuit ofOak 

t1ttlak ifiroriytw ririd()y 
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an~tl ,i t h in lo I it(iiM 1 t5 . I tltrj 
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Sltoh it Pu5Sitlireaso lon/ 

ti ir naruuurit oft,oiilteer stjitufioit 

tns: fit r w i l It) rom eatr i 
SL~twilC) tiitor(i vvhetet irsw witl tif! t t 
'ti: i r'jt the ilitmic-itlrit tompet n 
Ict tie t:Oledi,1i ice ire kriw to whls 

nreiotierl Fure;iir cirtDu this 
I ler i nii, it y it icOiitswhea l ,tin(tt ce is 
vtiriertsl lowir than aitirt 0figh e 
ttliiotrfid at tlit , grtiisri-iillndstaen 

tntIt
litrtri tt 3/a lo 1111lq ! ftinIlice 

vtilletieof Ifittii! wttilleei igh( pdyto 

rodrclopvily twci ril1HI( totrtiti 

itiiritinigujrOtIfle at tue kiirnwn oitdrs ic e m 

WUA Wld ( IJ 1 5 9 ird 1 ) 



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

Screening for low-maintenince 
respiration night be a .good apl;riach 
This has been,)usea successfully in 
3eyfieari1arid rvegirass, ard therfeore it 
srO(uLd he! poYsihle to select for :ow 
rart-nraici resp' Iittiorn rates in wreat 
as well. Peb~st,,seericn oe lofeves arid other 
delposits on eel,tpiderrils are additirial 
rrecharinisrs by whic la,,if teiperirtiri 

(-,Jr)be reducJ Sir(ie atwrls h1v a 

higrier t(errifpfertflir optirniir for 

ihotosyritnif'sts, sel ction for lger iwn 

aiss rII't/ be lne'pftl Heat shrock 
piOteire,; hnVt recer ti' bee(]f ideritifie iri 
niiriy cropt)plants Ihferomot r-iraice i 

the proposed functnoi of those piotleli; 
w will have to study if tee car be 

charactei/e(1 tint incorporited in 
breedAingl lines without ch,ainging their 
yield poterti al. Prhnysologists and 
hbeeders need to wolk mlore closely to 
screen both gernebc stocks and
 
sIll egating era eo a
 

In view Of tIe iIrIcreasingr prel"S]sure ora
 
larn for SUprtirig ;n) fever growing
 
population, we will iav, to design
 

Grain yield, l/ha 
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Sowinq date 

Figure 9. Response of wheat to dates 
of sowing in Los Baios (141N), 
Philippines. 

Somrco Atptarwal ott a ( .86) 

efficient land use plans. Crop rotations 
will hav to receive greater attention 
based on both national needs and soil 
produet,,ity mainternance -hese plans 
have to be eco!ogically suslainable and 
e(conoinically viabhli 

7. Resistance to preharvest 
sprouting- In the last COUple (Of yUars, 
unseasonal rainfali in northern India in 
April irnl May resulted in a considerable 
loss in grain (uality. Often grairrs 
gnrmnate it the spikes The projected 
itleay in wheat sowings and harvest may 
further increase the probahility of grain 
T)hirng. affected hy rainfall at the time of 
riiturity. lh(refore, it is desirable to
 

tivie'e rp lines resistant to sprouting
 

Fle phenorne:!nor of sprouting in the 
spiktes is a comnplh.x process involving a 
rnirroher of steps. Many of these are 
aff(cted by the environment. Two main 

Yield Itiha) 

2-

N I I I
Nuv 1 Dec 1 .Jan 

I
1 

Noy 15 frI 1Ic .h 15 

,riiij into 

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

Sourr e B tie;i, I I ter'sornal (;)rnirmrn nicationl 
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pains of malnutrition and eventual of viable durutic capital markets, the 
premature death. lhis growing diuvelopr rit of eff((,tiv fiscal svstems, 
abundan1ce, iHV(e.,is e(Icorillm , 1 arid thu iliiu iieii ef Irlrratrnal 
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The Challenge of laisintj Per 
Capita Incomes of Rural People 
CIM MY I airidtht!o l r iternatioral 

CJII(,'II f(: , r(cri,:teriite :t (;ARCs) 
W u:rV;£n(I ii thu tCIiiOt)hl Of dl 
nIru(;trutuorra: coou rjtrit I crusajde Fagairist 
iunger. Although onariy p oblofris 
tonani, thlt citisadr as no(d atv--

Real wheat price 

- Real maize price 

Al'
-,%,I . x/IA,% 

I I I I I 

1866 76 86 96 1906 16 26 36 46 56 66 70 81 

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

SOurce vuijitin, N1V arid IRF Brkkenri 1982. Grain rcus ilhi l erl!;:,Itbeeve 
Mirueo Department of Agricultural ard Applied Ecoriu :mu USA.;,Llnivcr:;ity of Mwinesota, 
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has III tttprty lt5!peli;tterrl ;I tuntarkaItttP aeais.) FlWillv1 r mt(,lpt' Ititl'trtlv(?' for 
Sutcce(ss 11F i kitl iitiilyto produe;t if (III(! ofpeppij-t-r 

ProItdislr T ( ItPt iii )(ipJii I I~V1' tt rIII Iot y f I(t It]pSIIt t n I I (! P p t iluntts \VII(
 
",tr 10 VvIj 
 iw r II If IiII I Ii st II)pI it( I i t jr) I vn Ii 1 ot 1 1( 

1ithht I !;I it~ tt rl~ p; , ; ttrI i I t IpttI, ru(t ic .;ti~si t( tiors.r'I I 

if JPVI~t\' iiPit t''PS Il~pP 't i'ilA ti jfiP;p)orl . fi P P tr\ l i l it ! p lic 

iiV Cp (Poi(situWtiltkjl[lrivI r~J'~ IS ItltPtilI 

i~'ttrp'(Pppi
i p it pI i i oit IlPi PP qi t~t;trictfP/trItt(r f ii tttiiirtit 

Untitti iiP n i t'(1A pinmt-.Pill(rn tilt"It 11- I pii Fii'p Pit tPi i ntItt lt dettiri p 

llwlit t itilpto t OwiI~trririut. 
vo( l, w(riif w ( of t f.I O rp'Pt,,(I 

itPit~ tlt O wtt~ptlt F f olt tptttppVeppf 
Orti fl t,~t lm ii P itthp ii tlttir i ui rPc. p . tf iS ; tit~ tr- u 

tttt ovi. rj iltPP. p jiitp tir i ttPI' tipl~iw wit ittrC(I 
ItICFofpt~v t~iw o tlit ipS t tIt ii,h til pr lim tpPt rl p inIptillr ptut ti p'ip P Pttit -t 
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measures lead to mOre rtapid rates of 
,OOT Coruerf,jro-th, howvor, lho 
htndericy will 1w tii a:lbsor) a fairly large 
-Jh~tiwof lIt! I ;l,i!{iv;tii etiiliaal litliit 
iii tw loi}rrw.,thl nt )rrimy 

!,riii ril, l}it t
lt lh: rtc l r{l rilS rl t 
i I,, t. i, tII ITi;lnrt i ,itor s ofIt,;iuii 

IiH Alt (1 , )l i (l fl 1 iiiv( )lvtld [f i ts O w 

l'rliird t:iiiriliii l(flttiil vi!,il
l t - I : lft t:~tt th,,it th'. 

< '{,!(( to()lllflj! (to.riot[ h~jvt 


"CO M)t(}rM( fiofc#!t - dJlvirlij tll.t fll lovv.,lldj ; 

ln iall/'illlr it,l t ()VtIf, h y VII Lit!of 
itli t: ri , l l I ii; h liIw, : i)u ly Itrnl 

,iffl) 0 i ,, IkjlC OO,; oo{l: ,l(i!It Ill of!/ ! D(I 

II rllilt,s '()rII( },in, 

):()HtfDj,I( iioltl oft il )vioi.h 


The second factoir in diversification will 
he the shif t upwa rd out of dependence 
olitood grains; i1i1 toward a greater 
depedence o)r liveslock arid livestock 
ploduci.t5s Dwr ia)lt;j IlicofIties (Ise. this 
is mrostly an iriCort etluct Ani 
Ililpli(ation, ol cof rse is tailtI c
 
iJ{roiiri(fotihr(A qtl lIis\vv in aiII it(I{eastr 

;) rahdIIOhItS111 r lIIuL3 flilt? co(IH iodiO -s 

tie,lo! ii{:th CIMM ' ,s resj(} ;ible car) ber*: {{ t o 1w /m i(m;Iy[)Oriant io} l? the 
h itoo !t 

F-i ll llth LI(JhiItrwly riot he true for 
ii(Jlvl(tjcDiiilIt!s, tihegloballj 

illm ot urll ] (!cooolw1} ,Viii l j r 2 ious 

IltUi i{iJLJSIHll liohl(ffrl theICI',I ill 


O(! ti!tl is Iii(iii urlil r/tevoloprne nt 

},,:{)lrIt}.I, l{) HII!\',r ~ill~i~t[ Ill lh, ritefritional tradingJI{] 

,,\ t i Til ;tt tiht lit y' rvilil i ll in 
tl: dt ('{ iiJ ,l Itidis li I', ;o 1I lriothti 
im'idJ ()l W it'rlt At(e,, erit iri -;Fi f 
,ji l{ fi[it(lo (I A l\ I I) poosuiH( cl( rmilIi ttItiHII 

it~ii,!J fw:!]{oliHit ; i-.()Ihly luv r in 
lii,,t,,f~iI mt ((liioris l)ter 


w pilr{ m)l;,lf iIl, Jiv,dl()o)ro(I cotit nw)fu 

,AlfJ i( , Iwvt-lf l t,t o{I{ l It l tfI l ( 

1 p id fii tih' ' ui" t(i[iluiti
I{jH :LJlHF,Il I('; I),, ilr d r{); h w t olt~r~ 

offl Irw~ G/\f I ,lJ!l j r ( jofih ) ,o jol* l)j-I 

& 1i{:t~ l [Il'Ifl( '1tiI III i{foliIllrllIlw)jI t',o l t 

The Challenge of Diversification 
I i;:sti, thin> lla iit(t(:LltiLill arid it 


loT (it ncaoril}lari
.cla (idtvplropmril crm 
I)* :.!i to ri) albolit tl : flilti l 
lttild,' (f tht'tlsuti:aiiuirmitm!of s;tS ll 

ii', I idJ (A lh }r b~ill t illttl:111t} to 

re'l"lvt: IiitI[iitllrtli lilliht:; Id(di itlr-nit 


{di;ti;:li r fii titt;it:.T 
ihii~li'ittllt li lultihitlut 

P (ht ,, lit:imos t iudllu(lV'el:tflti(uii 

pltchlf:It Il st it ll;iili lil .ldtiy i.;tie 
rwi, hl iteuShy itiu at l)Ii1:(! I t f i i{ trs 
,iii: 1t .t1 i: Ilii: tl;l i ll, 'Slile;sotf 

itj l wmi:r,rlaJi hit:,Hhc.start:h lirsttltJl 
(IRRI) Iidl;i neltllliht siyst:rii inn 
Asiha itii;iilii ylds so thuai (oittmiod cai 
itar;atisfitrtt with stlli;l:trn l iri -iaa(tt: irloih 
amid Indonesia ait two omlstarrirl 
0XdrfIlplt)S Ill shichli rlte prOdUCtiOn is 
t(lingJ to niu ;iheiid ocfdnmant. 

-ys rtlli Ow (l1tr:ihlli they face fOl their 
iI frlr iltri;l Oll) l isrulatively elast;c 
Biiilt) clos- t;coiiorIies, ;nd for the 
dl raliti for artricollull t i)lpot in the 
;Ht2r.{a ( (JuI ltf dl{ ('rlJs to b ' [rice. 

lidilstic oca , ir ir/lovr(I et2,- in 
oi(LCtiil)hiJihilo., shift the , y tlh;t 

-;top ly (;LvM 10) Itht! oI IIll]hw i d(rivf 
OrM{ fiffUty JDlICus' d{',Vfn wLlilliv( Jy~ m oer 

I ihitI: Idltrc ;ri to('0 nut.A{. It is this 
if)(hnI p rl ,i.vo } ich }'- la~s andbor, 

I) ;ti c:frlaln r o:t)hoti ieSet:ices, out 

o f sj{:% !f:t()r
 

Ihis is i dlv i.-ihiliorn problem in the 
t:orite;.t of lthei largw (0{:nomy, but is no 
Ik:r, ;£iInificant thin that fa]ced by 
iriii(Jti.'l CorTidtti, s:etois. As noted 
Id i i , 1tit iO ito (f thl,) llor poicy 

chut ileintts polir;ryniiiktrs .vil fic in the 
ltmttl if wvi c~ortntm m to ill, iicce?.ssful in 

twtIIlri oruItsp iiiic)tiolllu;ihnolngy. 
lie{ })lr/t I wli/t tpi tiltt jcrinsitu, how evet, 

i; fhat th lrittrirho titlrliJ COrrMMnl ity that 
hieip.;to l)lr(11 (Johinclanicg in 
t(,ch Iol(y Shioild itip willing to support 

tlhe; .suzc 'h ntruIded m f;a(i;itate this 
;tdjlustrcient pioc ss. As roted, tis 
ilivolvO
!s divtisificaiior both within 
]i(t.l (-tome out to thead of agricUlture 
mirflaomi sector. To do anything less than 
ftcilitiate this process is to sacrifice an 
iITlipotant part of the gains to be had 
h rm IrodLJCtornew technology. 

53 



The Challenge of 
Science and Technology Policies 
The developing countries are increasing 
their support for agrICultufal research on 
a sigrfitcan: scale, aind the CGIAR 
systern and the donor cormounity miore 
generally are helping to make the 
national Systerns even more pioductive. 
Unfortunately, few developing countnes 
have anything that would pass for a 
scielce and technology policy for 
a(IlICUItUre AltiOugh tfis topic could be 
a paper in its own right, I want to touch 
on iost a few )Of tht more irnpoitant 
dsts 

;New /9n.,(I ,l (i(,,Jr ,(:h.{icnfiol( t /1 f,'?h h1t 
of qrpc)o'vhi (it]!, t I ! ( 

.... . ..... 

First, triere is tre astje of rairiterarnce 
research 7 Brecding programs that make 
plant rnatei als more productive also 
make ther more viinerable to insects 
;and diso;, ; Ilhis year's Arinnual Report 

fot the CGIAR dtescribes in dranratic 
fashion the, efforts of WlHl to keel) Up 
with the rutatitis of bicteia and 
viruses affectinrig rict, I SLuSpeCt the 
efforts of CIMMYT to kee.p up with the 
challenges of diseasis affecting v, heat is 
no less drarnatic Whit Ihis means is 
that policyriakers need to balance the 
demands for such things as appliedresearch, basic research, strategic.
research, arid maintenarnce researc,
Feerchtof Marinvtenanacal cpartyFew o f th e ni h a~ve ; th t .a n a ly t ic a l c a p a c i ty 
to helt) rrakr irtlligirt and informedchoices errnthese isstrir. fr le.chnical 
Ahvisory Corirsrrrttei,TAdh itfrisses 
these issues, ofi e, bIt loo Is 
the analytical i;apafiiity to do anything 
other than r~iak iriforirred Iidgurments 

i,Second, thereir the problorri of 
enviroirnnital Issues, aid sus airilbility 
These plotilerns have ieceive'd little 
attention to date ir the developing 
countries. Their solution, as in sO many
thter cases, rneg irs a con tribtioi of art 

irmproved knowledge base and sound 
econornic policies. The improved 
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knowledge has to he generated by 
biological aiid physical scientists on the 
one hand, and by social scientists on the 
otheir hand. 

third, miuch of the ( ISCLASSIOr in earlie 
pa ts of my parpel su~ggests that the 
international systiri is significarnt;y 
underirivestirig in economic and other 
social science research. There are 13 
international centers, but only one of 
them is dedicated to policy research. 
Moreover, the Annual Report of the 
CGIAR will note that only 2% of the 

,operationalresearch budget of the 
.ysterr is for policy research. Yet my
paper is a litany of problems associated 
with triobili/ing the surplus for more 
general econoriic development, of 
raising per capita incomes in rural areas, 
of devising doriestic policies that can be 
effhctive in the new configuration of ,he 
international economy, of the potential of 
policy informs, of problerrns of 
diversification, and so on Moreover, the 
point in each case is that dealing with 
these problems more effectively will 
increase the payoff frorn the agricultural 

research system as a whole and diminish 
the incentives to ICtrfuJCe agricultural 
reseach budgets. 

Firally, t ere is the challenge of building 
an ever rnor ample scientific and 
technological corneiuninty on the 
international scne.. An international 
agricultural research system is emergingthat is mnade up of research systems in 
the developing countries, the 13 centers 
of the CGIAR, other international centers,a d t e r s a c n t t t o s i h 

rd thi researchL inistltutions in thedelotied Co:uritiies. Although tlhe. 
integration of these systcns has grown
a)idly in recent years, the cohesivenessof this integiation is still quite fragile.Evryfody has much to gain ror 

helping to weld these various 

components into a truly robust system. 
Concluding Comments 

I would like to conclude by noting how 
cornplementary sound economic policy is 
to the new technology created by 

biological and physical scientists, New 
piroduction technology is the engine of 



growth fo, agriculture worldwide. But 
without plope incentives it will riot be 
adopted. Mcreover, without proper 
o."COOrIrlic polir '' the increased output 
roin that new l(thnology will riot 

contribte offectvely to reral 
ecororric growlh, farroers will be marde 
worse off iri i relaiive s(-erise rather thai 
bettor off, wdpiiir'iirwill ot be 
'.-tista |hiam ai s i[s[ tfmvirriienqal 
problerris wii; riod the riatioial fesouLce 
hase, and people will go hurigiy in tri+o 
midst (I plooty because they () riot 
hlave.I tHIQ wihrevilhili 
that is aiahht 

A; 	thi disc Io .sortn 01 
challero,js i r it1l 

to0 touy the loed 

h our(1 irakeiicleal, 

hieFrefore, -iswe 


coigratohsti C MM Y F for its first 20 
ears-;, h : ilsio tHil) our eyes to the 

evtn pearor h l eri s hlol e (is. And 
In the [)I()te( It (sw CIMMY] at 
le 	sl t ri<thi.r 2[.)yoils of prosperity arid
l).1Id"I.tivii','/ 
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I, too, am honcrid to be on the prograri 
this trioiric., i11(I h ivn- beur t, 
CIMM'1 i reti'. for tew ist six: Veai s, I 
tak iirtiMCLia Hla(t! in CIMMYl ­
iJcr oriplislrint _ ,'t i thlfi, f is I 

anl ttenit 1, CIMI1Y I maa nt to 
DIc! tiL plCqlfxtil I shoul iil alo() ot that 
I'm itkist In utmirith ,tir ,enl 

h,Im 

I a cofirt;)hIw rit ; tkn o ,d to r !A ()'( hit

alml-wIt i ,.lri(t; i,. it s turv,'ard-
n (kIligj, , ,rI it ! . fIls tratJerirks, 

',iiLi ari i! t .il naVet lt, rt tlL;t! ( 
red(ldi IS v!enl-, 

" A fOuci' nr Ii ni;,r itin( f)I 

rii l plhIi:y,i 
" Iripoittp (t! if Pit! llls frorrw tritl, 

ain(l 
* I-it higjh ii,-tff rof irIve!:trIfI tsitn 

) i(Iftiiui, td s' s 

I find httlh; ti i ',it slth, f r ut litilI 

u;rritualr irit ri ' ( +rl: It­
penuitirril t it IririaihlDt ,s tht i rowrnlrin 
;ewel I ting.w ' toift(!i it,ndeo(t, I 
urge v(tir to riimu it It i; i vworiderfult 
stateniot aJheut lie world feed rohlurni 
arid tirte(curiit,:It/ ri hltwveeri 
-.corioniiic t)oliii,, Ies ,trch inld the 
biologicaf side of prliiItturaiproductIon. 

[conormis Iucs:i diisreafl !ucL(., we n/ever 
seelril to 1wt suituH i-owe,,ver, I a;k YLi 
to thinr1krihtkto CIMIMY'",t; 10th 
airiversarV/ hiink of what we,, wotuil 
irve ten talking ait then shortages 
ot grain liII( pr(vNIlhri-I vi'w although 
riot Ed Schuhi's was istmg real pices of 
grain, VV(!ewould htiv;-+ ben wrmin our 
rnhd: Now .tn ithe stich hat the 

wrtld u gIettig,(I wirt;wliri we raVm 
hlighuir plCes, ia(I wits)i also vhilrr we 

,get lower pric(;s? I think Ed has been 
very good this r orrurro i pointing out 
the great heorfrts that have! ic:riued, a.rrlrf 
surely the ;iuhlls of progress arid 
pleunty are! to Ie prrlere to those of 
sfhot age,s aid starvation. 

It Is within this broad context of an 
economy-wide view that I think Ed has 
made a major contrihutiOii to this 
sio. While I fin(] thim aIi in general 

,agieilrnt:nt with what he ,a' s, I 
ne.etheless wish to tuibble on four 

trt, whoil I thik his hrelet and his 
liege) niiy nay gtteri 1 the waiy of his 
Wil 1 idqtterflt of wthat fealityhitldh 
:twHilt Ihio 

Wihiat are+ IostMtot lits? I hav(e never 
tititI uestirin( Iti( it )( erI )ofhankers 

VV(orid n utlit(rw ;ii-) ht I i ,-lly wonder 
wheth'r dieht r :i in (inlw- eilher the 
developed or the ifevei;pi(icLCcoilltries 
tOV iItd tradII !;itItiI. /YOLi!h0llt I h)e 

mir lii t, FtJ. I f2e01 trilt,o t;nii riot be, 
Certaily th(e forcus of n)rilectilrmisrn 
;ourn tht Worl(d ILu0JtJ% Ir)eietirigs 
riottwtthrstaniliriJ h vutSto 5u. ,a raljor 
conrtiri I really do riot think however, 
tlat d!brt trvwtil(, tlorie .1l cautise the 
rwera/ittirirl that intl:;i to take place. 

Second of all, yen iraki' a wonderful 
tIs.i for the gains from trade. It is so 
logical that one could hardly doubt that it 
would carry the day But I'm Impressed 
as I travel aroLind the world by the 
forces of aetatrky, of looking in rather 
tihn iLit. I find that partiularly true in 
Africa Although thew have beern some 
inpiovernents of tate, I really worry 
;lbout sOile of the sense, hUt, more 
irriportaril, a lot of tie row;rise that 
tsides ider the heading(of self­
sifulciercy. Countries, arid centers that 

r hose CoUrrtrues, do not seern to 
ri, to help thernselves in trying to 
pJro(dL(e particItilar crops in places where 
thI y should riot be grown. To spend five 
thslkt; to save i("i,supposedly in the 
interest of sell sufficiency, is not a good 
way out. I know that you agree with that 
as well, Ei, I IJust Wisfh triat wore of the 
world agr(ed, toi, irird I feir t you are a 
bit toor sarnguine on poriotirg the forces 
of trade and how that will help us irr llr 
years ahead. 
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New production technology is the will 'lot he sustainable because 
(ngine of (jluvwth for agI culture environmental problems, will erode 
Wu(itdwirie But witho(t plolpr the rational resource base, and 
Ilnceritives it will riot1iwi i(fiipltil( peolle will go humiry in the rlidst 
MorWovUr, Wll hout lrol)(r e(r()rllC of plenty because they do not have 
)oniciS, lh! Ir)e:r( i ilpmutrru frorri the wherewihal to Joy tr:ofood that 

thai riew techoolottv \\Il1 notI is Ivilahbk 
r htr;onir tiJ4livelh/ I) 'qr 

Oc01on-lic rjowvth, fIr ers vdl he lhfal, I believe, isa,worrirfuIl staternent, 
m tadeWvic off io a rIlative serse and I think th locus tIat you've brought 
ratfhwr than hetithr
off,iev(lopr-inrt hr
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of i otchnology, t i t d i mri q hi md t> i t ivi dL m mzi ii S id( 'litw, iijfl II . TI lles Ii lit :'tw ct it w fti I v'I ml lt)2- t i t lii sl t I it l I 
itioiiiI1(151itT i I i loffiT tO I' Ii jl ii I I Ti tti ii h(11ti it i ~ l l ii 1 

TillT ii hll 113[ L 's) For II I % i~jM tls1 I I slit T,li id i 

ustii toi t trilt of: i ilto 't T iTi' ii [111\%, -T, 1oiiiiw r oI)( hI' fot (p lilt'!I 

chlol? ilitirlfiitifrom llr iO;m liT i tlll( hiluii:Itillio P irw 

ario1q11) 
 o rioilir w; ofi i m,;~~iFJ of t o C3-

A i~flrw (,lItht'Iiiait i ti(t i Ne111ijlttelh v tlw i ilttsoi onIon t h ii i 

il~iiTii(tiisil II 115 tl)r o tV J(!villl1fJ1 l Iww:S Iiitr ilcliiit~m NAioriicf llD 

5(lillwis' IT-;Iti( o s (,,IIiir (t 1?co Tkicqilillt '; (t iiiliiil o~\A " ine rsitt. 
by1101( tY litiii lil11( ll tiI u Ai ci! s i l Is oihil ;iif rtismit;i i ll or 

fosuto, fiiiiif I( i i V I t ii, r D~NA011( w Ich they Ir[ I ttr oI dosoI vII(IIIf1 0II 

or ; fo to r plnIIit il I hut yIt t Ited~I dI sco 0 1 thIIouIro te I ili ithtiIi 
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by McClintock (1951) the molecular 
basis of their functioning is now being 
umravelled, offering new possibilities for 
DNA traistorriiation iad the location of 
strttil ge;nes (rFavill, 198; 
Starlirnjr, 1985) 

lh(ose (' oWxarnies illustrate the many 
litturlrlt if) which it is b(corrningways 
mir ,igly posuihl(e Ioqtrwfrat( genetic 
vir otion or to (ffect (metic change 3iut 

tOe i duiction of e(rortic chanle is only 

o)iut of !hie plbheril We.ne!d to know 
fan rnll about lhe) typos Of chirig(j to 

(illdtltft!01d l(eCO (eH rl(ilft Ofrthor!,
 

sets of vimety tials, such as those on 
the CIMMYl wtheat a rd maize data lByth 
et af., 1976 Westcott, in press) show 
prorise OtfovfrlcOr'irillstomlof the 
Irimrtatiorls Oiflrmin iiielto, based 
larefly ml linear ro(Jtwsiorn 

It Is /inCoasi1gly possible to generate 
LP:)iI V7IlI/ o effect geoetic
 

C /fl/Vr-. 
.. . . . .. ..... ................. .... ......... . .
 

iq:ii foiri ttfectlve luructuOriurut;Ilof151 N'(liuuth(e HHt' plaitH Jt 'vthnt (.>te(Nrit it bt c. !li re;sts! 0f suthch;IYSSana;lyses 
pwo ibl , f(o e,itluilibh,i(I)t it 
eC;Oitlitli lot)l t ' ol\, 0 nt 

1011/0?i wel)ciiniplait" coriv ili(ig 

'il 'toi-l
v t ,itrii r O r1 r1where 

Ill ii(J;ihty i1( 111I)Wil(d frr /ki, 


u ; (i l;ioro, , riI thIk(
larrirk eri 
lf sf~rl t;ItJorfll s ft.lltljrfLJS C:hillkmufLfor 

1110:ilteriolruius1(1 fiuurehallnge 
ri!mserc t)iy artplrut I)ri\/Sioloolisis


~cherreslO.(nly with ipt)riol)ricte 

,iriser h ilehto111 irit ol; te 
ttfie o 'Irind 111liiwi lj!(;hv(es l Im 

pl(u i1 -1,;':. rria::iirur/ir lhttrrieftil!; ; to 
(itru-::v' Ii rill)logyh~tctiriigitu-s hl((; 

Evtnith(i, ltie', w i idopt the 
toctiniirues onily ittthey iow c(a;r 
ilJvaritaies over sttbhishrd MethodS (for 

d fuller disciussion t this port, see 

BirjIhfgtar, 1984) 

Yield Stabillty 
and Production Variation 
It we are a longI waly train urrder stidirrgm 

wr
the ctevelopirierital arr1l physiological 
piloc(sse; of litlrrt growth, \vOw;tiie.vun 
fortru('hr ori 
FrCDtimrisrr,s whul(n hy difflilnl varia e 

rrtml rnd diflter(rily to uilferent 
laboratoly Itests<4 gh trtecornie, l)It oi 

uiloyoststigtolfortto, vtluiato '' 

lothlt ill stabstigtihsfoo 

of p)ot ntilil new V l(,itliesfii i ', Ill 
fields tic trolh puiruloctioai ilii, 
artd fr rrio th n (itrseciscn Air 

intairmtrI ritl ceful such ;is CIMMY[ is 
irl0 )osition to orche,-prt h; the
Wlid( miltiatio n ot utlumestitlo 11h 

evaluatione ofciain tti ririghi 
regional ind natioral netwoiks. Recent 
develotirrerins in the analysis of large 

wid getrpmsn 

10t! titficilt to bteltedlsr. to lake folly into 
ctco tltilthk,liay to day (Je'isions they 

hvm to 1n1K. iill; is ajcomplex area 
oWnly sustained riU(JH idJisciplirary 

eOWJ is o pldthihu ,huiprovedffortl; I 

r ti dology', lht i I i ;jned lor closer
 
rl~ l lo )(f l ( i) u r(vl


i it e~prtiou ot the huorrwtorical, 
a(Jritiloro l;gfa, 311(Jt)iysiologicol 
i)J)lIOc eS, COlitilit ,Vvu'rloiwiedgol of 

th( trl (tf arndiriciLtior psts,, distases, 
citiherhriititrig facitors liii MillwoItll 1b)e
 

ri first
 

fo cdefirirg ocologciii t)o ridarij 

to(hi~vlOt) lrllt)rOvtOc ethoco octgues, 

s for
 

iitlaiatiori, s corid for 

brleedinig lor,,creisod stalill of yielr 
within tho;e bronctaries, so as not to 

cotuilte(unnecsssarily to the increased 
Virallbllil Of fprohctlrion ci absolute 
tl tlial is nvitahil; as yitelds 

increi,, soc Ha/el! and Ariderson, in 

press) FartiCtJIllrly in r:cr fod 
runvionmenits, ttrore is a need to strike 

a, appcooriate balance hotweun the 

vaitw aetiil ont 

desire for widi aciplahilily and the need 

fulsp)ecific artaplttioa Fls is another 
fofsrcirrf hrtihich thee will 

i1l l fw( siicr ii; o(l 15l lis Of. itiO il 

Harnessing Science to Production 
Allof the to(;.(ugoirug e!lrnilos of new 

cenvc id technology 

rilltd ai,,'( thetihe corripluxity of 

i)rnihris, the nled fora rruliticl sciplinary 

1it ;tch, thr. otarid iurnportinice 
,-islir t effoi te conr-ilutions cifotitstaridir g inlJvi ials, working in 

sofiie 
re hlative no srfficiert.ioltlOl, ar(e lo er 
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approaches, but these must be 
reinforced through collaboratror,, net just 
among motivated individuals, but with 
the solid backiri; f institutions /\lhougi
it is the individualo;s who (to lh, wc'rk, the 
nstitutions iMLJSt priVI(hf! thf? CorntinlUty 
that is so mpor tant for succeses Of the 
many types of collatloration now heinig 
developed, I shall rmention only a few, 

F-urldamunital to suCccss are Iue 

collaborative arran(emrents that 
nave 
neen developud between the 
international cernters and ilioial 
reasearch systens These arraurrrerlnts 
reust be ri(srX,]iv, ? to chanlirg 
CirctaJcSTlf C aid strergthener when 
necess~ary. (Of .iL. Iii) alrce
 
howevver, is thew continually evo)vingm 

palten of collaboration between 

interatiil 
 en;ter s arid adarwic( 

institutions Ilrn (rl(h)tt
tli world 
Collaborativ, lolject:; bh'lweirl CIMMY1 
and :he Plant Breeding Irnsitute (PBI), 

funded by he Overseas De!velopnrent 

AdrriruStratioi (ODA), affor. good 
exarrples Thercurrentlv iiClude work 

related to wheat on dwar firig genes,

alien genr Iasfer, and ,,.ido
crossing 

Such projlerts not onlv hirnes- The 

scierlific capatlity of n a(variced 
inStitution to proburerris of crnp prodLIction 
in developing r'bitri:s, lut they also 
serve to provide ',wider rrvol.vemunt of 
national srrientists in problhtrs of
 
international irilpe tarn(. 


This vvider ani of Iriolving rriore 

scenlsts irPiroblerris of developing 

countes s erie that attraited the 

attention of the hlrr.rjrinal CouLcil of 

Scientific Urlions IICSU) 'r 
 totr in-1 9/8
to tihe establisni eir if it"spcil! 
Corrimissiori for thi Application uf 
Science to Agr uItur(, Forestry, and 
AquaorLtiri.! (CASI'd-A). In collaboration 
with the irterrialiori l cenlers, 
Universities, rier-, rni othier 
orga n,,at is CASAFA .;eeks to Irentiy 
probeMs Of wirteJSMNrtd imIpr)rtice
where scice could make greater 
contribuioris. Of rr.,levance III the presert 
context is prorotion by CASAFA of 
the need for more fLindafl ntal 
undirstandirng of drought tolarance 

and the biochemistry of parasitic 
angio.lpefrns. This latter knowledge may
be crucial to finding control measures for 
sltiga, which is rapidly becoming a 
s(eiotJ ,'oristiairt to the p Mlo ofLiCt1rur 

mla/ie ar(l otlier (o)!: iiAfrica
 

It is in Iltws,,aid (thir way thwitscience 
md tuchiroloy Will conltribute to the 
ftILfU greU revohitiris thil will b 
essential for hiari well-being as well as 
I01 the presirvatoin of the natural 
ervironrment on which everylhing else 
depends In n rkm its 20th airnniversary, 
CIMMYr will cairy with it the goodwill of 
All of lhos. who have these Interests at 
hearl 
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Discussion 

D. Acker
 
United States Agency for International Development,
 
Washington, DC, USA 

On huhalf of US Agency for International 
Development Assistant Adrministrator 
Nvle Brady, I ,xpress congralulations to 
CIMMYI arid also sincere and deep 
regrtt that lie could riot you forhe with 

this nccasion 


To have ai presentation on maiie and 
whieat IoproverriUnrit )'y a Cotton breeder 
i.il (fiscussionr hy am aniral scientist is 
perhips ajrt iStlhtrlori of wide 
outcrossIlrig 

Dr Arnold has advanced much good 
food totthought. My contributior) will be 
lrgely to underline certain points irade 
and, lot Ihe.'purpose. of causing 
con lriued attention to certain areas, 
asking a few questions, 

Di. Arnold's peper suggests to noR, tle 
potential for a systerti of agroucological 
/ites, each clhal aterlz/ed ty soil and 
climate tiails aid of much value to 
research workers inidesigning their 
programs an ' testing their efforts, 
Progress in t is itffort writ depend on our 
collecting daia on we,)ther, disease arid 
pest occurrence, and soil and crop 
genotype respoinse, and fully utilizing 
tutlr in d past data Current data 
harmdig technology makes this feasible, 

It si : ,tlrbehrtptash'ted that productive 
agrlculture is one,' of tIhe best plotectors 
of the ervirorimret. An excellent iaize 
crop shelte!rs the soil, dim-inishes erosion 
by wind zand waler, (ontrihutes organic 
rIrattet aid, becaLse it car ieduce total 
are;a required for maize, may result in 
marginal lard rrnirting in grass 

Just as CIMMYF hiis played a key role it 
making triticale and high-lysine maize 
productve realities, the Center will also 
play a significant part in emerging antd 
future advances, by virtue of its scientific 
position and the lasting nature of its 
rnotives and support. 

The paper's cautionary but optimistic 
reference to genelic engineering reminds 
us that what we seek and what can be 
provided is additional genetic variability 
from which we cart draw. As to where 
we use genetic engineering, tissue 
cultuore, or othcr cornponents of what is 
called biotechnology (a terra with 
perhaps too wide a use), I suggest that 
we should not be quick to draw rigid 
Iules or policies. Not many years ago, 
university and research administrators 
ruled that no corrputing equiprlient could 
be purchased except for what was 
needed in a central computing facility. 
Those units that held a too-rigid policy 
too long failed to gain full advantage as 
mini-, micro-, and personal cormputing 
equipment, with linkages, developed. 
This may also be the case with 
equipment and techniques of genetic 
engineering. 

Policies and guidelines are appropriate, 
but they should be elaborated with a 
wide view to developments, needs, and 
growing capabilities of component units 
and evolving national research systems. 

Dr. Arnold's many examples illustrate 
that our development and selection tools 
are increasingly powerful and varied, and 
so there is potential to increasingly tailor 
jenotypes to rtacro- or miicro­
agroecological zones. Will the precision 
of our devices be sufficient? Will the 
strength of the national agricultural 
systems be suflicierit? Will the public or 
Drivale investment be sufficient? 

My commendation to Dr. Arnold for a 
thoughtful and thought-provoking paper, 
and my thanks for the privil ge of 
participating in this discussi.)n. 
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The Role of Germplasm Development 
in Increasing Maize Productivity 

D. Duviclk
 
Pioneer Hi-Bred International,
 
Johnstown, Iowa, USA
 
Presented by W. Kuhn
 
Pioneer Hi-Bred International,
 
Johnstown, Iowa, USA
 

I'd like to thnk the Center for allowing 
roe to he pr.srit Or] thiS auspICiOUS 
occasion It would he gratifyirg enough 
to (elebroto CIMMY r's 20th yuar by
rioting io orq]iJi/aiiunn's many 
cnrihrtl ors to thia;i cuiltLal 
de,velopmnrt of third VVoIld C(ouritri:,
But it is oill thfo ;i!appropriate tha)t wfi 
are rrirking th ttevent t)y looking ahead 
to ii larger role for the center's training 
progriri In ny jto rr(iorit, this activity is 
an essential coriplemerirt to CIMMYTls 
research efforts and alrnost certainly will 
muIt!ply the benefits of your efflots to 
rirprovo [.errilplasn. 

fI0/o W itA 1,'1)
7-h .P ill? (I~l /ly~lH-fl I 

ITCI(U, ;IN(1 /Ohl,' 

11t7 fl ( I f d l)l 

j)fIIlICj/, cti!f4, 

Con SI( A' I !,/0l(fT;'.l 

/)r)"'t 

/ ;/ I-l 

(of)Nf), 

'~ lop oofI t I I 
(ItVQ Itfj/ IO~l[ ll 

(I/' / ./ 
/ tj ; ,' ,synthetic 

IC1n Itn-)/ 

If you'll pen rilt flo, I'd like to, pursje tta 
thought ii bit furthr since rio (lernient !n 
this entire effort Ca;n tie effective 
standing alore Ir rul; of g(;rriplasi,
developureri i in(ihasing rriar/e 
prodictivity Cor he gJreatly unhaiced or 
dirrruiished hy s-;ocial, pohtical, culturaol,
and (nirornrri'it i :onsidefations. Dr. 
Schilh has already tIffressedf te 
tioteritial irrrjii;t of ria ional ard 
initerrnatilonal iulicies On hird World 
agricultural (Jovel(oprit(fll I ion't Warit to 
preempt any of tOr des rrlrrrgiishr;rJ 
slprokers whui o t( follow frie BIt as a 
foundation for iy tripi, I'd like to trace 
a bit of rc(t histrury for ota to illustrale 
the irltrdependric( ,f these diverse 
factors 

72 

Cultural/Social Interactions 
The trend line f)r US maize yields has 
increased continually since 1930 in 
contrast to the 30 years or so previously 
whenA ylSiJs rearnlne(ld viltually
 
olrifhariged (IDuvick, 
 1984a). Numerous 

nttidr.es have shown that the largest 
soriqle componert of those increases has 
heeri genetic irmprovemrts in the seed 
plaited hy farimers. Other studies have 
showri that the rate of gain attributable 
to improved genetics has been fairly 
constant. Increases rn on-farm yields, by
contrast, have not been so orderly, duie 
in large part to variations in the weather 
froth year to year 
Inl III( Ifl- 1950S, filai,:e( Yields in) thle US 
began.li a stee p upwaid (;lirri that[ 

corresponded wi thlie iicreasd use of 
curves ritrogen Iertilizefr. The twoyields arid nitrogen
 
r;orisumpthori are, in fact, almost
 
identical for the next years.hefore we 15 But assuarrie one -to one 
ret ationship between tiaize yields and 
nitrogen use, consider these additional 
points: plant tpopt,lations durirg that 
safn, Period lir0iost doubled, chemical 
hrerbicides be(Jai to rtoplace mechanical 
weed control, rr<ichiintry and equipment
hecarrie nore piJ(:ise and sophisticated; 
arid farmers began plarting their corn 
crops earlier in orc.t r to take fuller 
afvanliage of tire growing season. Most 
iriportari, a sleady slicc.ssiori of new 
hyhrids allowed farmers to exploit the 
potential of ihese rrianragemerit 
iinDiovemrents. Each generat;on ofnev 
hybrids had greater slability and more 
yiihldrig ability li n thf one hefore. 

Dutirg that siarrie period, other elements 
probably Iiflloniced tIhe slope of that 
curve as well. Certainly there were 
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,-conornic incentivos, for farmers as w-1l 

as their suppliers, to produce rror, jrain 

both put unil of land rea jrid in total 
Fhere was jlo th liri:ptiori that lhin 

Unitedt Status naJ a crtiN renal 
responfiiit
hy to I;t.d thf,rltof i? 
woild Ih(ese fators are; more difficult to 
tjanritifybt thy rni'Js!t e!t;lhl into 

accounl ir tiin(:Orprehesii plalnr ti 
1 fet;CI 0111tv1 liii '5!Ir Ii],,;igr iii tie:, 
df!'Velopnrll (of[ttiadReJ(ridJ
r:orl~rfl:,
 

I ifoiit)i' ;PwtlIr,.to ,dt',ild,, 

<inr!(:in~il/rric~in i i ,,t f ,Ii 

itffut thlh tqliJthi ,vil ,A
, iirliV)1t 


,.1ir( i'o li,': 


ptriliicvily i(itlJIhf H U), ltlhtr 

irf , i i ll kriilwhOdizpfit e
w'ui'l 

OIl sit 5i:r', HhuttlruiI i:,k youtri 
f itmhiier, iih-"lhotijhit (or fi in.rl 

irt 'oi n >1O11r.tivfl /f ioi ltoiiltii;iliir 

iI of :i I/Ii 1al rm,thll' : 1111)"t 

.[Tr irlfilfd J "','st'i-
IlriyIahilly t 

li(hacri to)lt} ihf)t)iirtiriitl' fOi~fuirthien 

'trmtiur,ti dituvloprrieht miith: fird 

.Viri i w(! 11 hi 1w' ';Ijcf ,Alfil 


Expectations for the 
Contribution of Improved 
Germplasn to Higher Yields 
()tht'
mirrfurrl, ho's aIirrie wc can 

isolate gerrilpi&ii from the othir 
cornpo)i:.ts iif iiproved produtivity arint 
e!xmiririt
it ';qpari;tly Whal isat 
rir:;tirlitlth forthe((xti:tritiIri 
conlritiulioi thi; i uieomlerit nlghti, 
riikir0 On( rilct:lrit rriarl'e iisltudy of tnoeres'' 

potlinated variety of 1930 vintage, the 
increase in yield provided by genetic 
improverrients averaged 92 kg/ha per 
yi(arrhis ise~quivalent to) 89% of the 
Ita yield (gain in Iowa for the saie 
period A s-;econrd (,errrirrit using sts 
(ifsirj -cross; di;illhs ;howefd a]yield 
gaiiinlbtjrtutble to erietli: ilrproivoients 
oif /3 kghi Ier year, or /1, ()f the total
'h c~rea('t;se 

The Components of 
Improved Germplasm 
I t, design of tiy own arid other 
'/.t rllorn;rts (Austin et Ml., 1980; 
(iislbory ! rl, 184, and Russell, 
1984) has shown that the increased
 

capaties of the rif;west hybrids 
an varieties, inruh.,t ion to those of older 
cultivars, are exhinited riotonly when 
other inputs are, ot)irrilal but also when 
f1rtilty, pw'sts, arid rVlionrrwirIall 
conditiorns are unfavorable. It'; true that 

theJ yield advantage (f rrfmdern hybrids is 
gripatest when potentials ;rim greltisl and 
tharit ther( S irad b.itwoufnr rJfiest- ahrdst tim a 
lowest-yieldrng gpenolypes grows snialler 
w; feridity arid olhur 1actors place (greater 
hiris on yield potelntial. But that should 
not b siirprislnrj if one re;ili/es that no 
known genotype c(an make grain with 
ze(ro inputs. Fh point istfiatthe higher 
yields of th. now hyhrids and varietlies 
aire due to their Improved( re;sistancu to 
enr/vironmental stresses and to disease 
arid Insect pests, rather than to simplo 
"'yield that ajre expressed only

Mrviruf!;ola (8wll ,,) showed that inder ile-l growing conditions.
 
h
t e riv fron optpi iolrnaled varietie(,s
 
to rrlewr i 1yhridsk ;ic:otiutA for t 97 of 
thi; yield gailn!, irC( 1930. OIlierrll;}(I 

ujr
orrl tureedil riitriVenrirt; ;Jddw 
;lillicin .l"wuris is soriiwhatl. ess 

thiari lityield aias ittit)litable to 
gerli(;t" iiprovi ril!; thal were 
iterrioni-tratel( In separate studies by 
[Jirvick (119811b)iind Rtusll (1974) 
Slrite I ai r iost i:orrf(irtahlk wilh Ih( 
rrethfidoloty is;(!d
itry sltuudis, Iwould 
like;tio miy risitr-;is uI (!xarrilhe of 
tlre tisprotenrtal avalilable! to 

Iitrials
conduticj hin lt/8 thioutfh 
1980 in Iowa on a s!ries if41 
rorrrriercial hybrids refleased at rileivals 

rom1934 to 19/8 iand one open-

Given the fact tha! motit new varieties 
arid hyhids are loughbr arnd rore stable, 
tiure ailerivironructs, than older 
varifties'i,
it'swseful to exarriri! tle
 
;ecific traits that plrovide this highel
 

yieldl potential Mize hybrids, in 
particlal, have received a good dea! of 
allention in fhis regard fror several 
experirlerlters (Castleberry ot al., 1984; 
Duvick, 1984b, Meghli et ,,, 1984; 
tRuhs<;ult,
1984)
 

Ihe; research reSuts; hive consistently
 
shriwlr that the Inew hyblrid are greatly 
Improved irroot stnqlh, inresistance 
to stalk rot fungi, inirusIlance to heat 
and irol(ht, Inability to tolorate 
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llr1CleUfjiatU IV(d Ofl itilfl;Un, wIi re porroitted to cite a swrqleof i 
resistance! to horopeari w:rri b~orer eXrrrTo[ from my', owil dompary's 
t0stooiniir/Is 511(1in) ililitV to inter national reseaircn pi oimmr, it wouid 
WIttlst~fldil it! dtllltli i ~ 1)(?tfi~j t 1151(imiilii in1011', fiirltl mosti stwccessn 
of (b ),Ise plijrltiril; it11W Ihl 51111 Of mlii/It uJritlsr I~ lovel)tirllvfllll 
theseO qf1010tie.wi (i ritt, thiwri, isi (5111 ffrli whit of5 1(tiily 

lritei~r~tllO, ;isit)ll tii; I s of our 
Strategies for itl.searfl pimimill 01 /15, from11 
Gerriijasm Im~provemnrt sItillors in Il~illy iih itllti 
Fhc (J(Oletic (:S)trflition~ to 

S il t l5 12 ., I c titfthw . Hi If i 111iSYo tid 'ii l) i illt ~ 
w f wldos as11ooM ijtri yw~tti ritiwiit llit irriiiitJil siavn o 

liwflrirt 5 lt(d 01,11,t ht rilifiof hi!il~to Swrt [ilsi) (-ttill I 1j 

loif tl~'r )r(~lliil lifrcs tltlfiiuiiolS (itiii iiill iiit oll nrito/ 
Flho )C ilsttiltllli il I ifv)tib'oru(lwiie' tl~ Iar(!iow iS, .;o m fi.;lp 

fO~liinr (ffil'Itort hfi ],Ittil lrloll i Oth llf 
Fiarst,iirl mflilof rlufIrtjil fo uistit lwtf ilh l, (Itiifi!rri itslo ita hi
 
LudI tOi~rt,I O fit trit;muht ofsjl the f ll t srriit viiul irloii t hIJ eiist
 

hitS1a,bt qfCllr h J illi t (In i o fit!slit ftltlr hh~thtsioflll tr w t 
Wls truly itid epii.lllV; ofhw liesti i0Siliiiit t o w e wfS 

itlithiknow ptrijfi wjc( t y rd .t~hl~u ;w tilrim m in ltil 

tuic Wiithtii;w iii Anijw h~ifot tit~ttpuitifi pothImirlri~i 

fohrse goo effortlaon to heiSoCef ofll 


(dtf!(] fflpl ~ i~mWaSd S UPA'o mlIllll i sllih nt nNothf Af~l(iti and
 
mi rly~~rit tsit Iikri qwwf onewihnaSesrtii
Seletiri out aqain, 

irnprnvr(J ar tiitr mlltllt55irlif Gtntic ive~iirsi11 tteifvtsty AtKe 
itrlt".ouf iltev;(ti wf;is po'uhias i Anfer ltlir uit whwfariis -otiuo 

rrtlrwrisflrtari in Ifirf tifji s
ord. Iie ofvtn(iltluirlasom115;caei 

E O-Ct(wItfr/ thiltrfltattr)( iijS tfiiCl itrl.Ot Of ahii(;f fill sahichf lyi bl~~ e s e vrall 
Sfiooe natoreill!irl f(fii yrid sI/Mgl' ditferltrt( lor~ttIl rvllrifl.rscuti ,ifivtri
 
nimfrui iiv~i~riritOw sriifllsity frAt,ltttiot oflti/tIwnjirisi;rri ism~ 
1rt(i~ri Il( thi llllltlfii l jhiiltlii/t 11wt rrlilt twslri l ~1w i f)iumcofs plL-lll 
on~ly i y,rrilir illrruit,,iriq Irltll; 1 )tmdef hltjnt rrlttlitrrw tlrrlfe ll iwe'lt 

riyirid hat)Id Il 
Burih tIlli, sophiimirfi ch oi 

niol(filrspfoqntrjlal:1'itllw tol. LJ3 frir ltllfjthu itlrlotitritriti 
mwoili I51 irl I i 0)1Iiw smwtliq a rmtiiiy riiilsvea 

SOfTfulIthMrity I f)Hrjiiier (CeItur' dtirff~lo iitrior lf iumis , ieilttstd S 
inewtiri(ew r d ' oiil i tirnifriron Liililt ufiveiity(h flirIs u riotstlre il nf 

seduclioris,in hybiiaronir tf~t fr~ country. lc!ol~l( 

74 

http:rvllrifl.rs


Ifn addition, there are tons of thousarlids Complernentary Specialization 
of experimental vafrities in various The last strategy for increasing the 
stages or ls tinrI Bfhirld lt is) are' proutttivity of rnitite, through germplasrn 
/rior -Hrrur;ry irrd sr;r;oitary hrn)rt IfIlrr()vrrrnt iS SOrrVIoliat IMor 

1)aSe(t c (JU;rtr ' pools. ltrlirately, of tetir A!, prhilostophical tharn instructiinal, t)tJt it is 

they all trace back to a rather smell am area- in whil:h we have dotne only a 
percertagle of thl. total availadl; ITmrl oterltely good jolh inlrwtIS Purhtaps 

-cs of ourof larti and will] rehativee; raiiiIZc you ca;. learn from rlstakes I 711 
HovWev(erf, Ceridorahi e 01(tcrOssinij ;ird spea;king of lhe; dete;irrririaitiorr (arid 
Irrtogi ori rave takenm piwr' ov(r te diseiplinel to SpeYCialie rtr wlat you do 
y;,as, torrrtrrjriid dialpt bttter tharn anyorieu else; ard, at the sameirt;J tertain 
tirti mrterials to US grfowirgI tlne, to help structure a systerrr in which 
co(ilitions 1lhis hrertrqrrg effolt h s th; work of one (jloul) complements and 
resrlteJ il thet inltoftiCtori of ;irnificaint spp(rt the work of olirers. Typically, 
lrliojrlt; o) e(tric div(erslty to US this Is mi evolutionary lirocess irnwhich
 
ri~te, Il r rarry n!;It; c(mi , ti ain orgariirn'- (xprtise, Its resotirce s,
 

iritrogirwssed (tfrTpr;rsrr sfl its heltp define fole.WorIiMrAti ajrt )eoplei; its 

adhlitioral frw; vi ;;e ,rtirrrt Wao Lrifortunatuly, threMe may tou ilrluctlance 
unkrrowrr or uraru ;pe;eter idt i ritw.v to focts the stin of ons'sttniirl(;s oiO 
dist!;]sft, Irlerit, or rnivnrrr ittil tirosf( actiVitiOS that woLJ(l c)rltribLuto to 
prtrhkni i;Hw;irt d It greate'st (JoorJ hut wInch rlight riot 

rec(;e ssarily he (rf tih greatest inrest 
I t)i rt,ri )tr, v'd'I i I t. w: r irwv viiiv, es
 

m t1i idrrtstrmith Irtrwrrg
 
of U - ,ritt 20 yran; al( ,it.1;: fIrt limi it or irrrds I/\/,It,,, ,. [tl l<r.:.,)), I I o/ b ?rcf­ln tait itiatriti 

wi( , ;.;t,rI ri i t )[(? It )( ) (C)r~tlq rrr s o I'/) troo'(Jr l (j(' of 

("tzil t I ro i htl; ,Il , l I'l t wft ,) ( /rt;l ltr fll ri )/to( f lin / ,/ ( Sptwe C ) 

rtitid cttJ in)mil )~i hwl~k ( ()v i(!f lioJ 

trlt rrst-rir;r(!of MIldvvw l iitrihrts, to i/flf il tt\ l i /0 lii,' 
Itnttr arrIdrtt th;ril to !;rr hIrfii.rr (jrrrw i{.j 

(rr itill But ti (Iori, th ! "hifl( r' irit 

rvrrt(i tor1wrf gittri hrrirfrt thhit th;m Ir ti US, for tirriple , wi are ist riuvv
 

hlorse! rtrrrvitirrg It trri;iri;i('teri,;tr ri t marte awaru of the arqe gaps iii
 
tin iollY :;uct(!tt our knowlrrdgo of hasir: biology and plant
 

physiology. This awakeriirrg," if yoL 
0Wirp(nrf r;rii-e, is nhatStrra trilirig will, is the restilt of the. rapid advancos 
tre rhrsit'' lri l inj eirgnila rrrade io rt)rior(r:hrilogy. WVefindpif r 
ratitrai l)10 7l ni Piiit ilrsorlir in II(!,(orrlr w hat po<sitioni will i) slvoHS(, Iroric 
rII(ilI,i iWiY h11t;f1t,tiilit rirtly ,11l0 tiv, rof tiig able tW rrorvi: limorhront oi(; 
rrrfulrftios; it we'riirrtrt atrltrllat; ;)~ to(t irr ort hut Wiit(ol t; 

Arddttitlt ltjir tot frlltttirrtrr \vliift oqrrrresto i 
,,A(Ji(tiially, thIr US r:)xfirrrit(:rs (ofrrritlolOr roritriruth tri whir'h trits. 
e.rriplistirsfi; thtsrlof(ft;b rl[rctrty )i 

pitirt dtr Tht is little ptufltoose ) to 
rrr; rirti w;s;i:i;illy it)lf rratoillr l affix tlarre for this siltatori BLt we 
Ipthll1lrrit1() lol( )tirrr)ird -h'lsrt should ask OurselIves who shrould have 
itiurt iOftrw iriiow;rIly (titinn timti orictiat )aste, iresearch: our 
rytirirts tirt/ii tvairitir;! at~til 

:trtrit(, c:i)rltirmiii I irdig here if ttirriptirrg 

~uiri' 
r fvir i tlt ; for t 'ginreti crlheges and)irrIvrersilio;? hIr11trt vll ; ii 

ht toverritrirt Or rrivate inJistry? Maybeve sity ittritethin ssitrlv 't~fil thinrieht thn; iiHhrr (crit.Orwasing; 


its atly ir r ;irgrii/to d basis for statility of 
)erhfllps grant rorry was; (liy ivailable

poiloitarrtet in Ithefiar;oft disease ai d to ftirrdithie,turf i ditct-orrrteot 
insect p(;sl, whi;h art) constantly researchr. Fh 1ointIs,;, it ditrit get tho 
c:harrlirig
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emphasis itshould lhalve rece(ivud The 
price of that nerjlet willbe a slowij in 
the rate of qeruplisri improvri;r1ct 

the problen 'eaIroe c(piifunici 1( today 
mijht hai,( I;eiri hy oitterivoid( 


COfTIrTI 


performance traits but also greater 
ntenetic diversity when they are 
introgress d into locally adapted 
rTiatilal~s.
In those icatioril programs

that ,ire reidy to irtilhebreeding material 
r the Cernter'- cw irihreit
 

IICrcIrHst
rir ic(;o l)(!rtrtiriricirru(rton (ivdioprriir pro(qrmmirtW,irii)iit wOUld
 
the ur(Jcin/cilicir.- ,%whosf.!ijitirlt 
respocinsiility Is to 1t)r[iI riprcvi tii/lyr,"
 
,iandvcrci i)ferrnwr ; ItV,.cilf 
 rot 
fI vf, beeurn in t ej,tiiricct c t:rutctc)fllr to) 
b(cirust i)l c: dIntonil hlucclc 
cor ider it iriv, I illiujdt too c)irlhici 1til i 
v.,(?
iiidkiiio iivr ,
i ,. c, rit', 
I wi;w(ACItht" iic)i I utuiicj l, 
Ccrldrcrjfcca tillI,, t ituPcr!c(I'miIii i 

Ow i S'lw)tii tiSe tii i.'ifiit',: 
eec )IJfrel, ridtw [)(o )he1() iaryitci 


ut 'votil lhiv l fia(J
rssurtlued t 


----------------------....... 
 .. 


r~t,(](jtl[)(
(h (
t f ((,'/ 1 2)'. W)I o(,+/l .i[1( 

'''/.'i9 I () /it,'- w/ft i,tj /1 ()I (?c'/f(,, , t 

ren/ nw,''cC-1l/, 
h(',/l)wf to 1/(' '.I/(1',h'17,15 I ) (,'I (9/O)'5. 

i(] " Irb)u to ) 

....... .
 

The Role of CIMMYT 
fhcs., the , ir tfii ptim ll' strctc(pji.s I 
siricfu(octtiriiiinu th(!coritilbiutiort
1 of 

Improvedi qicrriiplasri to ti irncreasedt 

prortuctivlty of rriau/e Ircthe developirg
cotrtries of the world Irecogirze that 
oen ityou aer(,(d coimpletely with those 

Sic(iqesjOionri
to irIiliii(F.nri would
thrr 

involve a goodi diall rio( thian s;im1ply 
('coristritilrl) thu( lwcc ""illy frlricitwork 
and estahlsiq III( ricqiarriv;. ButltI also 

know thal we mus! ivfr afieclu, ;ail I 
s! a unique role oiiCIMMY1 i as a 
catalyst inf iat prircee5s. Iwill he hrief it) 
lilysurnirrliay of those oppo tutilties alil 
perhaps riy reconircriiatirns will 
t)rovirte Dr. Spranuo, wifi lhi elements 
ri.(;we;sc y li u1vfo 1csc;intOlu 

First, tI ricl;rii r ciuii;otjci; 
rlaintainleA by CIvMYI ccri ardld, I 
belirvu, will )e(ricst wildcty lJeed if they
ari ade(Jqritlcly charct:etitero-[ frey will 
icotrihute not only Improved 
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IN ivi!1Ifree#ti
fr
 

,-(.:(icl(.MMY, a r
u< d,If(ic(l,
tuLIt 
(.u)ritiriti; to (eiv( e.ua corci tlult for 

friec'Ind ciruricstru:tecd flow of o;rrriplasn
 
t ctwec(ru tih( dtivhflo)p(ci ;1rcJ the
 
t veloir)lc olifilrut
,ilW :(hive ihlieildy 
I )cIur ti ti (orw;c, twoicr ,wc;of 
' !icrctsu; eiitioril,rri" ti 1 c;i) ofti 


(:()ffi;V e:trlri cliOtrillto hfiaHperi 
to the l(fool ;world',; rueuij(i a:rnte 

ird,drid f~finalry, CIMM' I hoaVa ruLtIuO 
opp)ortirty arco iddiitly to lItiit(te(thtIr
 
mi fiste C(ciiiTiiiiitPHicrti(ir iinlirnl tii
 
divesrs riatlcrial[ priqmtiauiis lor Iri
 

vficqliii ulcpthe (-te(l ccftr;icotrtrcis, to tacrutheirllfsite ,qH(J (c(ItJC;lt h(ll
 

1
icihuijrs, t1rheicllp lfi
reiriv fiurc
 

and
the lotic;te cic)cl ittcticr.e- that
 
w illiru.,ircily 1w O i i tnihflu cliicct nIr) i 

tihuS:, whoi vciidiitovelfIce 
 oroItraris
 
(iolw;rd
 

It will hio! i iiOr ich itffIt 'itl rt(oUrc 
t)itiwruce, picr;ivomcrocr
, coocperltion, inch
 
tnrill,the (Imrs vo!! sit for yourselves.
III 


It cvll aJlso ecltriretIlm suppotll of the rest
 
of i(worl c's aiitucultiJljal cormmunlty
 
And if thu, atterlalnce this 201h
 
ailillVersary ceuidblalion is,
any indication,
 
you shall have it
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Discussion 
E.W. Spr Hmfll, Gooria, USA 

Dr. Duvick hle; ';ovweir mimy ituresting 
and thought provoking points irnhis 
paput Hfe fogtrls hy puitlrlri tfw role of 
gorrnphlas, in pi.p)(:;tvu -rmid.Lstthe. 
variows facto's ,itfroct rorl(irh, Irh:tt the 
crop ywikd ;rr .stiri fji -llof w; 
would ;o(jro !Iliti; fvi'r; 

riecesyito j rmdiltrdriplirwijrr, ~ 
to arraly/u ;irid wvork rr the? [;ut ;'ii 
of icr A;t piwt:irvily ()f tr :, iiir 
relative irripoftirrr:. of ;tr(, iirf' 
be questiorii d cirn r:(iliJ L;uiipr,,,l!f 

for a lon rji(tsri 

,Ii 


frii)|rVeJi (.;err'itrsrI 
I'm1 skJo! VVl" W O[lld 'l!f;o;;(lJ th(It

furm pl.;r n I t oir i, gree tr 


certainly worthy of discussion. 
Furtherrmore, as part of a discussion on 
qiat..ies for (tel rii sr)lrniimnproverorent, 
Wet ntivet rotl follet.'it oi hfighly 
iirinrihtilals ltimst ti! pioiticed in 
rrIrr,. ti; rthtilws lre)fI he of (io(rif 

(1fily 

fn(.!i.:CDivcisitv 
IrrI mii t1wir Ii drs(-rssor) couldSi (to;rl 
ts sirirltrieity(( l lf W ', IHi which 
(trrihti lvfv;ily c(titli(f m)r; !fhI(nirntfyno;t 
tiridOlffrrivl\, hoituiiordrl
riid
 

illritar f V1' th(
l Ius ril;tlVf! 

slrability oif fhiesystern of pools arid
 

p(r)fJ/Jtrl()W/ liibteis(Jlir
V(erSu 

(' it !()loqmq, arid ,torim j in[hwds, ()f ii 
:()rttilrfiiir,
oif(!;Ih ?
 

ir cfint1e est;ih rfi;r r iwrr;rr; t(JvI(!I(It;,
anid thafl'111Owt irlifl~y liiwtolr-; Irnflurw+wiml ()ir , l w trrihod o~(!]t/wtl olhf( "(1(.'r/.Iel 


yield irimi(: ,iinkrrI mi(flt(u mlip I)fro(r:f dvr:;;ity ri:i:rrt,titf iinofrsr i:fi;;rly in thr 
necossary in amy l(,ii plait rrrVrov(trrei prpor i!;t1w rriirvrtirli t (orimes fromi 

program Itwouftrll h it;irltiqr to [risri orm; sp.(i;s to rriothtr, refhIe possile 
rrifor[airttfIhf, ftlitiv Iifiri(A f 100iio by rc(oil ridvrrr :TirNot:chnology
strurtlh, ;U;ll frijt ,jrid With re;gard to our titnderstaritirug of androt i';i!jtnir;i, 

drought toh;rrrw;, ; rjit viioJ-, otlIi abIilityto
0ttll/u ;rJ(l teef1iiirrs, IWoUld
 
fat.lors our yld 
and aJdjptaltior ' 

rrpotiiirdr, yiltI ;tahhility,prhi;ms riothr 
Dvick has hi( 

a; hirm on the LJS is ,i. 
I wrould agree tha an 

t.~JWsfo1 
urodtrstaridrug of crrrpien rritary 
reseiofit i.s,rrucissiry foran apuroriatty 

Improving Gleffn lasn nt tirmurilyiripl,,rniriatioti of itifferoril 
Willi regard to sttogr;, for(jirrplaisri trtctiriicires,e it i!;trtu that ordotv 
improverrint, Ih;urlivo allpfarit breedevrs .wewill rioohhly errploy rariy forms of 
accept that charatrcteriing the rJerrnplasrri ti. nrew idvarces int)iotechnology to a 
is osserilial to ar;hie\ e iry !fo;jlCIMMY I itrlat irxlrit tr th dovolopmrnt of 
has boen rhiar:eriiirh arid refinir rodJUctrve rurplasu;Htr[fesei(: 10 
gerrnplasm coitrouoslfy ;ie;pait of its ;i(frir+ve;erid i,;
this; of irrprrtance. 
responsibility Ihwvr, it miglit fr Nivrfils, I wrould suglest thaisuch 
art.ljid that tono !se!vor.fi ; trr;rrctirrr/rriirrrti;rhuil(]lie;m nut rot willhe)(if)the 

a Ieuirr titwtoo early iin mif i- ,ri,:futfiri: v.,e;jke;t firt of run 
devloprilnit irifMiri ni;lridIrusit Illthti ;yt;i!rnT dfevf;ro ritof ror;rritithisr 

efirnination of f)tert11ially very rJ';e!tLJI 
(jermplasrrI ffiri4(.iriit rriinjfittter [hiotugh its rtlite of geriplasrr 
that cfhlactol/airrlrl li)tc(rtIm flrto;, (frdi.ldfiri ;int rilerriatioral tetinfq of 

oufh as for uoirnihrirnig ifitity, V\toiii iriitlorale;, certarly is,.;pn(,ifrr: CIMMYt 
siouldi not hloirrihplirirlrd until tfr,tJlr iniriarly rrlaim,cnl geretic'.;se;, 
stages of an iriprovirnirl i roiarrn A divee.ity air- rodutirig vufnerahility to 
was noted, CIMMY1 I,; pusts at the ratin;irl, regiorma!, arid ilobalinvolved In tfw; 
slage of developrmrrt lhi; point ; I(,vols 
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twro ,rldI, h.ilt itu;jI yil r[; s1(ti Yield and Yield Potential 
ft; ,)ij l;alru 	 fciwlheat cro)'iiii llit:; :it( i l ti' si to [lti yield is determined
 

I.;llm ,l 'I', lj :-;t lIi i(' rim al,genetic,
'O 'i lojir,(,fli 1() hy rimany faI(tor, vir ntr 
howi k cljlilvit t sii)(:to ni: potential [lay,hitw hii ,irii (.forlor Yild 

ohthli r()l t Me,5 is ot !t vh(:,i (Xirn)htri, 1wedffinid tie ylied )ICuItIV 

'iS ,hiff14;(l;) S-tfir !IVIIri) fitim ! tihi1tfiri(pt irn(tiiViil( 1(me-it whicth it is
 t) 

'ol Ow- (.i iI Ii .,' ,ir ll(fl ii w ho.mnfu l'tf s arid water tire 
1 "tjltll m 


vvt(tO .',lm( ,loirw rid (o tl 

1)[) iJ ))hltllon 	 noihlm itl w i wlltri )ost. dis as(s, 

, !;tw(ss-;os';,l,
 

,;,,S;l t ,i , 'I i lv orilloldits bSt l fi 'A('Vi ti f it:,tlv(i p !'w ill fi any 
f' 'fi, ,m , 1(),r( 	 sitiiitrlOps I1if, ' ii I lh i iittiI .i 	 it)W h: vil(Iot()7i ) y 

iiif;i\ (;f, t'i 	 hf; tion)m l ),isr f", iitmifinOl litzi 
11,wfoihoi ttt ,' lt i(t'ftf (tt to ry1 t;l;NNEi )ilt. uly 

5'v If, ii, l' '-ret iMnrllly d ot sir Inpotin,,, f iif.- t(I( f ,tit y iii, onl yetr;;lt, No 
; ',)h .i ifrl)r ; In rlhl)l t ornipo (erof 

i) it1 fl s/o (ot's th evIw prodi (tilol,
lihl t httf 11r.! 11 \ ( ) i'rt !rr 	h llt ll (dI yildl p(owii( ,+ \vh() 11lll )Iitlio , ,,HJ;Il ,'s tJflw(
 

;(lm o wtri t :ltii % !r liitjiVi m) :or , i l t lvey's (19 78 )
 
Irl [ , fvIii'fm pll tw; (IS m;iiys;,tei e ; xiiiIf ; i l C e h s ( p
, 

l ihl f tiw in ' iwii' hist ir ilt:contrib-we h[i hy I.$rit(
t'l f ikrffift11t jtlki 

i,(ite' t flam litl f ) ,'O 	 ywi 1(itect) v, ha1tilri ()i[w l' h ti hf ;ll the i British w 
w tih trii ' (V h , ivi:I iJif .(I i. i ,' yitiiis inf(C t 'i iifq Irit,sila rI 
mmfi miti; id;i i! fiv'i ( iii!,ii t t:)fiI(iilt carl h hiwmr) irom tiheyieldsu;IO 

Jrid ,lw(J1 ptih!r~i o)f faw /o c:lops-illthe 

I , ii 'i 'i(I -jthtit t Aj;fi,ftrj rl, 
r~I l tsr ridh '/ttrri yi., tir i)rl t(!riter tkr 
ohi~lmfwdl n(lts hi i yurel)( rat tP(Ji)0vJt',;( i lrm l t rv rp]( tage of 
ul~~ rliow: i llhr rl ! historyi, to r i ltV,'I r lwe lld/In r(fl stih 

i lituitlller 'jl 1 f)pitielhd t flOifts fiHm the aifilth i; wrr tledds 
( i fvi sutvCIJi A-tli ;!ioii ("s thiy to )trlottafilowr ­,: vith rrtii(h r w)sir o s
 

''it r t i vt i l v 	 nii, , mi I fi s / . I(fOr i Vim th pairied his 
rtr;r;olrit i;iwir rd ' yimwi yeis ago!ifrwti, (:(itidrdjLt!;l htmire 

wVt16 IOw vi0lt ;tr 1 (ir I lhfli in,t9 p" rt."who tou.ght yi Id i it lsl,1h Mimiiit"f .
 
thi.'..' iitirfr h;f.v.1,wMy (i)rll(Jrl h/8hrr voiced
a , , 	 it tvi flov[iv(ttl 

+ ,ill 	 ++ ';t llola t (!myta whollgh 5 s 1;11("[ tihe 

liiVi.iiWei it yit r itr himew syhofrt 

r'rIt wO, flitill it th i()tir r tit/r,itn l i it ly y !ifi later still
rtr,rtrpit;; i y 

;,lV I 1 ) i I;'. + Il the U~nitedt'''-,):i!H lt ,! not OwI( thl('lVe+l(lw Mw i t yield 
'p-+ hil i tijm ri)Pii',l (11()niil tIhy. Ktin]orom wns mown tharn twicet.a'shigh 

!l0; r,,,d It1)' !;() V lmwho'll tOw 	 i G that wolldh i ri 19,0 ) ,1o; irinthe 

dJI, b()f Corrlm mori A! ictolttli) w 	 at I 155I l,tvti Ow): 	 wi d ho ityl J:;rl(d.

+<orw, 1lli w% , , HilII i lchod(by ,lPl"wh',h'4),1', /l [' 1il) 	 lohr-(ttw,of Vicdworth, 
tit , It 1~ li,lv,lfqkw&u~ Sol;(, IhH~t:[rill d in 1982 Y'!t botlh Jefrlsen 
thwl(,,md wht,! :v', CIMMYI (I ]/) arid Atistin ( 19 /8) werelhm /M 

i
fiIt I,; r the iiI(ri(I vitmw in I hlii,(IiHirin 	p)(.s,1imIStlCdhout t tlhof MncIL0,1SOS Irll 

olwxl,;r viidtj lJ(Itmli It this iafllnvo Ismly 	 ywuld p~otential, Auistin's tCallti Ustiflldto 
hltiong1 1..4 to 12,9 t/ha for wirnter wheat 
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in Britain. However, ilerw is ro sign yet 
of an alfr)oachin yiIld ilateau in eitherthe UK or USA, arid tte gmin from 
hybrid wheat amd other artvimcwe rave 
yet to he! exthiltei t'lrhuiiry iesirlr,
with hybrid wthiat.s for ex;impi, irde tie 

it the.i po hteitial y Id ( aIr , (it 10 to 
-- Mcfae, 1985,, G it 'iteil., I h 

Birgh,irrr 1986) Befirr c;idle rirni 
iive(riort[ ftir iiiit ( Vi iiri t, W O/Ire lii 
i d ; i ; ti vi,v n t 11w yiil()I 

q);lm;s ;j(;rlw(?id :,]fal
 

*I': ii"' /.. i/ i -

The defiritrio of yield potential given 
above iidilat'; hew it (,an e slinated 
fy triali,tiwich th 
 ror; are amply 


watrini npprfer, rirld
fetili'd, 


Wtle(:ted, hnrt , io t ilrrdna 5i t i Ia 

as!ISeSHnitri in)I etitnir
tin; ciitvalr, 


OrH (i?(xrirnii/ 
Aitih ii,i i'itir 

whit varn ' (Atsir al &/, t)HO)
Irt(lilnditth,it yl!ieti tiri;te tir hlrj 1b(.en 

raisedl ty ,rl '1 !t, inr, /01 yie rs

.sinc(; I.Itle J),; wiv:, r .ihr'W ,id Iha 

thI Itlite of uJ',r) i(n rn) ';iltls of 
d(ellllrt t or:t rstirrat!; (;in tw 
oili)aid vilh Irl (: WistiniatiS nrld 

fy ;irnannys 0 wmh r wtiwlat trials 
conrlfhicted hy thw ilti(iinal t ,noIris-li 

A/piCittiIJh t iIJ lhel;et i 
lt(nadtvarit gir th; iji(:tivli !; 
coreniri'd uilidJ!rtIh! rimi irml 

i t h) hinvoV., 

c l)rldilt();l(orWhich Ilhwy w(w brwd, :)!the; (Jsadtva ilrtl Ifi tht fry rmray 
overles ttlal ( proqf( '-;s if Ire, urit.(fgori(f 
standardt virietly hc;lrls t t aifll its 
re,;isiricir to dliserase But the rostelts 
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were (ltlte comparable with the more 
direct measirements of yield potential,giving ouly a s;lightly higher rate of 
advavr(e, i!; maery ho seen ii1Figore 1. 

f xpirinni rtl; hy fi;H:t aid Wall (1976) 
arid \M i( lririyr it a/ . (1986) indicale a 

;( o mpiarahl(,y rte of irni)roverni nt in them 
yieldl potertial of CIMMYI Ires of bread 
W h) lt (f- r(;r 1), ar d ri orIr spectacular 

Het"Iatvo yld(pot(' rltal 

2.1­
.Winter wheat, U.K.
 

-,Winterwheat, New York 
1.9- uSpring wheat, CIMM(T 

.. Spring wheat, U.K. 9Lj 

-Dururn w heat, CIM M YT 

1.7 

1.3­

1.1-il 

1 I I 

1930 40 50 6 70 80 

Year of release 

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

rcu Au/stin 0 t/ (tt O) for wihi r wh al; in 
rthf K, Na ional htv hiiiitini A rrloctll tiat Botany 
ilil!; 1 imd s;imrii Mwe l ullivarsfor tii witier 
"' the LJK (I virns, 1980K)..hcn.ori (19//8) for 

ii Winhter ts irnNew York stare, W;itdliuit n tatI (1986) for CIMMYI !;prnr whal:;, 1983-84 
!;ean;on, arndWaddilr on / 1it198 /) tor 
CIMMYI ilturnin wheah, 1983 4 :! a.;en 



improvement is evident in the 
experiments with CIMMYT lines of 
dtHumo wheat (Le;ihrne arid Ortiz, 1978; 
Wrddington ot a , 1987), isalso inthe 
NIAB trial results fur British spiring 
wheats, lhlative increases have huer 
more modest for whe;it cultivars in New 
York State (Jensen, 1978) and Sweden 
(MacKey, 19/9), hut 1te ahsolute1 yield 

Yield of tlfaro or biornss Itthal 

18 
-


16. 
 'A 

- 0- ~ 
14 . 

14-


J 
12-


o OMWinter wheat, U.K. 

10- 0 Winter wheat, New York 

Oe Spring wheat, CIMMYT
 

-
8- A A Durum wheat,'CIMMYT / 

-


6 ­ " 

T .point 

2 

- , 

1930 40 50 60 70 80 

Year of releaso 

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

Soine. A ;nIri t i (11901 forwirirul wproport,iroitonUK, ihow*n Ii /i)IOl wirier when:ll;, New "Yrrk 
lan, Weiwn (19t) ir I1wtinfi r NIMMY o 

sponq
s;rtun vwhecilt,di io 1983;841' ;sr and Wddr1iTq,rH986t nIMntt 1e';ii eoru V rurIer 
ef rlI11ti/) fhr CIMMY1 ( Itrl;, I9H3 8',1 
e;t~a.sernI 

levels should also e taken into aCcount 
in corrparirig Iho;, clant imprevernent 
pIOIrrIs, as is donP In Figure 2,
hec,iuse tIre faste;t rates of iriprvemnrit 
in relative yield pt ntl are for such 
crops dis (duilJiri wfII atat CIMMY 1 or 
spring wheart in It UK whrc iritialin(! 

yield levols wort lowtr 

lOto that the aisolu0 rat( at inc ease in 
yie-,ld potential over th. ast 10 to 15 
ye,irs has her sirnilar for UK winter 

wheat ardr for CIMMYE song wheats 
arid dJtr I vl oatS, arid 'JUC greater for 
th hiead Nhoats thain in earlier years. 
By :ontrast, ;veiage yields in the UK and 
In th10 YagrI Valley Of M!XICO rave 
divergod sUbstanhraly over the last 10 
years, as shown in Fz; ,e 3. Comparison 
of Figures 2 and 2 indi. it .s that 
wheias the gilp between potential and
 
average ,ield firs narrowed in the UK,
has widened in the YaguJI Valley, 

it 

presuniably reflecting soCiorCOoniomic 

inputs arnd intensive the tie UKpolices anod favoabhe,aul[rorieryto usein of 

tar in thle YanitH VJiley. 

rirs corrIpaeon allow!; ritr to make the 
t rat actual cr,,),lr0s depend so 

riruchi on the irrtoracthor botween 
genotype and the levl )fagroromic 
sup)oi 

meaningfol to divide thfe credit for yield

Increases hetwr(;n Irreeders and
 

• for tIhe crop that it is not really 

agrIonomists as 9ftheir conrinbutions were 
independent of Onr anolher. They are 
not, but before discussing this further, let 
us consider one rnore case, namely
whteai in thir USA Figure 1 illustrates the 
suhstardial (2 -fold)tise . I the average
yield 'iid the late 1940,. Ihe beqlnng 
Ofi Ii( rroir :oincidted withe ie1ress 
rr, ilrto ictiorn of stroitei ciltivirs, 
which hsvu tcrgely hiewl r;placed over 
the last 10 to I 5 yeiars by senridwarf 
varieties As Dalrymplu (1986) has 
shown, thI ris;inwheat yielrd has 

clIosrly fo'o(d 1ie :urve for the
of ;area sown to short arid 

seridwarf Curltivars, but it follows just as 
;o1 ytl; l( l h )[)~ l(llclosely the riser iii tlhi proportruen of 
wheat crops to which fertilizers are 

lapplierd, as inlay fhresrm(!n from Figure 4. 
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6 

Clearly, it is not oasy to disentangle twe 
contributions of breding and agronomy 
to rising wheat yields. eorshould we try 
too hard io do so, beyond discerniig 
where the rIajor hlIriLtioris ie, because 
it is lhnr interaction which i,;i;rici~il to 
iuidiur inc(rases, not only af yield hut 
also of yield potenlial 

Tiiat varilil iriiprov(:rnrit ericotragirs 

the greater uSU of uts tr trottIert, 

agronomy is well known, arid Figture 4 

could be interpreteid in I ht light But it is 
eJually true10Iht advances oI (rotluriy 
open up new opportunilies lor hreedunj 
The best kn)wn eiirrnple is the advenl of 
cih(eaper rritrogiioir;s lrrlili/ors, which 
created a reed for ,shorter cur ouls Irss 

Grain yied It/ha) 

8­

* United Kingdom 

7- 0 Yaqui Valley, Mexico
 

5-


5 

2- 0, 0 
0 

prone to lodging, while the development 
of more effective herbicides made this 
chang(e possible. Better herbicides and 
rachinery forlaster tillage also made 
mn! lirriely cultivation aid himpes in 
(rop sch(d rlto possibl( As ai result, 
wintrer wheat crops inttle /1K imy now 
he sown i rrorith of nn or (i,l i, 

ohf nln,g ui o)f)lortUnlhries for c(,ioeasud 
yield, particd;arly after varethes have 
been bred to take alvwrituige of Ihis 
change (Binghailof a/.' 1985) 

But there uSalso a fIil)rsLut[Ile 
inteurdetl n(rficir ltlwe(ri plit breeding 
anid agrlornory wli(h should be,better 
understood, b(cause It hls important 
Implications As we shall see later, the 

0 

EEC 0 

,0 0 -O0 000 0o °

00 0 

00 o0 


I1I I I I I 

1950 55 60 65 70 75 80 85 

Yfar of hirw st 

Figure 3.Wheat yields in the UK (solid symbols, FAO statistics) and Yaqui Valley,
Mexico (open symbols, Secretaria de Agricultura y Ganadsria). 
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increase in the yied [letlil of wheat cultivais nay not perform we! under 
has been achiev(d witlioLt an inrlese ;idverse,'conditions, and why cross-overs 
in the rates ci utrvvti (r it)yield [etorrrimnc;may he found.0)h(hnsorwl;'i:;,Z 

nitdwithmit nmii:hiJlwrpi inl(irils";
 

f;(.L,2) C ,,irl 
 h )(0i tlh :irlso 

(;()irl in lw of 


( y it h ii!;ii to irIt fqriirw riaker, it 
frrm ckiaritiwc ilatin inportari t 101 cimtrlrs ikeCIMMYT to
 

that hinrcin'; :ri Oiwii oi iriaiiiia troill! irr aid lively
fli V lltc; (r(iaJi tn 

Of the X;lt h;rt iteractin hitvveri nlamt hre(ding and
, ',&il; puirtrtd nut hv 

var Dihip'lr 1 1962) Hill rntl(:iiii ;ltrn)nnOiiIY (ju1rs III yietd
Iffnrthf 

;iflh)c,)r :h)lthe ;(I vih (A i ()Ii, )ohtit a are to 1iw S-;t.it (. the dictum
 
stitrIl);i ' ';i (i r wvw ie b tjt ijd ,iirie'' shotiild be
.f;,i tP ,"Ne 

hi 1() rt i: : ''ic1 it rtis; with tx lid d with "iinr tiy t)hwtdlirialone." 

vv 'it: i 'ii iyiV li i lJestsf 'il 
6 -- finItiOw ihiility to slvivi, VWitlitht;hi;:k:liinit let ai-;turn to five 
' ' I i ut<uitlli'rl-.;ss.5 areas of o furItcriuiu(,sruItpiutmiity the
 

, ' ifjr(uiillofi of ywild pt( t hrli ie
It r : cirtirulO lt wr t,iriuflwly: 

Iffiiti)',) ( ;Irlij'u iii rluin tre ii;cltihli' 0 (3Imr)vh urill rjihh Jtsyiti;'.s; 
iii': 11,ilt ih ':iiti &ii'tj !ri;i)h t h [ittilrfrri t () t : rut)O hJctiv; ich. ;

uniltuvir'; i:tii rnu(hIIvi!S t;in II1 111 0 ,hi f)t;Iii t(tlii
wvith ;I ) i ; r 

h u f , i't * htstol ut(iiy'iulcstor : ,-mi(t
It'; 'I';' r eserV(, 

thwit!nhj' q c
fw( Irl r-siiIutu', liltrtjahtrn 'luiu lffltunitull '("i;piii/i}s
 
HIi\'u Stiiiii II III lit: (1r;iirl, hightlI ; il\/st
 
iiit 't l, 
 I L"I ] (J(Ii so W( 

i)(eictsiuni whV' lxer! 


lrdq-ti'r ywi+iit teoturitil! haiI it ng e s-Jlii ld irrrrHiber 
ml in n. tiufi to th;t the Yield Of a (3rap isthe integrated
 

.'-;tOlhcltrirtl o;!t iti c r l:i(ris, htutit end )roCJJCt of niaiytpoc(esm('s There is
 
{ih;l! <)l( l ',.vhy ';m)!+'lilli v(Ac no(sinf h, ke,y to Ir :It ,1 ttse+J d otentia l, 

VNhu ",I'dutIt/mu oo ,Aiea in s.<-ho vr ir tiest(O ) ofi<- il itJw iuift(0 

C.-
 0,)Artj fertili/d (A) 
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Figure 4. Wheat yields in the USA in relation to changes in the proportion of area 
under short or somidwarf cultivars. 

diiirniir'tjr tititut [),itrynrt li 1H )) v''i),th d of (mi tiwii! iI n whrti, ditijmtinl iltu nl
 
- i:ttl/iiifruirih h;: yliirh/' Of A(truClC ) r uti,, I 'iii
lJ'3( iusurin, taInltul;( 
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no touchstone, arid each characteristic 
interacts not only with the ernvirorITenl 
but also with the rest of the gternuine. 

Growth and Photo.synthesis 
Plant breedels often find it hlarld to 
believe physiologists when they ass, I 
that growth rate has riro, so far, hen 
improved I,'se((ction, b((CiU'n th161 
eys; rnay tell thrr ortherwise. Bt a 
slightly emilie,- siart ahfte sowing ofr a 
larger embryo i Nthe seed can result in 
substantially bigg.e+r plants iahy (r;eat 
tim,, ard periodic ii:rvests are nelrd(id 
to (jeciue the isstu Relative growth ato 
1(3GF), the logaritiriic rates of inicr;se, 
r.S be? COrMparr llts h[eo salono)N p01 of 

si.'ze When this has heri (dori vwtli 
wheat, tho, R va.lues ire r naik,, 
similar witethir ,,Viwsor ciulivait, I,pl(,(Jid 
or hex:.aplola, tilll or (h'virf, or 
hurnolygouis on hyluril+ Iln.:II; 
comparedl (vms indrl{I))nstorie, 19/0 
;afndun)Lrsir, , [-ivari airld Nish, 
1987) 

Crop growth rates (CGR) ire very 
srisilvi to I t 1r0rlrioI,,r985a) 
and thi'fe hri ! ni,!ur vv( rfrarisons 
iross genotlype; n CGR is lillhe 
affected by sta-ture lWI-irir o; il 1981, 
but may be (greater i) i ultrv;irs with rlof 
inclined leaves (Grteiri, 191/) BIomass 
at inaneJty 'ias beniu e frelierity 
measuied. Austin el a/ (1982) found no 
consistnt diffetregc in filnal brOiass 
between ti, various geifies ]and ploidy 
levels in whoal, adriJ comparisons of old 
and modern cultivars by van Dofbbn 
(19621, Austin ot J/ ( 980), Deckrrd .t 
al. (I 9851, and Kildshrrosthil aid Jairi 
(19321 reuvalhd rrireiiisiire in hiorriiss 
as yield poterial hais risen (1.1,i Friinrr 
21. Waddington ot ,l (19861 fhril thal 
thuree of the higlhst yilIding :t 
CIMMYI wheats hiad gre;aterh;rrbrrss 
and hrigf ,p imm]arrl rhits of biorrass 
a(:iWNRilrtlon, bUt lheSr tlireer C:ihailrS 

lor1jwst tni:ti 


)robjably ex)eriri.rl(; 


,lso lad tlir! rititlrty',rrl 


hilgher averag( 
lernperituies arir a ijrrater )rop))rt no f 
the life :yc( with c losecl r:arrupy Ir(
cOrpairMoir of CIMvYf rtirumi wheats of 
differlrig vinlage also idirc;ate( greater 
biornass in some recerlt coltivars 
(Waddirgto ot al., 1987, cf. Figure 2), 

but in this case longer duration is not th 
explanation. However, these results are 
not necessarily iri conflict with the 
conclusion thatimaxrjru growth rates 
have ithebeer iriceiu,,msed. It may simply 
b that ther isHre10 1ah0 growth, as 
seems to occur with lhe longer 'sty
gh.ri'et rofirodiri mlaile hybids, with 
hiql, biorr'ihss barlhys, and with some 
vvheats with lax leaves (Green, 1987). 

Growth late depunds or the balance 
heItween gfgains rom photosynthesis and 
losses freri respiration These latter can 
hw i major adraion on( the canopy has 
O;brmd mid we stilt know far lo) little 
aiheut possIble vrietal diffternces in the 

(ffiCr'wy and Coupling of dark 
- rat,. s for photosynthasis., there 

,;100 fiie'iden(ce irl Whir;l tO SuggeSt there 
Ias bnri a rise il the nihrxirurin rate per 
unit feaf area. In fact, comparison of the 
wild diploids wiith the Modern hexaploids 
ridicates that this ile has fallen
 
substantially iit th( course of
 
dorriestictllon ard inprnovoert.I (Eviins
 
and Dunstone, 1970; Khri anrd
 
Isunoda, '970; Astin ot a-/ , 19821. 

Thii tiipp ientparardox is (Ifue to ,
 
frottjuntly negative reliation between 
 leaf 
area and CO 2 exchange rate (CER). For
 
a giver amount of leaf weight and
 
lholosynthr, tic enzyines, the plant can
 
have a larger area with a lower CER or 
vice versa. The fornir strategy is beter 
ii tihe early stages of crop growth and in 
sparse stands or weedy conditions, 
whereas the latter is more appropriate in 
J,mse starrds. Selection iinrong spaced
 
plarls for high yiulds ofte.' sfermrs to
 
result inI larger lavos, which could
 
cecourt for the. fill Ill CIR eviri though 

lir negalive relation betwen leaf alea 
arid CER is riot ilways st)ng (Rawson ut 
1/., 1983) 

[lI CLII Of wtlirat is lropiralir with 
thiit "Op plariitsof othirr with lh(iC3
 

latlrw,ry of Phitoos;yrlthSioS;, sticli
as rice,
hurit isrolibly lssir thtli ilrrilirn 
lraes lour irl cops Willswthlw CI
1
 
pihway, smi:h isia anc irilihas 
illJstrat(r in Fime 5 Higher RGA is 
issociated wtli, hut riot necessarily d(e 
to, the higher CER, hut the superior 

84 

http:ex)eriri.rl


performance of the C4 millet at higher difference was found between the
 
terrperatures is coupled with much 
 nuclear genornes of wheat in their effect 
poorer pe'rformance at cool on the specific activitv of rubisco throughterri)eiatuies lilfact wheatJ is thersmall subunit, while the differences
rrrf;irkably well bttetfre;d to ' ipUMtire asociated with the lIarge subunit (high
i1(its growth arid photosynthosis, and is for B and S cytoplasrrs arid low for A as wefll adapted to its enVilrOnfrli.eil jrid D cytioplasnisl) were found only in 
iche is rice anJd millet are ro lrhrs, vitro (Eva s and Austin, 1986). The 

likelihood of genetic erigineeing giving11o e st .SlK..Jtclar, hJ;talso , ritOrise to a sigfrificarily greater specific

hope f)r irriprev(erriM t would 
be tlh( c,:ti.ity of rubisco is not high, but its

fhiding or egineering of a irotiufficirnt potenial inpact is 
 so great as to merit 
.oirn of the often iate-limiting uinq efrneffort.
 
hir)tosyritlletic enzyrrie, ribulos 1,5­

t)isphosbhljl(a xylise-eygrna.-
 f-re riming of the 
(ric;c()W Iblisconstitute's to ;Ithird kReproductive Cycle
oh lie proteins iti wfhieai h;cive.s, iriid ria)iy Pit; spreai of wheat growing around the
iulterrfnin their phitesyritlhtic iate wtfld fhjrsd1,perided to a considerable 
(fvrs, 1983) SL(;bIa kuy eri/yile is dugree on the aibility of plant breeders to. 
i)orcd ItOhave )iu der stfong friodify when the crop reaches such

sel(tin pre.sure, both ntLiral and 
 stiges as inflorescence initiation, 
rthci
i, Sorn( vitlatiori in its KI arid i rithesis, and maturity in re!alhon to localst)iciic a(:tivlty has1; heori found anoig climatic conditions, Such modifications,whea ts(Evantis awd Seemann, 1986). Ihy errpirical selection against Untimely


With allollasire!c lines, howeve., no reproductive development, 
 led to close 

RGR lgg- d-I) 
05-
 A
 

2
CER(ng CO 2 crn- s- ) 
0.4-
 160­

0.3- 120­

0.2 * 'o.., 80 d" 

0.1 40-


S-I 

1I I I I I I 

5/ 2116 2'2 33/ 18 24 30 3610 1 Y2 2 28 
Day/night timperature (')C) Day temperature (°C) 

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

Sokiee. Evans arld [Bush H1985)}. 
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local adatuttitiort Bilt ifite[ iiiiititii ctwtts rvljtir fott otit Ihefitttis. (jtttti 

Stirdi at; CIMMY I 
 lbrtrirrr)(1 wtitit Ii vim,"11/i i riud (htyleiglth iesponsos 
tiir ditfetrnIt orlv.'uratttr~rtir ld not ;it4 'wil kriiwri Q i rid S(jclP, 1984), 

opttio il l bt lo., IitT ,I r , i f is'' :' ()i i !I t',ri~ fita t i fjd~ o Ihw~iys (In 

lthw o e f:1 lll 'ittf~cf tosi t'( Ow yi, pot!ti is far 

1;(!jS~I~jJ~y L;Ijfjjj by ila li titayV lttttioititi ( jl, rq be o
 
cid el tt pte o tI-, titilw thot 'tIh rt
M f ft fepIIrat itt liffe,11 ~frontmhits! tIrilo
 
lifecycle fw vhiti VI rivlvof triomtiit ,t ittrl~uiitHI I teeitret 1 iii ofie
 
set' 'ottl arid Itifto tiiiitf 0l1, i lwvF iac ti vii 
 .% tth ira1"', fromititbiute to 
stetit;VIttt lt)Irl MIttb Htii~ 1,ti t i 1-iolitttrtiL) a' m t ; -f o itt still 

Cto-tu:Iw1iT-utui , ' Vb it t1 1 1rrntt tiHt dI-I&ntM HIr Itdi Itin\Vtittiii frtt ftirtu es 
itt iftpot11811,tfttetriin(mtp9/fi-li IAtittiiitt i n ittwodf 11tw( lo w-latitde 

tie itttitv Noylr~ti It; s ifiiitfii, arrif 11,9/91(j Ir of la! y ieisf 111ei!;lt 
h op't.iir half it itttilikety lott tiidtl itt firiiilw ) dolumf i Myav iwhee it 

lietcyucleir w iul it l-ite Init tw ite~ilo)irio tt brticidotf ia ritit jtowy rie 
suprbr toil fur urirutl(i t,; ittodIit I t( lvmit furl% i ofraom , *1ayi ttit iatitij 
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to yield ptOtimal i low llajtilicAtwhiits r(iiicl the potrati/ion of light into the 
Witt) little i e'sponse! to dilylereItli or (,for car opy, arli( 'icount for the slightly 
verna'liziatirr VlfeIi itwst! il( opoirw ;M liiw i (10) ific/vth ril, to the roost 
wmrri If iaitcjrw,noftiiiii filcit i lit:") wheat examfinedii I ,ycil tIiir~ dwarfi 

ttiiitifel trif:oresim ~ r iriii~iin ri'j tly I i:4ihlir tl il ( N H1)I cIli /otrk 

lfitl,,rWhtti iri:eit wHiTi ti Vlivt(!cl (JAN irllt re l i41:liii/slrtr , 
11r: i 11 !;(tllt(4 llHw:; il\ h'r :;,iir ii(WH m irodo iAlril i;IlSr1114ti::Wo cr, ,'l tr~t in 

rn isi I \tIy (ii til T4 I t !IiI , I 31l,1O I 1(11 1lI !;i ;ItI % tfTJi of1 t r , Ii I r I I Sl IJ ,;ti it)IiI I3 

, IIkiT Ir I ;ti f I I I (i !,I I ll, 1;.Jj' w (v filTn 'cto Wt il'.'Il t dir I Iv(i 1414(I l)11" 

\ t Tiilt, t"i' i f l', jI o y I(m f Tl r ( qil. i l!Tti~tvi trili rtIlyln ote 

t of )ilk or l~i(?r ilwlIf Ii e)ita, I ) arme tor/l~olm~p~d virlIt !1,iiititiNf 

Vil nI.' ilnil, SwmiTm i t o i~ltIh(i I lo~?o ;l fid S o k i 9 6
 
(Stld tril 4141~ I t 'iil itl ~it _________
t)V i: i i ;__________________________________of__________________ 

tlillt ll l 1114 I rii hpo it h ~iutt Iiljtofm '0 

fI %t~Li; f!i pith mlilfl II lit ii11ii-,l Kit/p1(/t / I hm(J11 (for findim [Als( h1 iq e 

i' iifi! It It ITi; I 4ltl IrIto i lf t l t)iO 11T l/f l i/i / titIf /I p 

tiiitiiifv~
TIet~ iiflT inmeim l in other:tlili!l~,
fl/i' s 5,~ to/l~ Itlwi/ I)ve ioill 

W liii . rfnil: \A muIii OwA~~i itif io I 

pivlt!rww,:ti!TIII tiIll. til i tli: iil T sr ;iiioftIt4ISltV t~tdll 11\~h h 

It OwIv ll l~uhll\ fron1 i~t ifl i)tIl~ l TtTtfiilieiiit~: jiwt iu'rtiati 

i ioc it iloffic[ )p hl l Il !' ,vo iwf cti I.-It:rIfrT h\ i Ti i1(io ;1i 'I'lllt 

flli tihliitii liii:-I~k i ll ii v l-in 1 wftrit: /u lit 2, ii whe ea)( : iiy t ~ drirerrilq4mtl 

~44~ilt ( i hrl"atl /0lsijf idy wi i0- it1111c1 IiiVIT '1( wh lter ihhl1: i,)(ant1 

llei-(1,dAtiolTii fltit./I 1980ii dtitlt~ ii tttte ilii/i hi
It hcr i/f/t S pe li ,
 
)lit 4Ifi'41 it !.(fill w ciiui 4r~ tTT
t;I . slow, wrhT i~ri 4(is~rTty ailii~Tu 

hIi firll lll ivr4ut s I Wti tsitill'ii~to mld 1wr~ 1 1/Ti~Tiii liii~r~~~ 

rrlin cj~hii i, l h i/l ne; dhirtm ldwlw t; r :clr wt!,d( w miwt ( fiw niiiiyc"pin i drdt till 

(!lii/hyqtooll itt r t!,! )Irilr!;, ;,viI~', Il v~riut w~ il:; w ls l 8th 



raridom lines, of spFing wheat that cltffer 
in (heir Riot alleleh ar in sarlt :ontrast to 
the( r-;ults f compriorMS by FISscfrtr 
mid Stockmm ( 196fi1 of hijh yiOiidii 
sprrrl whreit Viiitle; Villh dlfflrrrrt Ht 
allefles, in winch trari,; Iii si r trricri;;is~i
f rmlicr ' thirl (ar; om llant. /i,, fiitr IMMYi C Mt I M ol ril' urilikuly to delive
of th(, (leriei h~ic (Iqroorrlhchal ii has 
m lar h th thtOwtHil wlr(m 
irflhirrict! ylwi i ijoitrutal 

Out (x:,iirlrrit!; \vitritll,! w ;CIMMY 
ismclerlic( iris (I[v jrid Bsh , 198/) 
urdeisiroi; ths pIirl t(:,url, tiwfffinet 
of thf 
h ff'r 

v 
t 

irr'ii Hill 
vwui;n Ow 

tjrie. 
,iii 

lippeirl,lo 
!(jW n firidLAC;hill ) 

63/ firlesin hanviril:ls,tm'piriit 

tiirllc(ilari'y ,
i rriti riit ( dii r irirrie 
jiust is.,diii, I;riit iwktxerri winter h strrip iwVits Milt riIurin n:irrnr: itwVrnt 
i CIANO hi/, lafi rtmtrhn itfllritliiy 

t t nwits litrire ;lhea, :,ltuIti luIm (+ii
wrlghi illtIturutrisir; , ;In jljy in i:ii ltr 
cOrnditlrns will O 1i p ,jrrith ht Yet uirnh i 
Ies corrditi ,r tfn April [Bfhriiud 
aulritj what hiti h t"3lriet irmcieisud 
q-u1 nirirbtlrw(ct,:.ruthtltiar, 1]84 

itdlidl,-' i v,'iitr lm F131tirs wAhfr 
Iybr ts linhmyq ; l()1f or , Iti( Rhit3 
tnfun (Gdal: fit1/ U;,MW 

However, the toitort wihch suvir/g 
frorn steryl (pvlh proxfit t girowtih 
also apirofi. 
criOdilors. Unit rr law irar,,irman orr it 
high ti)r!pnt "ilrs of both 
Yapqr 50 ind ClAN)G weinaviuni awv7 t 
aithosis to islterutr lfltt nirm S woeru 
lighter. Bet ,t Coo1 th!rll rtirltrs o high 
irr a rinces the tar of tef talo.r lirrns 

iir remwoe o;sithiVy riVie thri trlroer iif 
the sh lhir orn; iii; :mrnpfnl t1,filat H';(
of thie flirt fnrr; irt ;lpttriwhcit, riiy 
hilvn thIr fllri.n;lhst imlrfrt u)n yiunlI 
potilrrtirl itfowni litiiliti.. V\iti tun 
CIANO isoerir ir.w, n(hlr itirrrrdiiit! ii 
corndili(ns hru wan;inv(dlerinci iof;f 
oplit um frighl for yild poiirtil, whic 
riury rrikuOtha trirriur flinf!m
(r 


altcifuhly vuhliihh, it] lit, :huctiolrif
hybrmids fGahn i,! 1,, I98h) 

It seurns likely Iat furtler fornrl; 
adulistrinnt ;;tr, h u rii niU ts 
corv IIall thinpu.,rteutul s.°vrr.is ft(r 
mncnorntori of the Hlit nenes Irto 

rualizable yield potential, as with tile 
CIMMY r (uriMs when the Rhl genes 
were; lei inModucem (iLeihner and Ortiz, 

U/81 HIuiis, the C.oiiliLiiori by 
VvddihIrri"i ot']', 1986, 1987) lhata 
recant iriieisc, ti Oiw i/ilIdfioteirtial of 

feornl t1 i ll Iutirf fflh' "I:res, [lnid are 
rhowt t loiraIimh f( latthIrrl ;of 
allocitilori, may rrwltd mudificatior tlhis 
rirhaly:s islsu ;miests thit even when
 
riilojr t c imb irt
lit rdJcedinto
 
whdfilUhy tiw tthriqtrs of Mrohcular
 
hiol(liy, pirolriirnii ohserv;it on aid
 
elh:l(ilr hy .killiri mlmntn
hrhuders will 

i ', irri)piCttIIhIo nItiirt, iiruriizflhw 

oifr;r(:h yildl thrtfilwl.
qe.sl;on 


i! v
 
last Iru(rirwsirs in Vin-I potential have
 
1ivolvf fd Owo(imriqti il ltt eraiion of
 
rieqnuiifory triiis !-;us
rather than inithe
 
(tfiei n(:y (i issimiliflu try ores. F e sihifts
 
r ;illiriiltltinnd thiris( inihiiivist index
 
iJvu h)rern (uit(i, in esserc(,, toit
 

rle(icti)rn irl th drlinilds forl assirlitate
 
by vegetative orgai.;, thiteby prmrittiig
 
grl otr inivistomre lit lh Yi)rln(j
 
irfloresin (. Ir turn turi;ealsd-to tie
 
diffrrertialon of nor flonirts ;1ir(1 tire
 
S[-etltlp Gf iMore ( rirS, aMid this in IIrcreates a strorineir srrk in thu ;ompetition
 
fo assirijhloes (Cook and Evans, 1983).
 
0'1,rrrirrril
0r this irtolpittllion, te increase+ in
 
giri rimorib) per ear or per S(IaI1reO
 
[T lUlof (rop has been the hiving force
 
for greiaer yield foferutial. Crot
 
ihotolyrifhrsis rrmay n)l have heen able
 
to k p i, with Ie result that, initially
 
at ltst, lhewre! rtriy h(n a fifll in kernel
 
Wplltl
 

Armong thi( CIMMYI duni wheats in
 
in 1983 84 ixfprrmrrient lot euimple,
 
rimr 1ini2 increased by 2090 ,
r 1-
nd ainurnumber per ar by 114%, 

Iror fu n(htCln 6r0 ti CZnrcorrLJrl "S", 
hut kirnl v,itli f[lfl by 16% illroLIgjh 
holhlit i­tIath of gilin growth 2 arld 
thi ilrvst index double.d ftaddingon

t al., 1987). As Binghan (1 98Mf points 
otl, there ate rmiany guens of (ilj; large
effect avilable to ;riicrase (rain riomber 
r,-92, IRt thnsn rMav hvv fith om,tilhe'ct 

yield unless coupfrd with additional 
capacity to fill tfhe grains, as appears to 
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be the case wilh hybrid wheats 
(Bingharn, 1986; Gale ta/.,1986). 

However, we also know that in wheat 
the photosynthretic rate i.es.orilds to 
increaised duliia by the (gains arid that 
high raes miay tin irlarritainird for fonljerl 
when li(!Jiflnrdis greaiter (e.g., King 
t 96/,( j/ ' i /,, 1976,' )sorot 

Ator.mon ot -d , 1986), 1 iiiselechi for l 

yield. Grain yield is less sensitive to 
irradiance at cool temperatures, and less 
reslonsive to CO 2 enrichmient (Krenzer 
arid Moss, 19/5). At high tmeiperatures, 
reproductive d!vevopirwr t is atccelerated 
rltihv l() ro tloIi the, ate ofi fille 
iholosyrililt ;i hbe 
crflwts Inero htlill(j, 
aril yl(dhj l.SitiV, to 1iildialnceIrle TI: 

mrlCO.) leVl 3Giffoli
(191/) hals
 

proq.trssivtly higjhtr (pir i!otIrrifthdj
irfier shrirld 
 thit, lirter filvorllel(l

po;:sihh. () 


irinie prl(ioi(]t;i i,; 


rThIk(; iltcliri forfa!ter i 

phiiiittiyhrtl (jlir] 

tlhu lrirnjrowth sli;tgu,
irdii:tly 

I:ri;.tisrig]
lo)p huieriro;; 

htedhii(ti o)f r;irlru
(Ircwth usflnl 

.,ITililylCutttiiifd bi )
fry itW ;tUlp)Iy 

,rssirila;,ts but by !trwtIc :irl;thiu r 

ictin tfhriuurph
rw(eul,itiry uortiols ori 


lirlln iuil off u; whrurhSi/i hft W )(ld
(h~lH'.;h()niii h ili il l/orwtp)li'v;
don
 

to w 

t//) lowtwi, tiw iiaxiri1/atiiOi ofl 


yieldl iteritiill rfoi ht ihillltior 


unil t) I (wth(tolitld .ta/ 

eslll;s of 
ltioto yrIlfu iilctivilty irithe 'leaves tolie syrichriirli/ute with thin drtiiorl of 

flrOvtf ,ili;riIntin If ;uc;ii;c (i.sIn 
, il swttiifr , 

eill i; hylht r;;lt, 

hl e roi(liai i liriitiel lit 
( rtw ill flt; tu it 


1;I!Hlt!il!olf!
!;01'; if)too(1Ilh! Willi lluw 
11h;1 Owltltc.sull ish()lo!Ynthf~lic ,l/ fl.; III
 

tIrlehiavu;s 'iw riot I.fruohtli/ili nd;ri 
rtilli/ed(1ir (lrwtlh these ait rrilyirn r 


otlher reulalrOry processes a;i likely to 
he rndified by .eltii as a)porinonw. 

IirripovetloltImikes, ls desirille, bit 

glowlh regrl;tors iniay increasingly i,n 

iised as surlroS for sUlctiorl, just is 

tlitrogerlos tortili/,ers
hrave acted ;as 

Sto(Inin.ats for Irmiprovent ine
l(;nefltich it 

the ifte of phol)isyrllhie;ls.
 

I rivirolinrlr;rlill (;ornihitll phooltetrrnfs hrtivit 
fftecitson the yield of wheat, bil r'un;IS 

rlrt Ihn ocCilsln ii irvirew Ihlese, irt I 
tririsl conirie iyserlf to just onu aspiect 
of the itliuinrcei eoorIvirorienrt i1r yreld 
potenuritial. thiic;iuri(:iurr; hflheh uilnimi 
f)rtvw;nli tiholosylllhltic aissirilatiorn arid 
thinreproductive cycl. [Ivrrwilh sprin
wherals, cool terlrrpu;rtilrur; slow down 
neprodictiv; dervelopmlllent rrliitlivr; to 
votfallve rowh arnt l ti thise. 
with lh; resull IhiattIe rie of 
rrhotosylilhrsis tecol(is less limiting to 

(iiuitlorus, wheait yietlds willrise 19y 
0.250 per vpie rse in CO) 
:i(tmtrlti(n,lbu1 1tuhigfho 
triperattkries likely to accurrlr~rfly thue
 
ristIinatifiosphelic CO? levels will lend
 
to c.;irctel
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Production Agronomy:
 
Its Problems and Improvement
 
C. Chbrrrea-u -_.d G. .- ,rt 

Institute for Tropical Agricultural Research/ 
Center fo- hiternational Cooperation in Agronomic Research 
for Deveiopnimnt, France 

In comparison with the fast population 
growth, the totlb inual growth Ot 
a'gi :ltural i' )oucti(i in de,,elopig 
nourtrias during the last e Y ,; '.aMs a 
littl, over 3% in Latin Arneria al AsiaI, 
but )rnly 1 .4% n Africa. De'spitu tite; fact 
[ndt )yr.of drought in Africaur Luriuial 
carinot he ovetilook,d, the fu uire is still 
gloerny. Alth)ugh West Africa used to 
(.,pott on million tons of foodstuffs 
(particularly peanrrts) at the begcinning of 

,thu ]9G ii was not even self-sufficient 
diing 1fiw 1',70s. I1 1983 84 imports of 
foodstuffs ril*inre to 1.5 million tons, 
tut if tfi;!- f;'qur is ir<trapolated taking 
into account curient trends, it may be 
translated ritoe weral tens of ini',ions of 
tons in lust 2I:' years 

Iht f~iifin picirtuctiur/ SituatiOn, ':psnecialty 
Ser.ions if) soie countries thnuh not in 
all, constitutes a real ciolling, if we 
consider tIhe unfavorable. ecoaciorriic 
situation in those conntries siuclh factors 
as growing deteriorat an of tire balance 
of pcyment, low dornestic sa 'iags, 
weakness or deterioration of public 
uqniprient, excessive urbanization, and 
theWg;OWLn of a less productive service 
sector that is privileged compared to the 
lss populated rural sector, place on 
farmers- whose irportance m:nrelation to 
fin, total populatiuri is redtced- Win 

bIrden] of producing ev-r more. 

Ihe Asian experience that gave birth tc 
tre Green Revolution in the 1970s 
clearly shows, as pointed out by Dr 
Swaminathan, that agricultural progress 
assumes that several conditions are 
simultaneously fulfilld: progress nray 
even be rapid if "an assembly of 
technologies, services, and government 
policies is developed and irnplernented in 
a coordinated mannar. In a wide sense, 
plant and farm technigue improvement 
cannot be considered independently of 

other components of agricuItural 
intensification, such as the economic and 
n lItcal ones. This is true both for 
assessng the constiarnts of existing 
production systenis and defining the 
priority itHrJicelies of reserch, and for 
prornotii(g the ionrlementation and 
disserniralon of rnore advanced 
techrniques. 

Within the context mentioned above, 
thinkinq about farm producticn problems 
in tropical areas is desirable at a time 
whtn sorne of tis wonder if tue main 
re'asons pro(huctior in certain countries 
has stagnated ray an be(-.ause of 
inadeguate tecI ologi('ld rfirudeS, or 
becaIuse proposed rmodels are riot 
adapted to farmers' c rcumstances. It is 
particularly rewarding to have these 
types of exchanges at CIMMYT, an 
rirs ti on with a 20-year history of 
brilliant contributions to the improvernent 
of maize and wheat in tropical areas, 

Agricultural Constiaints 
General Constraints 
Linked to the Natural Environment 
Whatever the production system, tropical 
agriculture faces a series of basic 
constraints linked to the natural 
environmenI A brief summary of such 
constraints is presented here. 

Soil-related constraints- Aside from the 
recent volca rc soil formations in 
highland areas and certain alluvial soils, 
most tropical soils have obvious 
limitations that vary with the situation 
and crops. For plant growth, these 
limitations include poor exchange 
capacity, major element (P2 0 5 , K) 
deficiency, excessive acidity, low organic 
matter content and inadeguate release of 
nitrogen, poor porosity, and high soil 
compaction impeding deep root 
development and water percolation. A 
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large part of the surface water runs off, by numerous factois of vaiyirg
favoring erosion even in areas of low importance according to each retion. 
rainfall Some examoles follow 

Studies conducted by the Institule for 
rropical Agricurtutal Research (IRAT) i 
Sefa, Casamance, Senegal from 196b to 
1970 ha\ e shown tat ruriot! ,nri 
erosion, while hmica( tider rihit[rijl fort-t, 
cover, increim drarrti(.ally ,A'ii1i, aril.Jrt; 
lie fallow, and even mare so. ,vrhn lht 
are first crotjped (Table 1 

These general fteaHttires niay be; I tflier 

expanded: low Moisture retentrort 
caoacty of sandy soil, in the Sudan) 
Sahe-iito zone, whicn tiakos ciiinatic 
irregularities even reore 
frequently waterlogged, 
areas cf exctess rainfall 
particularly da;trtirrer1tal 
most staple crops, witi 
rice. 

acute; and the 
cla',ey soils it) 

Ihis is 
to riaize and 
the x,ception of 

Constraints linked to climate and 
biological environment -hese 
constraints inctuda imlted solar radiation 
in 	 forested areas lhi reduces the 
notential yields of crops requiring 
sunlight le.g, tir ze); aggressive rainfall 
(runoff, erosieni even in low-rairfall 
areas; excess wa'er ir comparison to 
croD reourrements in forests arid 
sometimes in highland areas or 
savarnas; rapid ard aggressive weed 
infestation, more partiCularly ii savanna 
zones, especialiy under intensive 
cultiva'ion lvith so;! preparati.)n and 
manuring), and n Issungi, viruses, 
insects) in the field ird afiter harvest, 
particularly in forested arj<s 

Agricultural Constraints Linked to 
Cultivation and Production Sytems 
Agricultural cronstra rs afe conditioned 

Agricultural and ecological producuun 
framework- Most frequently, a crop is 
planted within a certain agricultural and 
ecological fraiework ard on a precise 
(naite 1aking riai,'e and wheat as 

ulas, the follow:)( viva been
 
ervt.
 

" 	 Maize is alanute it) ntwirtrl)pica zones 
durirg the frainy stein or out of 
season with ii igation were there is 
only one rainy season in[ Burkina 
Fasot it eacn short rairny season 
when rainfall distrihutior) is rniodal 

(Congo, soUtthtrn Catieroon) , ared at 
different elevations froti ow tforest or 
savanna) to MorW thati 2000 roeters 
(Rwanda, Aridoari orie) 

' 

In the case of vvn kit, tre range cf 
situations ir) ittefitilpii:al zones, 
though reduc(d, goas from sowing in 
cold (try seasons urter trriqgation 
ISahel) to sawegm!! at thre entd cof the 
rainy seasiori i t i thland areas (East 
Africa) iftbro oi, intermediate 
situations it which irrigation has only 
a secondary role, is a suppr-mlnrt to 
rainfall iMadagascar! 

It is obvious that agricultural and 
ecological constraints, and their priority, 
vary widely according to each particular 
situati )n. 

Type of farm and product 
destination-- In contrast to industrial 
crops (rubber tree, sugar cane), many 
crops aie cultivated in the tropics in 
farms that are well differentiated 
according to their sitze arid technological 

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

Coefficient of 
Runoff Seepage Annual erosion 

Land type (%) (%) (t/ha) 

Forest 1.0 99.0 0.2 
Fallows 16.6 83.4 4.9 
Crops 21.2 78.8 7.3 
Bare soil 39 5 60.5 21.3 
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food h t>(grovtloj c onsumrptioni of 
imported wheii As 'I rusuit, local 
PrOductS lo-i( ;xtrt ot their rllijrkc(t s0111w 

In1Co Icf a fads s lI(rniISIf, t 0' 'cti 

(fdifrlfiCt of ~ftfttItft trri lrlt 
IIlntirsiticaItiont 


Constraints of rural life in tho 
tropics 1-V(IIiuIfr)ror; LJ~f't trtf( 
(Ievc.flopffffttt tt 1s\1(It orl ircfurriirt 
C-Offin orts III Owt tt(fRI s a ir,ois tar of 
or dfototroiotofl-rJLlSto Pit 	 VJ(.srots?: Of 
clirnatc or 

totpl;w'i ­

(.litrir 
fijttwiys, 

popoliilii io~vtr i t 

1 4 1 i I 1 It I Ill' I' II- trti 
't1t',l' ift n Is i l t il It , ~ 

stfooIk I fif ffilf1,1 
stctrwi, fmr> I lhti itt'li riwrs ttrrwj 

'Vtiri fijrirftww, Coitriiri 

tioy dou rittli. r-. to' tIf) 
ilyrlcultuirarlifttt Irld, 1iti1i 

Ifiirtof
ol Ijttutti 

ft-lMSt 

coniditioin their Validirty [hey TilUst 
guartee that "wtir analyse-s amktruly 
objective )rill not istcfrWdi hy their oiwn 

In thelift to ar, ft' 'rl fttfiollonts,; 
(Icoifitil:, lpfrtomtirly fromt CIMvMY 

(uoutiriitori Ii /\ij ftttft; ic 'rr fur 
OWN)),iprort(Lllf il l taot in 

siit', rivf otrl~titI
 
rt ttts 
. , 1 :tS Ilws ort;t 

aiod ltaivt t)rolhoitit, Uftito MIr isfu 
fttttool)os lasih 
()ttlni tikftous
 

t 	 ISf-%V 1(1; iii' Silt 

,rsr" ,i .,IH( I l iri.rit- t sIIIY l IfI P ' ltt 
Jio a pif.Iifn ItIihuffifiri fIIit~tf(
 

hotfi~rlfifffft Shooltli f 

(,:, j-.fftf 	ap~ri(5rtrf i 5iI~itfnt ihfftrr flndwpr 

Inherited traditions ~irti; rt. 
f51 toi 	 techriolooicai1 chrrfirpttf wier hiriugt 

aibout bty fitrrtos titotselvwi It vwolif 
be~ IllogicalI to thrink ifhat fi ti:f tt 
irftiovotionrs fifiy hetfritllernttltd .,itout
 

It 	W()(/tI lb~ol tf At~t/t Ou(lt IlI!IIW-.I 


IA/iliAS ~ItVA I Ai) lOlnd 

Technical Framrework 
General Remarks 
Agronomists face the innovation 
dilemma- Joriol lowing review of thf-, 
Comnplexity antt (fivisity of agronomiic 
coitltif; titfloct trioiftfirtUlttask firrut 
acjroriwrtts I i rust look for nsor 
to Such wtniif.llf;tln; ls ]"flitw to 
undrido irstand Ott f,irttitr f, irtiititrt, 
Without ovotrloi ii( tioir o.YtrotI, 
diversitty, tIIi tr ll,o rio iid, ioifj t'jofiif 
hasty qriolfriirlzatifIs that tflre Oifi tot 
distort tnhfIVt(ia Itt Kit ittoS, tif tfto, Otfiw 
1111y riUSt ajria-lyzf o ~ltr 'jintf ;,!t ha 
the resuilts r0tlor:t fitirr ritit i' s, 
cl1050/; ifs p oib~ilie (irtIiih riq ttfajor i~otiii

arid pulitical facltr)AWI iOut tfii! risk Of 
rrrakrtr oinirradutf rar itfipus';V Wlri 
duveloprig no(w f:xpufrrrnrt~
l s cfl'trotrrs
they rr)Icift Ilke ir it~crourit (certatin 
qenitrail and ecoiriifc ttorfsttfits that 

inrn 

their active 1jtitipiftoo In tfi(?
 
diivelotriott tOftiif tO(hnoofi(.S. Marfy
 

examinredf y orotiJs-fiorfl re!isattrchw
 
z devOlopurs front tftil; pt-~ttt of ''owN
 
Likewise, oeir) todaiy, c~ombtiing 
resuartch tuoti irfoovatlort wtlo r(,-tItitttoq 
the roll of fartrtrs ats rnew olutr, frit 
he woOdA As v'A' wil s(?(? If]tttil, 
fiarty tciltolitcii Iinovtitotis tfl~lt 
ri'otvr pafstifd thr oughi the cfta rirrls of 
rueutacf ai do'vilopryit ate heong 
trrtplofileitt thiroughi theospontlricOUS
 

ictitonof itnt, iiirfrwtutttttt
 

l-/itntftif irflilluro' Ill drtviplrlq 
I-i ~ fio - itab~st'i, tjsni it 11:1,5, on) 
tmfifittiot,)l tucftrttloqtf i tit Jt not yet 
ftlintf to iitfcafpeiar , cbiff'pttt ftiir poor 

;itflptationr lto thft itirftrit tinl fLutuir 
ftfiio 

1rit! tir rciplo of tij faltiw, whViich
 

futlowff trittiiI forility lt 
 oher ucovered;'
* 	 Httasortafrlhf iirriourits, of huimtrtr which, 

ijlfiw (lowing arid uitako fiitcrinuated 

biorfiass 'aValaIrlct~
to 	pl;rit's;
* 	 U,;o of orqganic ferttlt,'eres-ielcialf,
 

rrtarturu; 



* 	 Farming or post harvest tools r'lade of 
wood (based O th 'atorla]l uSC of 
the eriviiormtirrit), 

* 	 Lartisc atipi1 ard ro;ier control 

ti(:hti i,.ii . llili t to tfIos( oLhselv 

Iri IlLITI [()IJI, ri I >rI.; o (f II iJ rI(
 

Afrcii, ili [) i i,on on IT)Doiu; w; 
Mah1 Or I,, t ttJtt, ,j MN uiirrtt; III 
( :airrnene,,n: 

V,'cnr tl! I' l 
lmi;;f pntorl irtic l0 r 

* S IjitIHr r ltllirml(I r,rii 

,))sOshci tiri, jrid fl jil,, 
* 	 /(Jrot(l'tlv 

Art 	earlltik f hui mayn;y'nerrs 

lhitit ii()II nor's r. off.;(;sii 


ia!Jtnv;]tl(n I ritiih ,Soiqhtirn in
lifitlr 

,f 	 ='vi I (,ifinirthie ri 
irt o t !lli Is 'l ;I" )ri/it; 

S'F t . i's, !ts;aiiililri pli t 

,ll;wlllt', I thi liillnii ttfermt, 


i t i, i ra, Ori 'tl tl I 
I, I'H~t~<J,'.'hlcli~tb,, l il:,fr '.',i',i 

: r,tl tn,~, 

' 
F'J+vt[r/ l o ) klitlff ~ t~lltt~t-h I, . I it h, i 1 i I'( !iHr (I 

lt l!ih. ,,tI I ii, t if i t f ii in l 

,Vitt I 'Ii p , l lr ire 

l, l),;( hy 
.i rani ; htl. f.1r 

tIrI Ita I i 1 1I fI'.. l lat,Its)t( 


i i t)lI'frl 't! it '' i rt 


ii 	 .\'. 0 a a i*I 
i' ''l)!/!l~l+ O i !H 'I'~h(l,,' Xi; r: nt)\ r' 

v t i!ffl('lini Ifitl ;r t , 
tin;ri li iri rfl ofn l ,%t! 

t ,i r , tiirr 1 t hf it)i 
I iif t triffii~ trhr idrt 

Different research products (itia ii 
Ii ovrtio ii iit ;:IIt ,it Iri vilrtrittqt-;ris 

[l(Jl(cil od or~ ()Atj:lVflt,(hWlttN yWICI 
l~trl+(;~lt! ttc t(lf (ILKtyt (Of 1)(OdII(A',, 

Wl, kli)n 

,: lt it i tilp.tl IrvnolVtns ti tI)i(tlict , 

tai~rr, :C(iptf du il 


h .', wo htll'., (tC.) I h,! 

vtlVos, tlc r\ rtnp 
.:Itd, rioirinoltri, the hlot, lhi 

[m mr Ot lilid, or lit runi(( FaT:ne 

ifirrirrIItI.ro;s ,of ilihtq rl i (ly iI 

ilaI I tve t s t(i 

I tIt)i IrIchI ftortl tI I 
(ohtn Iti'nri:ic) by tryingr 
() 	 I -ia; iv) ,-tifiot 

to trdenstari 
ihytotptlya;oloqllpu l nIIn:hiiIsrrrs, soil 

fertility dyi llatlm ' aid theubltiooy cif 

predators Such breakthroughs often 
result III tools or methods that contribute 
to the cmuergence of now technologies; 
hos, rese arch ill this field is both 
;tIatqii: aIod ri2h.tvarit to hsisc research. 

I . iir , , (i nrit Ir nnovative
 
tin :ttl k ;uIIt'd 1;i:Iiimlues -vhtliare
 
ti~tft' l 

Iii a55'>S(IIJ situatiotis and
 
ili.md(h.nV ( mit iiiJti following
r) Ii up innovations 
J11 pr(ArltctWo1 fnr,so r,ethods interestd t 
pioducers, riin;,louvinocision makers, 
and resear Io liItiu tellovvitg pages, 

I;i;... ' i)rjoucts reviewed.!setarch ait 

*Iools and Methods 
for Developrrgnt Research 
Diagnostic and follow-up tools At the 
i 	dJI ,ifi t, s veral geographers arid 
i: itijtljrs have att(.ifntttd to.uSe 
:art)gmaphc moethods to providu decision 
mt~jf de.ve!opfs with operationalater, aaid 


ion~o ;il(.: !Ild foI)ow HI)j in!Arutor ln s.
 

i~litTiiologicl jrid pedoloCial maps are 
IC flt)ritilnf iy innrTriirHs i;aIrtfJles of 
jO[li)1IW~J C1(:ojfl;AP/l r folrI) (VdlUat~ngI, Artilu s,i oto ri naliti r ee l;,t ig 

li (lt l ehlel to fIIe,1HtiOti toolsI) 	 sottfine 
rt ii ny a)lI CIHAD vvithin this
 

(tirtt BeiSld on (itt 1ITIatIC aid(
 
ol)ui i iri i s veil as o r
I t 

IUS,pJr ttpirltli t1,W y[tdi'fitrCitc zOnlng 
t divi(Iitiq a rtgon irito 

i f trO(lff lia/()ii tS thit ShOw 
nitreasirg fi ttu itll for a certi in crop. It 

tt 	irit(ercstntij Ioi cihrs,ot i(;se, 
xter,,;iOr ag!ents, as witl ;isfor national 

:isil(r mri/?tirs lti rise o rinirerical
 
Irfld )I+!S c~rodti :( dt h .y tlh lf (Li_< ds-al;
 

Spi(t, as of this year)) hi.a opeirl.d rlnve
 
iei:t iV in;
 

f+c:o lllk,, C lkb'%[) tt! . it,! Jfi overall 

tilysi: I tri' a-, o (iFiill(hW-rl )sa'( 

fit; i'iotri(tf rI ltt1 ,t rtncicral
t itt tlt(J 

tool: the fIm)'Ofn.'te(on This iS a new 
;ltttnrri)l tO "'iLt)(ivide' countries Irto a 

t Oi fOutltii honrin urreOUS regions, 

fir0 It I101ihorn soill i': ifI tiori,<-;VSnJI.IS, e 

i 	tIs,
i 	 trtId ;IrIILIaIi rIrITalII 

thus ;)ral' s.s his ultritil 11 
tisiregioris it tli;Sauheirn /on(e? which 

(ire !rdeperl t itf ratiional boundaries. 
Two exarriples of tow this tool is applied 
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are (1) the effect of innovations within a 
country may be mcre easily extrapolated 
witnin zones of other cour-tries belorrgi,' 
to the same rnesoegion, and (2) withn 
the same country, M1ysrayprjoritv an ,s 
be done Dy meorolion, thus 
cntributirng to ii ratonal orgarnlzatrof of 
research and duvelopment ,fflorts 

There it rTaIry SLiUV}tf oettOdS at tthe
 
trot anH trrte ! w1101 alow LIsto 

obtairn, anaiV.', and coriipar tit or 

experlr n at,i hr t, irclude Cclssic 
rietht St f , riii\,'Hir) sl', roots, arld 
cav-s oIth (ct isii id at(f(romlC 
siiveys at tIe )iot of tr1 ievel 
Coriqt'utt{r tschr liyt'hblp tht. fresearcher 
rrraki! belte it of triore data arid 

t (fteth tnnif',tor l JaC(ufally1 

As i,] ,%. ineiit),rir i i rt;circ ty 
deveioped trietii(i for arilyzinq water 
balancte Basd or stluies condthcted by 
severi rnstritlltorr; (the Food and 
A rictjltUril Orrtri.'atnorn (FAO), Overseas 

,rir: , fer Sciertifc arid Techrrologica 
;,.<e c (ORS TOM ), Iritfr,;tate

Corrn1 s.i; for aVeir Studies ICIEH), 
Ag( 'ulurtlll i-lyr(]forjy and Meteoology 
(AGHI-YMFI), lteirratorgtl Crops 
Restearch irStitwo for the Senti-Arid 
Tropics (ICHISAF), Unhivfwsity of Texas), 
computer -aided sys;tenrs for assessmIg 
water balances and methods for using 
these systenirs at the farrri level have 
been desirned One exareple is the 
recent nIP software d(eveioled by CIRAD 
to simulate (ie water balan:.c of rairfed 
crops ir dry ropical regions, based on 
the estimate of trio evaporative dernarid, 
water requireirerts of crops, arid rainfall 
This water balanvce ilso takes into 
account the rMaIr chaacteristics of soilns 
and croppirtj sy<,tem,"s (oot depth) 

Even though this tool car hr perfected, 
it Is already particularly Jseful in the 
following instances to 

[Explain yields obtained at an 
experimert station or through on-farm 
experirnientS and to evaluate plant and 
soil improver ents; 

* 	 Predict possible yields based on 
rainfall hypotheses, agricultural and 
meteorological ,varnings, and 
irrigation management; 

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

* 	 Assess the need for designing 
supplementary irigatron equipmernt for 
a certain crop (clim<ic risk) 

Methods of experimental 
development-- In tropical agrononiy, the 
following steps were applied, especially 
in 	 Africa, until the I960s: (1) research 
priorilies wefe essentially defined by
politice; aoithorities and researchers, 12) 
roost research was putorried :It 
.xperinlent sh'tlors arid field observation 

<;ites to tike Into account pedoclimatic
variations, and (3) research results were 
dehrveied only to official extension 
serices or to those responsible for 
development Projects, whose role was 
dual: to define and to adapt innovations 
by iic(ioreglor i arimd to pioiote the 
application of soul' esults by farmers. 

It would bit errolioOtIs to state that these 
nrietio(ts thougii quite varied --have not 
sometimes provirled lfrlliant results. 
Nevertheless, the faihires observed have 
proMipted us to tecorsider this approach 
and to make use of Methodologies 
brought about by hIMair sciences. 

fiat is why dJing the 10s we have 
Witnessed former procedures, 
rep ies nledi s 

F--- - --- .P 
(Hirse!atril) ([xltrsiorrl (Production) 

irruirasingly replaced by new approaches 
that fhirthef integrate thu partners at the 
diagr iostic and research planning levels, 
as well ais at the iirphernertalion level: 

(PI')uchn}rir P 
( l 	 ' ard; 

lDevldoprn rifl) 

R 	 D 
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All of the new approaches implemented Ongoing efforts aim at strengthening
 
since the 1970s aim at reconciling insect resistance, particularly to borers
 
"upstrear'' research, tradilionally 
 (inthe case of rmaize), or at developing
 
favored hy r0eseachers, and varieties tolerant to the acidity of tropical
 

rlowvii'-ti!i "leviclopirt resellfh, ;-J)!J
 
t l(Si5 i Ih:)a iltt:f(:fr-i is
: rr ,Al of ther;(
 
rnt hl i wl,,J t!of [tho tlov()irm plhaises
 

" 	 A fmcnali/i,d 	tirmi ii(h nosi:;, -ow(.-I In ;, ')rLf ! V /.' f (I 't it!!s riot a /7iaC,1 
of tht,riir cior iri(J t o ;oriw'irii1'; of
tilefairoirg systirlls to lnk 0/Lllil()I I Io 1 1 i e)OI"Cnsfkxiuon 
;orw tlm tw fer('outrd c by piofiw~tltr ;, \; :('[t _ / 1/l1 ()./ }t ,l'I ,'. 

" 	 lht establihrh eritof a (:clhni;:ii
 
rctihrir'(i bsckjiuotrnit to irwvvefr Ot
 
lI)r)bl(l ervti d i Orr
ii(orItior)ove,lmsti,,l 

onfiri .. (ljr)ri .5, (r tby (corietic breakthor igh ,Oi hel)
S IoIIrIH(reS 

ro/;i( ht! tla fitir ; i×indto i w/ (ir:oIotti eariy­litre ;:l l :nu lspar-t .: 

researcti uJ*,i'' '>,iiittlrlC'rr tti i , frlaturirig flir/t virlittt!s allow mraize
 
ar/i) cultivationi in rea. iv .rregular maize
 

" Follow i) ,.jii lii l 1i ati liori caninot grow, wheat or triticilhvariuties
 
anid de'.'vci!pIrIwr ( ManyMl ",IIIh , crer i pt(!td
wll becom, to
 
projcts trndrtlkenI),.
CIRAD iiI I rltII( (ItlIJlt 12.,,IO iifigherrainfall
 
Africa u.i iy CI1MY ft ii tiai , or to riigher tEtrIlipeufi!hrP
 
Aniwrica IIIs t h5:., Brakthiroi.t. aIso allow thetdesign of
t , Ilthlu(i'; h 

it ( roppinl syslers, srch as yearly
State of Technical Knowledge dounhi: c:rlOp;)ii in short cycles (lraize-
Plant material and agronomy Adpltqr p1,-iOf iia/reCOttonl) But they also 
plat riiatorlil trivlrorrurlrt is,i l)resrl;t fik!. de!fIriands itculturalto itr, 

rrwin,; of ittrroptirioJ S, thus to change
to I ve the pr/ctic i()rutriubLJtlIg 
i(iil lt;ii it i l l /N:thu: t;ii I,; tieir: f(;i uiiiasedlyi, ti( eeowi ir fertilization 
tret s,h i s w iniiit; r cw. (evr ti Il(thii to ictually ar;IiI ?v t(' yields that 
/ItI()tili, i(.(oridir/iq to ilitliciltui.iimlirild new varieties aiw; ho rthe.n
( for
 
(chmahn (:llc 
~t'I[C 	 tHlnt irirgothe!r igrctu mllconstrainlts 

whenlever possible rroro,weed control, 
W ithirh TIi p-,tlis its&itary ifrli etcsire. sq JCl iri/il,"(, ple-s, itrif, 
irispru dIjii! hlis ilno fr/tistifor 

i::eituir;, p1MIt1il iri throUIghi riass lHrrWevei, it Would he -j mistake to see 
d rto obtain ecotypes that as a iiracle solution 

tre both irrplhicihi gnerrelic imiaterial to the cropping intensification expected 
aind llterireir/rkaih e<arrlplles of irlarit ci tropical areas: the current yield 
aidaptatiori to mill(;riviiorinrrrnts OIrtio poterntial of both traditional and 

,Oi tion Inorl 	 variety irriprovteirrirft 


tfe(:hiloqf ',l nontraditiornal varieties IS MUch higher 
than the' yields usually obtained by 

Over thr( ; ,ril-ltcc,gentic firroms, arid seIdom constitutes a major 
IIplOVirrrl I'I 1..-fiiiilted IIIspectacular hiiting factor. For example, the Green 

reSLIlt- In) (iUaIIIIhve aiendualahtiV Revolution of the 1970s was first of all 
rfticiricy of sevral varieties of wheat or the reselt of better cultural practices in 

,
rflillzi taiks to CIMMYF the regions in India equipped with
especi'lly 
researcho,but also ilarlt adaptation via irrigation networks. As Dr. Swaminathan 
iesistarice to eriviron riintal corstrairls )OirtS out, ''It was not until later that 
sUich Ns severe rrniric diseases (IuStS, high -yielding varieties (HYVs) were 
hehrointhosporium, viruses, etc.) introduced." 
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On tie oth(er hix-id, the, has ben some lor plot; or regore therie are many anti-
Contfoversy on)the adequacy of HYVs ni oroi 
 t;-cfiriiiti
whiCh unfortunatel,
(iffictlt dl'rIuittrI v( )iinrniints.Sofit vw er ot wideyfly proliotteJ those include 
r.searchers a (Jectiisiri ririlrt of piiit()lcti o)f'ones siihi~ct to
 
thlerTi, it is trto Insist tIhit it ',(fittic fll 
 lvi'inii(h (,afridta trton, public 

tm ir orl -i,5l Jri iiiii s Stl(iit5 plaiiiih V,/irltir ks, lid (,ust controliwisio(ri 
C(iri(Jllct(t C,(I M l ilirtwuli ly mrr [iiih tilT5, l)iIwtitllws, l u tit.rtsticImit 

;, ; f4;(, V%VoI, I% : lit [i; Jf~ll~(hIIIM\', i . I,) ll, ii i I ltttd , J,; I hll llD l e(f l w w ell 
it; i (J~i i, i< , fit i knoii ii l [l, Owit lJ(i)iloili s their 

i j t) l;i mt~tlo rrw l t: Ij(o ), r l t,, wl,iir '( 'J t- (l i V~l t!iq ) hllt }rlnt i o~f/ M a rn v Is s u e(s 

i) fritirn l ui t:l i, rthiStiri' it Iiij liij wi,iI , iri i iut iv icSitrs v itfh
INXtJr- i (rt h,ry,(ISVVY/N' ) l ','mrliw;,? -)ti I Vhw v 1) rou)p.;irifj orO ficlrnrtarnd 
i, Nic(()/lill (11 \/Vl~l',"moo" 
 fl)l ,,i11 io ti~tilsH5 thImt w ill he+.easily 

trfirti~rt;tIii i', Owi lhti il() [h(t lr lvi;s. ItiTi i 

I I is r I , I',,,[ e (i, St l r 
 () itrii 


Jt, ifttq, t :, ifl[ twllfornd h v [V IC l+il, Ililri(di~i 

I; .V(iitwh\V i? I ii tliwi 'Airk pcorlormeid(f 

.'A l inr!idtprij tsinq/( 

i I. t'iC imt ,,. ,r[muh)'ir un t rllova)hIsiiliiji;itofst'to d the,tudy 

Ciii : Ii i, W lI) i i l ilt tirnIvr rfiii nr of thie soill tI I! a r's
(:o 'Ist ,1, t,"III I I ) IfI, I , IJ-,)t c } j (S lV.rt ir]Owl(fhw(d 
;twl(forilf!'I I ll.,
 ftlll( I, i,+:h-! :lt 

i rrif'itI i 1 , 1"l,( 1)vi ( 1i1 iiIht(l iqlluitir)s; l t o,i/ii ,tii itn tie- plot 

ittism il,lfrw l<:f, (,f i.lsh)illtidnl ,ll/itfl !It,, Irc:luJd;( inlthil olir/.m ll nc il tm cfSiO 

1
-'l , i ,,\Vi,. 1 i, i' ) sl i(iitiii i s (1(te tunr ibovo. M ethods;t , 
iihiiliiihil\ )fit ift iill trtJll l' mro t iii ilCI( ll ot ti ,,ciase, from
 
t rImii i 
 cnr n( IIIIoI
i iiill ltl or wi tholt
 

rdhb'. 1ji rSIt l r terraces
t'ITV i'iltti'. ;I v,i, I iiit(lt iio t ifntn s I tIi)Iii'; l S(M W ikl'VI f U, tl iods carl
 
(liS t trial ilti rlti uliiilumttu 1)hT iTIl,iTf
hS ) l hiy +If- ri) 'Is widely
 
)tiratii~> wriT l-i ily 5 
 iipkiiioJtiTil( a Ithey ;l ud lie. As arttit 


inri~hnlq,.t is i it'(V\tv;'eil-! 
 esir e , ae-t bI eef on the leveling
 
;i,~THI ' eel oi(il '.'O[i t o,
tlt tii .: .tis O tftetiiues ui tinT uwnstiilation of

2 I:)V)V, . f (, f.foft ifrar(isiopl atthe lower TI;ve.s has provided
 
!ri;ml- (1)jl!: tjtii i iro j t i erllh/irql1) :iv'ili(ti ittiln yield iricrTases of 2 1% as
 
'if i0, i,,. (3) r t dintficilt coiriu i d trca
htufrtJ ,i sul )t! system of contour 

I , r,itIit )Ti 1i' ,;)ito dti to devise low terra;e- at ICRISAI 
Ir ,l Ililitiles thait til ke it 
I,( I'' Iii wTn Oltfur .(enliii[J '; whlich iilit)I1mhve beert ,IitiJ.Iiii Lit Imrproved 

lilt m5, 
 irsuftficiirilly iryipti n tied,have proven 

their Usefulnes!; Ii ltrntig runoff arid 
Water and soil Itnll arnut sIfniani( lvaiporlation by storini water in the soil 

' w ? I ivt vitlr -,(J lihe often these include (Ils)ubsoiling or tillage,

atwlt;hwIi: ripi:lt offraiifall 
on brie which increases pertmeaittry aid storage 

Soil i.r iii ilivliti( soil I 11,high Capacity, (2) hoeing, winch restores 
i)nHr'ewrtaliq t f tnrlf f i lVe. lt dtSririneabliry redc d by cormpacting orrf 


till i', wiidi ni (itiu js the min plash, (3) end-of-seasoi plowing,
eriviroollfl(;rit thi' tih( ;r(osion. Let uis Vhich itt ce;rtancases allows carrying
ox|lirlmie sorme :xiarriplh.;of te-iques over part of the water fhni the previous
 
Ir)plernier-ted to coIrtct lil; situation, cycle to th following one, (4)mulching 

with crop risidues in case of zero tillage,
and (5)tied ridging. 
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For exarmple, iri, ls carried o1t at Lastly, the activation of mineralization
Kamboinse, Brkiau FaIso show that thtl muchanisms afh.r sowing causes the

effect of ridginstg c:ihirid with tie.d 
 ai)id deletioti if ocatlic matter and
ridging iaoy ali(',., in e rtasn pisiteOni; o)furs, due to rho (
erps themselves and
along the tep(se jf.lirf' th- d(i bli i of Ir) (:'rtamr ftnineuil tHestIziers, higher soil
 
Yieldts si ,sroltg'e :iii;i icirity
 

NJII i tlicrsusrf t it/iisli*% lhiit i ;viv rias';v iti rlt(5i (ts tised on
d esierve ouer itteti i %%ior l t hir tt iv i ii i 't! lilliioj() ind1 imsl:hlrit I li,'(e, hitn
tl i(sx tirnln () witer t ohli.t ) ';h i . (i','olioped, piitictlirlv it tlh

their po(h I.;s i)Irs
j Istflt ir,d htitwtwatioiil lril;ttsi(t of lopi:Cal

warning l et,;sijri (,lie , 5 /ijrit(' 
 Iltst, (11VA), whti h ni cessfully
srbstma nil sivlf-; in itthtli itri t ot atrrII tos;rlv iot o probhln ofI t t 

vvatu cor i lte(inoim ( ;t(It t husIi ls'lt/iit cultivtihrs of inruwil plants in
ts i 

,ivoirt q i ii(:o t(iircrs h id Fi-;
the sui, vs ), 

tcr 

rid sille(w lro],i Srt)iiisi)ft I rti(;tt}(
 

tJI fIivt t)s I i itJir (: o!I,:tt ol
 

siurface, (inst in'' :! r 

are s-uete, tit of 


3) ,.,';ti l''r5{jt .; 
/ I, /t u (/nid S,SV;(litI\' [7-i,.t forest zones,5551) s ristrIisniii, i t ,- ilsdtict, ti /0r ofit hniqus Comm on 

sntiii nt , ttri jsiif! aIid sIr; tili /t a5't hASu (-.~() of TIC:IfS titsj/(ies lllf/Ct(f
dettri 5h 71Wr1 tst: ii ,)u sic.ri ti) NI(, 1/0-7Ic is5 il ,sfuaed./5 dell o 

1o ) tri t,11-i' p )m t, Ir "r.; nit1 I 

::..utilti t s i ,(rt! L/ JCIRAD 
 it In asother cases, in Gabon rr ir csrtrsiil
iosi i N sJ Ow t vr iplo,, it I Brazil with heavily tieclthatised 
8lt ts ) , it :tI)I ' ( lilr tsrLicultiff", d( efrr:tiv; soltisir ar( souight
tlrilt' itis 4a i )))Oit Iito sit ti lcortt ui'it ilswviir tisll
 
oiiri ,r , it ii r,, 5is rn t((o(?6t0ttiiorptin ritvi,' 13Rrl i( ci:iltt,isIl racticrs to 
kilt", if)iit iti i -, ssiiri s 5 jv v c'stistt tslirrIo f 

rsl;hi'tiisfliftwtr w ,i'siitoldtioarrtitIhhuh tsj .,'l ,' tl i '.-t 'its.; Sri', .;, fii)t(tii th'inti .ik o Ist.%., or bry 

p r it l l , i0 I( IIwh f ~ii f( lt III-I i ()(~ tr + jn)f( - I It IIl t(Irist tI 1*f ; r~ o I t lisi't It n5' WI11t tie5i (" lt I.-IiCiI It 

Itritit i fr i it le ii i v' i iri t irii iits i i ri i
sIt i r r ir vt iti 

Ir~ifl~q~ir~ltHtsI I iI5 II ti i t I If ; (() 

(l )it( f ii;iritr tirti ri:t1W rl t ;ly( ,' tiv ;' Cot r (ii r l o irs-0uJiri(h (?)l~ t~ l Hi-,tl,',;)(w,, i; dIh'v 
i s o;owl[; &'('l I,, (:to )plr)qj Ntonw.otus 

to) r~ihlJ(f!.-io,;lor) d,!y~~ t, jiioo(tv ) J fh~fi j)tfojk,(:ts;
id fl(+l ';)I+IV h((fl
 

tilitt ( : ,1ivs tl0 ' iltsl ti iiiiilrtj sit wti rlls'rt(s'rir ' \veLt hl ) isint firVVs~tirrt)n; sitis us-;' )(it siVV.' trii V, ll 
\'irst ;

\r up;', er,{ h ' :,i tu)h's Il tiel s-;tSter-i(F 
tltw Inin trl /I l :it:}uc h 11- , I i(' !;( 1)) oil)f Ill(' p)il )w r 

,ill tsvsi ii iif triji' t;tri(:ttsi irit 
turtisis strils rwintsirfis Maintaining mineral and 


'Iv t dri ,teS; tlI(rTi fertility ti i r . I itefiic 


!,' is;lis I,; tw plant organic 
inIs arni 

rrairntain )iti ii[,i' i !f.t rtlitv withoLit

ild tii( l sIrl srtmt fo r niniriJil nricultuirml k,ismi the chiilhrige to
 
)irts, r ults irlIt, i)iis. o t r iI Iof I itt rovitii ts sri tIis fi it litinC tresisiClhtw iqqrlelsiiit i Su n(It l ili pel t)fitils fItest; tis to risoirt, as

hIirtd, tillIig(, whirs it is pi Clil(!d with rtiscts sis iossihl,, tos t iO iroisysterr's
tr i i/ermti li)( i)ltt ril, iis ti ()onr icniori own re;ssotsrIe! o lt i) irsl iotirces for 
; thi r;rtis rcus :srrrsr tiilit\' pir Vrl tilitynd htrrt 
i tic,'is);s''ri ,csi rssrsflt mind ,tositt 
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Mvany surv(]!S Off 11nilnIl ill)CtOS 
Undertaken in )rlteltrF)1t~a1 7)11101; hve 
showvn Iftfh of211tllil(fi? Soil 

fo ilru il)' ImuI l 5 -I/o S Ni5(11h 

largly cis i-t im ' li( 

ofo p 111 i 't I1 rV'II) 111.1 ('v111111)1 


Si in)))) 11: t 1), or1 i 5 11111( I ;)ii 'III 


(Ji2)iliti (ii II 11' i 111 17 5)( 111 

If (it fl 21 1)1 ilV tIthiO,11 

~~~~~~~~~~Spat~~ tIr1112i l 

taken i 1)1I , i,1I11 t '5 )- t'tiiit n 

('ofti~ & r1)I I.d r-I II It Iri 

a I1)1 it .,Ind Ae iirf inn oihi'i 

11fio llICt l 'li1H fit)li 25 20,or 

(Dufl~tl)1) t,.lll )ijtlvh1iullL If -A 

106 ~ fk fwl(1 

1*0 draw (1)opviahinl woitfrldaitiornS, the)(
 
process descriho~d ilho-v nitit folio", anl
 
iterativu app)roic thm corfn)jtni
m111,0 


Stitij W ~ It )orf f fj%) 

U11,I I t Il ii I ' ri' th tobI 

I - i ' W ]wh ' 1 ' i I p111( t
 

1), >11211)1Ii (0 I i 1 ' )il,) '
to) th 

ic, I Il) lit'- I 'l l ''(' o: II fH'ill"; 'I r l 

iii F,)IstI~ 1 ,A( Ill)m 110', lIpk n~11  

I 1()1tlItSP1)))it fi yl 1t)' 1if ?211)71SI0I) tI 1) 

;?Ct t it1t ISOIf I[ l); ildt )i tinf 2 l 1'3.I 

fit tr tij, Ii,) 

'St(11 )lflt',f 'it f!r' I2oI 

I i v1,111 low. 

nd lIiltIj f thIiI(1 II) ll ,)f '12~)It) 

f' 1)1 



which they are partially dissolved due to technological know-how has a dramatic 
the physico-cherncal properties of these effect on the average growth of yields, 
soils 
 amdemonstrated by resLlt' ohained at 

S,iri, Birkirei Fs, liif lure1 
Anotlher e!xaniplei rstsl irt ilI),
IRAI ,nd FAt) ln,itMarai, Npr r; Ir;;q atliiinftlh iareas, hnirr:ert 
eerlfirrlrrer tirit thi fid rlltrer ()1 /0 tis r r irr 

2 r (1(,( i rock ti , urq)ort d ftrtrlinrrrsin ,as OC itor iltl i (crop
 

t!; of lpl atWa ofttiot iiitmr potash
i rhosp 

sioIhnit 1)1ho4;0imat I leII w ] st)ratti(l r IIrtr !tirr to tir; soil irratkes it 
i t I11h1,' n l IItII( r r ) it .. oIf 0i ntH -f ff tIt I1 S h * hirV frn rL stahhe prOduCtiOn 

w hh;rn, I,r ltrtrrrn n tltrntlrirtw/tv'lVy ( Ill,,w rtw{if riirrrik .',rirtlty of yi(?ds) sis 
I)n ntj<t i':nt rrnnttrtrrhii',, vhovvn carndr(r: atin ajtriril - Bambey, 
I t I(t Io + it1

, 
S( ) ,r fLirarra drItm I urr!,-I iri is;tI(j,,+: tt , fwi.'- re 
;ip!rni(:ati~n s MraIke It I !0hissihl olr'tIlrize 

lIntit,'it ( ')ffatrfinri1 syst'ie; 'rr1(d Iroft from Invostmrn ts fo Ilrrrrn onf the 
,1111'1(Jtl~tifl 1{;~(1(m, t'it Inks cJingraded soils north of the poairltji 
nimflllr:i ni/rhli/ors growing a iea Sc meqgl.rii( iirl ticultur;L rrr
'~nastra:'; .eJltt Htir+rrri;s' 

oorghur yrilds (I/ha) 

4-

MFM 

3­

0-/ 
 .C •t •
 ..... / *:N*.mr'
V.. .... "-/'".

1 
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I" I I_ 1 

1960 65 70 75 

srrrqhtui l*-;, prnuits (P), ,or i:owll,(C 

M F rirgh frtili/er i)licition tndnnirrtire 
rrli low mnurti ferilier ,ipplicitrr arnd Manure 
InI f ) low frtrliznr applhcation nle; prlowing in crop residues and green manure
M'[ h1(ih 11111w ,il hirtlh/w f ;i~Plilc;IthonMCtl irW n111rierl fett.'er apphrarronr 
If - loiw rrrrnerl ffr trll/tni I ;itl titr r 

Ch - crcck vithoit fi rtlr,'er 

Figure 1. Fertility maintenance trial, Saria, Burkina Faso, sorghum-legume rotation. 
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Techniques and cropping systemis In juttiotriI, the, tollmivnf rtiy[iw portuil 
D.uirq thi past 90) y'irs, :im Utichrnicj MA.t ( stnwatbi'ity,(iftititi'iithiJ1
 

been tlnwil t d Iht;t , rt foI i (,ciI I, (D li( PIl ,,ft. t. lp l t wSLitl 

TiT.,1iT11 toi I11 ro, rrpuk d o )t i 

Thiiuu!Yi
t oT ''u. II IllT iti III~f i~o~ tT
 

r ii ite~ iquw l if' lmwIi 1 i i. TTi i iI 

lilt,iiuuu'. ,!f )'.\ii iiI i Twi T' iI Il N i, ll!s 

ci min t~I ws 1. w " ItW !ll O il Ti Till 

Siii Il o f Tir I ' t> il Ii 1u Tii l I I ,I II (',I)f,'Hfili i 

t iIIi t;htiIiii Ivi 1i 9ti'i I 
tiitiiijiTT i i' i I lrA ~ I ii; H Iin i tiIf l t I rzon1 T 

l tw t vr I1 0 lu I I ~ tiinf t)Il;tu ~ ir fii, tIij 
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Brait ifA ip Such~ as IIlaize and 

irfiriti'ii Ifc'. /11') lIoij fltrin;I- at~ow 


(iV f~t f ff if ITI If 1 f t ' I tI f 

ArK)In'' ;li' ''diO'' r 1s%'A 
II%,' "i jr,'i'',i 

i l d 

OJI I I) 'IlAI; 

Oilij 

* lbFI I 'f I f f11'' f~ O iw'11 CSlfl 

*~~~~~~~~~~~~ lilfif'f'f I;ittI 

ft0 f 

fli ''1 1 'i t ( i't on,111f 

*~~fI ~ ' i''~ I~ 'i ~ ~ IfIir 
[.:!(I ~~ lmw ~l0 ',htiw ~ ~ 

I'1f rI' r 1 ' 1' I I, I ' Iit) if f1 fI1 Itfff f 

i iii f' i I'' ~i ' V' I\1 i 'Tr'I IfIf~lf1 

[fill', Il I 1I/if ,1 lf t" 11f 0 iff 

Iff :! '1 

ft I if I if '.ff 'i'~ ' 

fir I ' , I' , , I fI> ' 

'I' If rlf'".' )fIii'' 

If ' I f'' 1' f I'''''' S~;f I'1 .'.f 

1(1'1f'' 11 t . I I' VI1 

'f f )II If f '<," 'f1 tllf if Ih ff fff/r I tof ii ' 

ifw i'f 'flf'f '.vii t jfffffttfl l efiff(li 

Clj3 (fale, tlblefi ind cowpeal, Most 
ally circpiD(l Systiff propo)fsedJ by It TA 

T v~ v1 11f/I ri IY I I ,'If2ti T ,1(21If I(I >1f fri 

Adoptingc Naw Technologies 
Supp~y and Demand 
ii it h irld 

jif iff f
1
11pl f';

1 
i If fii io, iii sipp 

hi i't rlo i ~ l it t rif ;
 

W tri f:
 

l t Ifi Of f i'',
 

W W I '' f' '' Il( S in1flV lf
 

f'fh~f if'1fviw' III 

fi'fJL fIf' iHilt,' 

Ifsi ?ht I 0~f'11 f1SI 

llsi it'if I 'I 'I f''I', It f~fi f', 

i iof ff1d~ f hlff'-, 

1' fr fI ' fIf If ' rIi I~/'Ii !f, ' f It: l lf 

ff If ~i~ ififfv fhf 

I Ait d , I Ii,f f I Ii ,f if i I i tf i f
 
if i f . I f fti f 1
 

i If If i f , i i If 'I fif filftfnrlflf''f 

If ' .1, 1 11 1 II''f 'Iyiv I ') I rff1 Itod 

'' iifn I iiI Ili' I v,;~fIi i i (,clyiS fth f 

f:''' i.f) 'ff11.I ' ]filtl lo l Ii f CJt 1tt' 

'' ''I if, 'I, f 

A fittff 'p~fI ffJho itfi tioty,' ' i anrri s t 

ilfli'ffff f tft S f i i) c'a lt(i be 
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producers. their alrtudo definitely
depends on the way ceftain conditions 
are rot These condlm~m; act as; a filter,
and it is wothwhiih: to recall ther: 

PreviOtis \'rdxg Of thu! 
technolo(rres ives(hH;rs(tIs ISrally 
the case, (Ii( to IIn()h q Jto oil dia( ,

and inforrnation lir1hers), 

" Ability to nliast tochrlm s, posirl 
the problem of triinlfg in w 
techniques hI:II rriechaii/)ion) 

" Existeico of eflf(tive logistic rrTrsr 
that frnrers alycount on issupoiort
factujal in)Ut avaIlhility, credit 
)ossibhilit ,I ' 

* GCUarantl- oaimz(io(j rnarkirts for 
prodJucti()rn - (spriorret very
froquto
.i for Int i rg ')l, rind 

* R1asorahr 
tmx(,I lrisk4; inked to tho 
;idoltor (nIifo r if)es pilrictilarty 
if y , lra kidl ir l idiirf 
t(fililiz
il)ii 


L/t ?1tovet 0;", it,./f ,)(/l JnHd is 
"'I; ic.t 1/If ,2%i)l/Ii/ '" I C iPml/)! )e 

[rn/cf'hqlJtrIt! r /" I1. (Itc dn ciC(-)h(l L,
,[)f/ ,-!S.dt(i' 

At any givrn ine, the teichrical 
production systern) rhosenr by farrrr(rs
reflects their socinocorornic 
ervironrent. fhre are many exairrrl's;,
in Senegal, the evolution, of croppirng 
systers within "oxpr urentalat rmlils, ' ' herapid riise clirr., of riii,'e r(r; rdirarid d 
to the evoltiOr () fo tili/ ri pricros iinroo 
rriarketirig coo; Ako Ii Sucga (Ih
Terres Nouve; pro()(;I,) towarrds the errl 
of the 19 /0's,wie witr!'d ;I 
MIodIicairri of the rrlrjtiotrr initially
proposed by a;trenrrnui;!; infrvor of the 
best-pri ed (peajrrtIsl) orel triot-developed
Co r;i rl Cii r l) ; ; wit; );sthe (in-l
apprecited srio,si.hri(:, top (s(orqihuri). 

Some Positive 
Features of the Balance 
We cite the rerrairk;ale tec:hnological 
succes:;s achieved in tropical agriculture 
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with the oil palm, just to mention a 
commercial plant, and with cotton, 
)arlicula;ly in serriarid Africa. Amon
~food (rops, the advances in wheat and 

neefotoio)ucton during tIe 1970s were
pec;itJeularaid gave rise to u;(h terms 

a.s "Greer Revolution 

WI. (10 ')ot want to extenrt ourse(.'lves,
since theInstitution thlt is hos;tin this 
evef as one theof majorarhitects of 
this achi(vrirnt wu .vill sirgly call to

i mrini that, in 984, i5 rnillion etares'i 
In d(evelo)ing.] cuntries woriw planted to 
wheat varieties ( erivId from CIMMYT 
research lho at)ility of such v;irril,t; to 
peiforn redqJately in dliff:iult 
rrnvirorrrr;t is, bi(yond tiny ;ioibt, erle

of tire rirrisirns ti,rtheir sU eHSS, JS I; 
thoir resporrsi tro intersive farring
 
oractices, patictjlarly to rrrirrer
 
lertIlih/iition as dnorrstijted fry
 
CIMMYI "5 eiotst;iidiln( wOi k irr 
Argrtrir 

Neverthetes;, nitrriroros athors (many 
ccorornst,;, who a;ive done a 
provisional tln:e of the last 40 years
of rosearrch i Inf). l Jrerl [)odLIction,are somewhat piossinh On the 
r:ontrar ,<:rtain a(troriorliSlSt think that
teehrioloicn; hrfrakhrtougths arnd the 
irm)act rof availbl)h. rimojlts even in the 
shrort tern have riot b r,flily
alppreeralth J In SLJpport of this thesis, it 
miray bo useful to f)rovide exariples of 
experiences thait lhavr i)ov;ri that 
Importart advirces iren rnoItLst goals,
but cnr;crot fact:;. 

A rrotro;p( tv ovalration ot threro large 
rx;iJ ru ,'lo ;nirrt pr prrtIs firirinced by 
Oh WOorI trrnk ii olthierri Nigieria
(.,sa(, -tirlitJ;, arid Gombet) lhals shown 
vurai: trorlioctin rowth ltesof inure 
hrlr 5% ii year forthrr rrajor cereal
 

crro.; (nmiltr,, sorglhuro, and naire). For
 
sor liler and rrraize, i.srilts oro,


MI;rU laily spe(iCM ular: selected local
 
soighLrur variilti; hmovo yie!ded
 
1400 kg/Iha, ari rraize varieties 2 t/ha.

Ingeneral, vioids oblanrud in fields 
ral tivated ;ircaoiding to reconininded 
rrir-thods iai practircs doibled the yields 
in Ir'ritional Ilot.;. 
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VrIl JiM11mj. I iI d -4A tn Of sut hdSus tickly
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lk ii 11, tronli ni Developm~ent System~s
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fi!i) ill Ihlil " rnh Deficiencies linked to the general 
social, economic, and political
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ptli l~tv~ lilth i rrl iri l- r(olttrrr thie i lrrilunrit,,tiaru cf Innov~ations 
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 therefore, a hirmJii( (irs-hihttior of 
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r that dIds loreign vitl(Ailno ulSy lask 
for ce.i lr itveloprileni pinOJcis WOr(
 
not ichici ,( 
 larely becatits reilher llt Consequences for
 
type s, uino th,Idosage, iorth 
 Research on New Technologies
criinrii~rwt(t ailicatonri fli(! Increasing overall research efforts We 
tf fiilC'Ot)rItil Wii ;vt(?(ltiattii h 	 v;IVreev vitif 1Irw irTIri P;reasonS 

th~i f%orr iIIrit, f inir if ri.s;irch 
11I t ini t r It f ft C rilrwir t hi, ;y,,vsternt , here 

roti: ni l:r naiti i fim. us tlt . iirt) hfric*r(i i t iiri t it) 1w 

ur t 

i(fht'ih tlt\r i ' bJtSCtiLjiw i t ini iii lit i 


,5!: too ci;tl oilcHrrvo i crtfilI iv. h rt ef ! fi ji. 
lfrc 	 (0r f)(t-o:); irtri1dtoy';t 


+fcr:' t ihuimit nitmint iticii/l.ciiir~fir ii irir fir~ J iJ'hflt! it Owlitt) i e > frofm rt hc 
ti, tri ~roilrm r. c~ n, cmiiil}.(i/al, I. i espe


ConFclusions on Research .rc ir( l'i ( cm; r. 
and Development Strategies iti:ilmil :,ih Id''fmct.ver short-
General Conclusions 	 'irld iirn(iirii0111 

,
 r
It(,fg)r
mtrf( iI i fimrliit hf , iii lt drrr If th 	iiir iic)iJliit iiillonit f it,iii(:tl, !if ii lit <~cf' lt £t , ccJ cli; ii~ cc nr 	 l lit r 

ii r-C i ) ifi 	 )fr ( l .11 tirmldif r' 	 t 1i1cil ,ris' rI.i ;r { i idt , tiror t0 

* ,i it[:Ir ii ' it rimfif, mr ri +ilri Htl t ;I f t ' fStilltsfir 	 i iwl rim ti F t ri tn 
t~l~l~il,qi r'+ '\ts<lr l)f cltt:M (LIUS, 

* 	 If fIJi m riricl :tI rt]lrm irf nunh f llii ri I tt i Itf , t iti v(ustfmle S 

II IIt fi t! r i r I i i t t r It ii rit f h( otiI 	 I i lri i i n.it.i I 'iIsv irnIt,,ir) + itt 	 i;I llii , ,tii : lJlifll()]il ( t,!Iiriit: ) xridtis't ilttro~il- , t ) HI i )'. itlhn+!+,tr idfd tJfw l~-i!Ifr fr ol liil,,+.-;li' i~Op m e:nt) 

f!i(virfi)ni ruln 110il(tri* ,t fIo n ici 
f()ru clhriltc icini , irrictil tns Ii t 5 'r ' i .r s' 	 ' ii rt viti!cto the 

trllilt. fllfst: ti: 	 . K 'l.(t of* 	 h/r(ricnit li t ri~rf)cn r,;',ftiht ti~ litiol.rinflilh rit cid I t ftyc-ologcal
ir acmtlviiolt!, fo1 Iin r nlc( :I;1ri; rnlI tiiiM rilri!tj I rl t )ftir;tirll ir nr
 
bumt ilso in rarketiri. thetir proin901t' cm0fi(ili ii t,)tl i 'IrWiMt i 
 and to 
ptir c i.j inputs, or in amrmglntj rt ilfl ci ii 	 curt. >, Itt; It slcil also 

* 	 Dl)cv f ir diinttr ti uf)strearir Ji t itiit l(.il ,. riidty

tii .) jtl dowIns'.< irihiLifiltmt, ilit;tifoti irid tl-il I
iIIIr td iit ifi/ilor 

(food [roc +;rsrrgr) mf 	 siitisw; cirif tcolo ji It 'hl,'wtk 
* 	 Orgj nmi/c nd rirarcitni rit(ifimi iriJldt ,irhht httis cirmlJ !i)'v ist inptIs

loti ft i offorts cinurl it pfroectitri (ltiitiiJ (:ori
to iiiii tiS i' it tiriLioUs 
Irn(i ltt;oriri( the ritliirtal .tmv ofeirierti crtis shallI aim i1tdi(v rsifyrg

arid ait jlfeserv firiitji, il irot5Otiii 
 pro ctL(sA Irid finirJIg new technologies 

for procS:Siug such tproactJJs
The irplernerritahorn ) stci ,trattegies 
assumes close coordirmatiorin aimd a 
continuLM of efforts in eachi state, but 

113 



Increasing reseaich effectiveness and 
cohesion- Effectivcppuss ind cohesion 
mre two major uleriuntstop)e ti ken iot 
aICCOU() ri viIp thep fnkpp\\'ppp 

wnoAkers t n t) ir o wPojeP tie i fil l to 

co ep nt s o nl fespplitier 
inv~ver~~itif ~p~p~P~ifPp, ir it 

eo ip c iar is a Ptii( elpr i, 
cloelOte wrrt P toi thei t Wak , 

H r T 0i rlii F, y -A o er(w IIIi 

IMit!k,wpipdpipci;)1r) JiI'u~p 

" Better an qanPiz~ittai of p 

Linailysls of thit AH ' inp 

aFJPI)t"Citf It''PitrIrrp~I1PtpiPPt X 111Pp'P 

b-fnufii oi , Irl t( t pp ( 

fOFr;3tfJCPji
IIPf I t i(i hlii t( PP Pt i 

tpli Pii'x'Pwil PndPPtI )TPPrfpilP.Pit
 

,I[ P,,,I,.i 

p t'1~ P upit,; 
P Pi t ii p' a .' i p p t P t o I . 
21 fl"( pvpt~P,'Yti 

Increasing efforts to disseminate
technology kusPfP? ippfr)]PP~ 1)(it 

p.rCPorn Io thp fP'ipi'il pp ' prdP p iffpp:ppit 

Conclusions oil 
the In, lementation 
of Existing TechfliqueLS 
Ilie! Worlu d Bittbk'2 apIalyr;is ot ro 

I invt i (P Io PPw Pt (i tO w r(s i jiit sk i t 

PPvktti irit\ cl2Pf Stiiis tt o 
ffu t i, PPr s i rriorP (I Ii, p fi 

coIriitiH l L' ftIjft , o;.pId~ 
Iie l t '.ItoftIItP tt 

I f f Pr~ io ii appIt,f, ppp i j 

IInp Pp pit 

ItfwrPrpap 

I,,~I 'p fun ii:rlIPiPi iit ttp~dp VtI 

i ', . J 

f~p P itPPp, 
'~I ii p' t~pPIlf 

wi~ 

t p ' ,ipr I t P PPii 'StP rt P 

TPjta t o I: 1' 1 I ) ­f, I,' IP 

PPr v,,Pkt'I:ifP PPw )o P.Pt Ptlptp o 
p.' P tP
 

il 
fIt-it iT tprupi top ii ' t ~ itPi'p 

pp,ppptvp I III, PtP it f 'PtfItJ
 

Notes 
1 f\(J;(PiIPPd i Pt PnfPPfniirin \'tP
 

Tropical ('grictufan illIA)
 

2 \Van iii Bai 11383 Report NoJ 4684.
 

114 



Discussion 

A. Turrent F.
 
National Institute of Forestry, Agriculture,
 
and Livestock Research, Mexico 

rhl p)u1pose of mly coironents isto 
enrich thf Latin Ami-icarl peitspective of 
this t,> lflhiolt tmlpr 

D)ichotoy is a ,ei y tpical charaicteristic 
of thO ILaitn Ainerican Larning secIor. 
Onoe filnts i vt. modemi, cIcI-
,rttei ls t 

l anr iaiket-oe, ticient, n lrited 
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s;obseclO thait I; typically lIa,) Intelsive 
arid prrrrrly Iiilid J' ti0 survival of its 
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In this way, pesticides and fertilizers are 
becoming the role more than the 
exception in the traditional subsector. 
However, productivities of land, 
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patterns of ttchriolagy adoption J his 
informi litn should hecore an irmpouror 
tool for wcliriology reiiwm(,nI lt) 
nreqi'(lisitt. for aI fllvv tichloloiy 
SrtIIld b I xIIT)IrIIrId Id ;JIiIctil IIratti I 

lii'i noil1nItiv( sulkt~iow !I(,ltlhi;i 

,lho)pt(l; ,i restclitfl It)Owhis tf :-I Ir 1', 

c;)iij i l iill i Ji+id I
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f(Atirilr~flin !itI / ,/', illw it l fw I1t.; th(
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ii! fi,wi l;tl,( r ItlZ,,lh dl, co(rf ,ripimto 


l)l{1(
!hIn'iof (wtlwl J% r;~+~ l (Vf is 

t.' til(: ;I fodde+r ,tShortltn il"; find tih;J1 

IflriniI,,tnot IjtlwIV!;co(JiiVow ifhil fir/inwilfor 


<lridp)lilrlttjuslJIrndf In itnt lil;d 


ffimll(, 


r, authors' oxcee,rt coverage of the
 
topic of soil protection must be
 
cornln)Jrodf(- . I can add very little to itin
 
O1w litin Anwitican conhwx except
 

h ap to LuJiitthat Ihe irnplermioitation
 
,I Soilprotuctioni tecdliriitii.;
iiust biC
 

rol iltly lsocifhit( wvith ir oved
 

otri Ti)dtI (ihl t- litivi i o
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i l ( ).oi.jiwTO-)jwr,'itlon]l:owlsidertjr
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I'tI O ill 

h lr'oLir UI t Ir; 'I .t rO to Iiis a. 

u l I.'IT IdtlTot oI t ' ,<1tl lS t ,il tiu 

(.':ti ttIt I if.,II t i tir til I [)0ini:i l d 

,,'ii 

tl fIr ' i t t iftl hl ; 

IJiii f liof hii~thiii ft 'i)preJv-n t irnir 
tirlr.l, !);r ttt jll~rl,') 
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rllrn'i I ri iI, l ith If Ian
l1l'l ll t IIIii 
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t 11 t( s i ,tr,,j t t~ l hoavJe~ 

(!)%I !rvi!(J di inkrl.ing~ w~ditef~ fronm) h.o' 

P)<r.i(;It rt ( jntdl/tf,Jll ; herlbicide is a1 

r l h t( Jt r) 


lw ,ff- r" .ri,,.j fiim ir s~~l. 


I tAl Id Il I jd I JJJtIC.0 ho 

\,t, tw' have
 

i p,A~q Pmd ,itjtith(un /oilot
n y !;o ,%wtllthat 

thi",,'i'!v ,11follo,.v. 1ofih wI;Islitlilt 1 anr'd 

iw(ilirv ;ltit- C O ri[tlilw irnP ,ir~i(Illl ir 

d i!t,?rt,r l {trm O w n!r i iid u slring tv 

Iqh(n ,' .!.<hlt Stoc mr1f(drlrlkln" 

.viqitteloI tot+!twhil, A ril ht;w r I :,;wfilu is 

Ii,1 t (l~ " (ho f n Jct1(!II+I 1 11idiirodJ 

F:,llijfw +,is v r t tha1tliirt
 

i/-t :!icidt! ~":)~fld VWlduly
f ; Lit,I i ,t ( 


i iv fl ljho mtttfioflJ for lp u(, ?tVmiq. tho(ir 

(p jrirnf:)r horg 1wtriod~s -ven thouLt/j 

ro l()r ehJody carnTlt' ,.om Irithe7 fanid/ 
cid, thLuy choose, to igrio1w the warning 

of thte tmanltfacltUICI 1thatthe' product 
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should only be uSed for planting sued 
and iot tor gran protction. When 
questionedt about this OarigePr, they 
freqL lly lrgon.tC that the.y have beerI 
using thfe salti pitni(ct for dill)no't 1(0 
years rid Ilis (?.(!i sickniohothy gjolto'e 

fli it 


Coltc~u. ;i~lLtre 


Co1CIiTOiD 

Ivoild VAn to rrikt jhil cornrir ril riri 
tnt ovrakn/rsr;rttlhi[11 ,r1iic 
iJi:vel))pIeri thu c\".;t-rrsu.rl /ilt I,I 

diroct'o wort h ,f lht[ittli)r/, tllJnf 
tte i territIit l itl(mi 't I i[sti,'litiorlia 

hlbitht, f l ,iTli t;i y, ;er;o fl[iatin 
Ar r ,in o t lli;; Ih'V vir y I)(i
rehI ;h Iitmy, wvih th: riiti(riir,iu i f 
LJlV ISIty Ili Wt ll; ltrIs 
fmnuenlthy t fti ImIIriti, . t,' 
the rs,!ruti' tiirtt; to rtij I(to
nesearch, \%hitr-ihlil i I i i(r iv it 
IS to tutuh 

if,;; d()itrelh s t''r; O lh Vt!ll 

kriovvri irteractio;ris latcphrhel 
bWewi thI, two groups in thiw otre 

developed counties and that have 
contributed so Much to the advancement 
of science and of productivity The ,stale­
hevitl unirv sfity could hd;atvery efficiently 
with locat, specific piohiois, ,oohereas a 
(11ral ii.;trch sY'-tei (ouId 
corr(,rilrate or Irohle is of rgitornil and 

ihOi nei(;)t;e wortld coicoirrtanttyLt 

iq)iov( the cabtii[v of education throLlgh
 
lattice, arnd it the sarri, tirIe nmike
 
govrnniirt lUrldirig imror effective.
 

We Latin Anieicanr sciertists ;Itouild not 
litpresent iirivitrsity probh n much as
 
stulent Strikes and tack of ruriari a ri
 
ritf lh l reSOLuC S, prteverrt tih 
rnrvelopment of aj lonl-term fiLlltfuh 
in,!litiroaship At the' sarnro time, the 
uiri
rriitjoiil scientific corrimurity and 

i(JOrNS sft)Mlld ' ddress the problem of 
h o.V tooltllictir Investment in short­this 
hnll SIIt;iiS t11i/tttrid to perpeluate 
thie rte d for foreigrn assistance, with the 
IFV(tStItit InrI(?f StrItUtirnal development 
t i iltd(trr!tase tdepeirferce on foreign 
assistince 
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Human Resources Development: 
Transfer of Technology 

M. Catley-Carlson 
Canadian Internationa! Development Agency, Hull, Canada 

Thu is ,it oear vo hat ,-; 
('l'' riioirl to pwohil Or W ration;, 
Id ,loqi' 1 thtrt, be
J ain-- it 

iote food, enough forallOt tnimpry 
,iil nI,oil' world. At tuIl; ii!I; s 

'''ii+(1 el*' iiiAOssibl(,'\; 

J)5 do/ini ,;Irsalo 

i io -nlt()jduolt'ii0 m lj( 
iltn" , i. ,..,w,th, !J oulhj 

,ioljtjjr ! , , ;)Iopl 

It tflr 
Ot 1,f 
i 

W ell, slifl;!I , Ir, I Itti , , , , if)',JVthiat 

Ill)tossihit , ;( hlaVt.' *Jririr (ii it, t;r' ii w 
cu l tii \,\/ ,It 1 ti't (JowrlrJjri 

tht!thi l tjv 'l+ : vv (d(,1I H rlttily 

100d I)T0(fiJ~tjj(1I jtl 

ijopth) i jt(m .
i, 

thar t lns;uik for 
l , (: till 

)!it , llpl,)tiil()Ii! 

r: It l(J h i 

twi,tiii cjtllw-ltfini\, w,', f 
io,
i VVlh ital l'., 

(i1:, irliY htflur,/ 
hjt .vi: flow 

klnow ., J arm i t(irij (w tr'kct, thai 
h t rl~l t!
lh + !, f;, :1:1;'' 1 furhof lll )f 

ort (it rct ''iitI lii,' Iio d it 

hiidlt oiiiilrJ tl,,,jr ii;t t o riJy,. iirit1f? of 
til(,ijll tm rlr\^.Plri'ijr, ci Jj o(jd 
ps)v'Jt rl, jr ill';tjjll l 

,unil O1)1ufIt i ifirtiri h tjlr ' , 
rtrd,otlv miivw :;urfw ttunir;nts 
Ih(tlt \'Ilit 'itItiltJ o r10 to ('n.l'e 
iii Slilit Ijjf:,jl;j! In fjjo(J I, capita, to 
tiru;it~rm kh .)otne 6w'njtr 

HevoluIHiivn 


II,) rt.h wr.r!;aiy ( CyM i S 111 

* 

decades to get our global house in 
order -- to find a way to balance our 
limited resources with our growing 
numbers-- before the lingering truth of 
trat vile but veneiable equation, 
cWI MIstiuced by Malthus almost two 
Cit'rtiiiieS inI scenesago, reasserts itself 

frrrint and chaos Are we ISirg that 
lit i to your
( ,,I s110? If (JavO it 
Jij(Jh [lit! questiotns nO\ are,f'iwnt lit 
I tifirk 

Hov5W do vt)s -;iisttlrti. itr('ilt 
rit.:i,:}isre. itia lt Liltur rl rirt, i 

boiht colotjcall' (it uin triirircally? 

11ow (1o we kt*j) this kitd of 
a'I' iogress going, now thatiGUItural 


best oppertuntiies, the easiest 
advaices, have beeri taken advantage 
of, iind absorbed into t110 sVStetM? 

How do wit, ,pwlid tire Guieor 
RevOjutluo to '[h COWittif,.S and the 
(lasses of peo;flk, who havurbeen 
bJ ipas.'ed,hot who need it most? 

Arid, vetfn thu priesthood of
 
agrIuLtLrtal se ntlce
actually does 
COMiU up with the real goods, the 
1;reakthroughs and miracles, how can 
we forge better links between labs
 
and life, we let the results
how can 

out Of thU test tubes and into the
 

ijJ.ui tI, t It'ifl:ct on howv tot rn lelwl;h buckets and shovels? 
idt, atl to pay tributa,to he 

t)toopt' inslitutlions who rIlJ itind thm 
ilappnl l Jul shLoulId he gavyln.! afail, 

m piafllof lhuinks ovury day,
proio 
iti(,iusil it isfIphtniIni j to think what 

.hlp,: otitr v v would 1h ciifwiWJirk 
hia(hlh t h;Ilnt mti forwarl it) 
agictiltiiial prtiluhtrvi'i,iliit iiouibly, 
we havr b(trll sI j pi ;lt ial )f 
tuoi ul,SufhOn'rl. ilt (h irror 

Ina way, whit l: reon hhitmu tias 
achieved ir; that it Jlis hooplh tiun: ii 
us. It has gsli,(! its a cotiuJle ilfprc ous 

lhr topic f t lii;
session is'Human 
f r;O{jurc0Development: fansfer of 
lm:hrology - We niust know something 
aibotit it -after all,each of us Is a human 
IUSOLrGe But the rest isvery 

tohlurrnatical there are as many ideas 
Jure today ol what -development' 
ineams as the nautmber of people present 
itt Jit roon. And our ideas are likely 
almost as divergent about what 
''techmnologv" signifies, arid about how 
you shOuldC, can, or can't "transfer'' it. 
OM thing I'm sute -) is that we won't 
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/90)1 /;1/g
t/;rouqh// 

(ltf 0)((1) 

reach unanimous argj emenf, but 
diversity a viev-.; at least allows us to 
learn trom ,motirwr',, 


Planting the Seeds of Progress 
Hulman IreS(uJ(t,'rs aind tioh irology 
transfer is ,r area of rufrap, wvhefe tio( 
actlvlties of CIMMY F and ot the 
Cons-uita ive r(tri:; Otti lritirtior mlna 

Agricrillijir. Rw,,,si:til ((:t'lxl) s oi 
2 


wX'ol[ O)irltirf il o0 f theowcl.itti ''iiittu i 
Cz~n(til lr frito tr ',r l{)t:Vt r)prjrretlt 
Ageil , 1'ID i ort ioh iSrrJf the other 
InstitLitir)i5 r':ir'-'rilt IlUfre I ilt)jrriCnl 
0 11,lq l '.Sh('Nrl ILr tlrOHW 

)'t OI) ';( ,' i !t t anrd 

tirl'-.Jrli, iC ii( 'V 

/Xfl<1)t,'r ' ,]/ll(';[.
i Y tl( }.: : ]' !/,? .[,,I.'; 


UriS~~~~~ 51 1A /(f)I1 
,0 ///t,' I' /- /10 I/ )
t5/,1riif}l;1 i/l)t'!(, />01,: i/lt' ,//U/!l 

/ (h/. 

tvtjltirf ,'iifftfa [ii rtr:tlNtrlr' 
tWIha rs e W t I ttirinto CIMMY iiili ,id

Irlfirlilti()
Ole rest o f 11w . l rm l t ,'s ., o)f 

JgfiCultual ir:rtH-; rti tll3' ( flttd 
bit- rht)it 1 3 r i)rio l r of Iiii-, (' r ni-
txpaiy i' i , rrm( (INIltr-, ir,)ki-ri 
Car lid~Il, i ,i- jt , tht on ir,[jeIii.-corid t 
riatiorril COriiiith lt) ti) fir' c itel;' cor' 

progarli for i i wf! iru, 
als.o ti,, li, I p -'-ii (of riojI(:t tfiat 

tO i , r''' ii r irNi C tirntry, 

hut ,' ri i l , (( lAR ,ll I S 
roC 'r 

' , 
Goucd 'thu' hj'* :1t' itfits i lt 
th I fh(+, .l ts,!lf, 

/"ilt or+.' ',.'.,. 't 1 ii i~ri'r~rlr-, 

,t(]w orr,.ltton arsitth ' 
cenItirs' v'i l i()r(cti'in i t [) t inI rI 1,itri" 
Itrarly cou tfrilr s, I,3,wriut)'.,t()s Ind 
ovt wtielfri( iij ltfitih, rl t tII 

iclat.vr',' iiithr('; 't ,unsturt , fir:I I5 trII 
CGIAH r>.ci'!'u' ir-r, i.i,, tl 

(tucitstiorn fiat II,, tirii l situ r,, 
irns(lr iti1a., At, () !ii ' itri , 

iowh firn w I'iri it -'vi llais it 

into fruit wV ri,., at frully dtiIrit,:; witli tll; 
kind of Iriut terti irtU-;ti t iriself-
reluui(;e 
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We a!so sue thu CGIA as one of the 
important agents in te broad advance of 
Ihunt Worldt ciiCittic and agricultural 

kriowlodorje z Iar;arIwholo 
rer-oqr'i/' that thifrarl{ [ehCOTrnS
 
t r'i 5(:iifl('iio Vt iitih' s; thain 

5' of Owi- .voild',; wstiw arnd
 
rtevelowrter is fOcui.S1!d W1 i ti( need>- of
 

itm' tirterS( rfhutiariit W1 believe . 

Oihi tilohest wA'iv to ( ttrr ,tt the
 
ITii to CO IMilbti tol tIrt
 
inwrlrorvii'w it/tof ratirOriLi capabilities in
 

irh illjdevrlOt. irivnt throughoiut
 
tri ruil' vVw()irJ I rlt's why tire
 
11,I1l lrl t o f {."lllildJ (':,,iited( [tn(
 

rtrlkf, D,,lk ; " ihi I i ift lP t'ItI' ;S ,PCch 

. (11,( ;rltr, (,tJ., itr',' )I irt ;esto fLnd its 
e}ftirit', Iro; ri r-i':rror it), by, aid
 
fofrt'i 'it:. iliif C{or trit,; Ati that's
,-,t .r 
airso r,,' A I ti w.-:t~ r r> ''hn Crnada hasbo , F w, , ,)f donors to theOw+:fl,11,: 
CithCKn I o'i i 1, i ~ ir 0IO 

I1fI' I, 0I!\; 
yo tt rt i) iif4hi Wei>tt: result 

see '.th!riou iii i i i . ti ri vrsted
 
herr is tit;trainingrr tivitis 'aiffned out
 
by CIMl Y iil i,'it of thw CGIAR 

irnt, I~r " , i~lt( I, ."'t';isIr/J 't l. 
ut, rlrri. Vit.n i t i 'r. 

1hIlrlKit rtwt~ (:v \ aI):
(j ()I <il l(tJIIl11,11 

'It' ,i'hi ri ' I,'t ti h''iri r lptictr
 
iI-iri; irririti-'. tnlhes it I,; i> Lt
 

tllr ItlUr jril tlat fforts- :;oit c i
tr ; 
t,'tit o the, affairs- of tut. w orld. 

I unrderstaird trat, )ver its 2) ye;irs, 
CIfMMYT has providede r grtat diversity
of ttrinirg opporitufIt ies for more than 

'-1000 peorplr, horn close to 100 
0iU) ItI I1Otie rio:i if the trining pricl;hcaf 

fr i ntrjr(onr ! rmorst of Ilretrainees 

sii r-,/()tiri ltjirt!ii0y 'ith ifo int w'o'ik 
.i itut)r ii trite ldhirjri; tI tr r, I
 

ih,.'r.',3 thIt 1,or, illt1 r) 1 of these were
 
ioc ' 'r ''t tniiic )Ir,;itdy working at
 

tire+iiil'JuJlo
u s trifvniliort l gflitjcu tu Iral 
s(iVicesl i surrCh 'tOrItlt S as Algeria, 
Bangladesh, Pakistan, PorLJ, Tanzania, 
;Ir lllurkey. That is a reciord You can hte 

11o itisliwd with, hec;tuset Otev's still 
too( ntirriI to heodi r , it LI)lou of It 
tr erl. (ititt , we l,tir ippr,:'iatr, an 
imiportant step int t)tridlr( tit absolutely 
essential fondatrions of th( national 
igricultural knowledge; systom, that roust 
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bc. crented ii -ill riarts, n' thou Third V ' u; !( 'iOheiatiOn. IWouldi bu very interested 
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We know, too, that the extra food we! 
need must coie essentially from your
work, from giqalitat ve progress aas 
result of agriciltrjral research, ,Ve car'[ 
meet new ne(ds in the way it was dorin 
throUgh most of our history Fatingpry 
new land under the plow. W'vo',, taken 
that approach as tar as it will po, and 
beyond. Prima ag]ricUltural land is (min 
lost every year to inapproprcite
agricultural poiscies and farirng 
practices, to the spread of chities arrrf 
villages, to factories and roads ind 
parking lots, andl to hthsrng for the 
growing billions 

V/c/-.7 i,/)/ i I r ' S ito/l(/ I( (r10-, So 
0 -L/i/, <//(i,Mlhl thi' ' )(, i148 /)ht 
/V1 T( / 1, 1/ / )Elen 

i/i klrtV0Ciilt'f i/ 'h', <,7/I tc.'/tiJI', [/1 

/fl" /'f /, i I 

And the new land being tilled is 
increasingly raiginal, which rmeans 
lower prodt;cviiy , rosion, 
diesertification, ant vironrriental 
decline. As peafrh; :;c:rjrnie to grow 
crops and raise htrrds in the foothills af 
the Hinalavas, of whrri Iropical forests 
recently staod inLatin Arrierica, or in 
semiarid African hushland, we are losing 
ground- about six million hrctara;s aI year
is t~irning into deserl and Wev are losing 
perhaps tWice that area each year fran 
our iernainirig forest. In total, aio)nt One 
tird cit rirople now ive inoftie w,)ilr's 
c i trli'-; COticr }i! i(lilarad is 
shorkimr Iw Orerly possitlel '-lrltlorir1 
thit wi iia 'mmsrr
firrir tlir.(fanrrirr'srtflar c.rcuuit 
iirid, cirirt'ertripper hiarvetrts trn 
IrIprno'V ve d ;iIup'> 

This is exactly tlew iriildai of CIMMYT 
and the CGIAR - to show irshow to 
produce those harvests ard crops. BUt 
the woirl is not a laboratory, wherer 
conditions cari be controlled and results 
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reproduced lime after time- tie world is, 
rathir, a wonderfully complex puzzle­
hoise{ vihere it's a tong jamp indeed 
tiara rause to effect, and the expected 
ri:'rilt of in Intverniti{n rim he blockpd 
ofr ct;iri(j(J hy lf{.e factors tfrirn anyone 

tiild court hy f:tors psycrologiaal, 
l, ii l,(:otlt <rira tl fnltllv;irnn hnafi, ir,cial, 

(clirmitic,iand on mld or 

So ,gncnultirral .i-irc'h onf hird World 
crops is ciitainly essenatil inosu who 
work for CIMMY I orf iti C(IAR, the 
other research certers, orelsewho. in a 
natioril o irrcifflomlit research 

orririzarrjon, arc
winithe ;erse hirrg. o 
w hich wVe (:a :5vwrij )frriitlt fJl or to i 

lthO t Bit t ri's rM e 
to gfttihrri i thatl 
fItLire{. huLf(,tilri 


trnri door thai 

knowig tic 1! wolkslionr 


w mu/-of A(Iricultrrral Change 

to t hVie; we'wurii h , to live in a 

walt-fa;d worlif try ttif 2000,y 2 we 
;eeted to tackl 
 iiw irht lotof ether
 
crucial qt!nstIois tresyf{J'
r ssif;r Ver!lirh 

need goodarsw(,rs toia host cf
 
pirobrlrr 
 ra lh.iri;1wrt '' sircial crld
 

P- a ri[i'I(
 

Fi Instance, Imidnirise, ,s I ar;ady 
sti , is of itlnt iripolric. After 

tie lhrss{rrr crisil; over tiheraf Africa's past
 
two yeaIs, I dirn't thlnk it's overstating 
irir trilrh to sPy that taintrisepresents us 
with a global trirergericy. Bit there's 
ino{ther closely related diflirislor of that 
irbherir iii tire ticiri of0Of arnd
 
(listirihtuorl.
 

As D(iriftilatiori p!iws, tile airuHOiri of
 
irrpilarnf per lpimiri) shruks 
Srirallhldris ar(e ii(fivirtd cinlr the 

chilitril, cach rr:reivinrcf a plot 
1r0 sMll to i[rauntairl a t,/rlnty-Of ale 
passed to the oldest sor, lieavinugthe 
others as laridliss lahorers, likely
riigrarnts to the; swelling tjrhar shu1111s, 
/ava/as; arda ijn/roobar//aswAnd lard 
Ownrership tends to trickle ciias tire 
large{r lanfiloldris, ale to afford tirenew 
technology, ristthir pIrofit(; to illyOLit 
ilhose whose DIMots a 0eo urolall aird who 
cannot afforrt itigahrrln and fertilizers for 
the riew higfh yielding v;irt1laus 



In many places, land reform is badly
needed to maintain sone degree of 
employment equity and social stability, 
But history shows how difficult land 
reform is to carry out, despite the 
benefits it has brought to, for instance, 
Korea and Taiwan. Those who already 
have the most land are normally those 
with the most politica! power and 
influence. Since the landless are almost 
always unorganized and without a
political voice, it is very dilficult indeed 
to see a political solution to this 
dilemma, except in isolated and 
extraordinary cases - sonnet inmes in the 
corn/ixl of aid pfojects 

Yet another crucial i trestion, on for of 
land use and laid ownership, is 
agricultural cr(dit. Again, tIose who 
have are thoset most likely to g.t. te 
large- landowner, pispe ous and 
plunged into his socrety, ha<; access to 
its credit system and can invest in the 
new technology far more easily than the 
small-scale, marginal farmer. And if it's 
touigh for the small-scale farmer, the; 
credit crunch is absolitely f. rocious for 

in d World wornen. Fssenlially, they are 
liit(irrratially shilit out of lhe systeio. 
And yet, they need mri, arid can pit it 
if) good use as shiown by the suCCeSs 
of one of thu rar niiatives in this area,,ii 

Women's World Banking. Up to last 
year, this pioneering organization had 
helped 20 banks around the world 
provide 1000 loans to worren, rnainly in
developing countries. Number of 
defaults? Zero. I'm happy to say that, as 
part of Canada's special effort to help 
Africa recover frorn its crisis, we are 
providing CA$ 3 million to help 
Women's World Banking increase its 
impact there. But so ranch more needs 
to be done. 

Extension is another aspect that is 
especially relevant to the work of 
CIMMYT and the othcr CGIAR centers. 
Unless new knowledge is spread to the 
smallest farrnrers, itwill not yield 
maximum berreliit, and it may only add 
further to a growing gulf between rural 
rich and poor. But extension services 
have mostly been spotty at best in their 
performance, and are often understaffed, 

ramshackle, and ineffective. As a matter 
of urgency, we need efficient systems
that are well enough organ:zed and 
funded to reach the fur::!,Lst ,illage and 
the smallest field. There 11rot much 
point in investing in knowledge, and then 
failing !o make it known-- we should be 
putting as m:ch money and effort into 
spreading the message as vc are putting
into discovering what the message is. 

Community development is one more key 
to greater food production. By improving
education, or health, or the local water 
supply, or training local leaders, 
comnmnity development efforts can 
remove some of the barriers and 
handicaps holding rural people back from 
what they could accomplish. Investments 
inwhat seen to be ur-elated fieids can 
actually boost productivity, as
 
documented by a World Bank study
 
showing that a farmer with just four
 
years of basic education produces 8% 
more than a farmer without that 
school-iy, even where agricultural inputs 
are riot available. Just as there are 
negative 'inkages between sectors--a
 
sick farmer is an unproductive farmer-­
there are positive connections, too. So
 
efforts such as Canada's Africa 2000
 
initiative, which aims at having 2000
 
village-level, grassroots development
 
projects under way by the end of next
 
year, with broad participation by
Canadian voluntary agencies and 
community groups, as well as African 
nongovernmental organizations and 
village councils, cre also part of the push 
for a well-fed world. 

I wIt rention just (ine more of these 
seemingly nonagricultural factors that iii 
reality are decisively important to 
agricultural progress. If you set out to 
change a society, to foster social and 
economic pro( ess, and you
systematicall,, ignore half the people in 
that society, you ust leave them out of 
your plans, it doesn't take brilliant 
analysis to reveal that you are setting 
yourself up for fclure. And yet, that's 
exactly what development planners did 
for decades---with some honorable 
exceptions, mainly among the voluntary 
agencies. ' 
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give yoi mor, inthimice over that 
process, arid partly so that you can in 
fact work delihtrately and consciously to 
bhlld, tFreHi end, Ith,yOMrr inkages that 
atir rmwec d t),;\A-!er agiric:lural research 
andrlthe;most hutjmble peasant in the 
smale;t nrid Ittakes two to Make a 

linkacge 


Stcoil, we ill ii it to sprI(t moo tin( 
hstririj to Iilie tie)tle who ar Stit)t)osed 
to hre thc olrirpct of ill cii d(evelopm;rit 
(efftr; . e rued to establish in oUr 
timnretatle,; ran tirre to Jo into thw 
villageis arid the tilrds arid sr(ewh:! is; 
ell!y hljprirrl Mayb( forevrry 
lJimidd hol:; ';[wl t Ow c hall orcir
ltjr 

Iill hrrs shotld hr
itorlry, Iline; r!',il 


;p 'rt in ,a n;i,;arit's hut oiii a mirrrrrrt 

rrrrr,'r Al:.:r
putci. ;l, in thhewise wonrdts 
of Y"(ifi Berrm, cmi (t ;[srv("Ym ;m 
;iwtil lotjust by wAii nig '' And (veri 
nunw ciri bI byhe trydil(ulnrni, 


or worse, what needs are the most 
pressing, and what help would be the 
mo.'-St
useful. 

CIMMYI now has ia 20-year record of 
irporitant contribtiAton1s to tlJrflar well­
l)eirig, war on hunq(r. ItI were toto tIhe 

prescribe ai ajeiida for itsnext 20
 
years, Iwould say: tirst, us more oi
(ive 

wha't yOU have already jiven LIS, 
resici.ch that enables us to grow more 
food trrouglh better crops and methods; 
sc:orid, giv! tOe devetoping countries 
even rmore help in their effort to 
str(rIth( Iheir own nallona; sy.rtors of 
aiyrc:iltoral res ac' ;m lr( third, help uWS 
r are necdedhild allthose link.ges thal 
Itrrween your eseetch e( thwelhird 
Wold farme, [)vway fill
f thoso)other 
rw(iim(ir le(t (loo(d rrrnrfl ; .^n , flii 
nIrsnisr, 10t'sitt!1r wit NIriring the 
(rnrii Riuvol iofto A fili:a. 

,isl'rriq tire right tustllors to tr pen plieh And it this s.ermis a lit to ask, 
, riusi vrn; i sweldorr hrrml(d, arid rrrCrrIbur . yorrn v ;htirady helped one 
vho.s lives ;ari( litrirei; are most at agricturil nir:acle to happen. All Wfe 
sir whothier things are getting be(tr want now is arrothter i well-fed world 

by the year 2000. 
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Discussion 

G.T. Castillo 
University of the Philippines, Los Bahos, Philippines 

After listening to ine Prsldert of the 
Canadian International Drvulotminint 
Agency (CIDA) this morning, those of US 
frml the hilrd World (an Phconfidurit 
that at least part of nturruitornl 
developmnmunt assitirc, is in Ih, h;inds
of someone who onuimrstands 
dtovelopment (tfmod in thu mrout hmrane 
way 

A/v VIS!P of) / llf 701) /0?,S'OLO Op. 
covo/l )_ It It It '.)/V , ht I .)f ./no- )? [ 
of i ou/n clUl)ucit, (,M I/C(1),I11/ to take 
,-0(1001/0 1prv./. 1/)/Id, hW,1ys !o 

o/) Oh t J,, )S f- I./ I n C, f)I o) t 
!'.: -)L .national 

. .
 .
 

Let rne kick off th dliscussion by saying
that in the CorIsultative Group on 
International A ricultirral Reseach 
(CGIAR) system thire are two popular 
concepts with which I am not very 
corofortable: ( 1 comparative ,idv'intago
and (2)techriolon v tfr.ofsr Purh aps it is 
naivet6 that lives roe the rhiscorIrf.,t, bUt 
nevJrtheless I worIC1121 hlow rrruch of the 
inequality in our iv.rsrr sociutres and 
in the world at lar(JO justifiecthas heern 
wittingly or unwittimly in the naroc of 
cornparaim alvaritoagi Isn't 
comparative advanit g sontiiirig that 
can be acrjLir ed, given the oprortunrty 
and the wherewithal? My vision of 
hurnan resource dvelopment involves 
the improvement of hLriran capacity and 
capability to tak1,alvantage of what the 
world has to offer so Ilal aiperson is not 
in a state of perpttiwal disadvarlage In.
the process lifirrilpiovus hi!; corrrparative
advantager 

As Sodijatrioko o fhu UInited Nations 
Universily itLSit 
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Today the world is witnessing a 
widening of the qap between those 
with ready accss to inforration and 
thOSU lackOI Mnsuch an access Thu 
development process is essentially a 
iuarning process. D(veloprnenl
SUcceedh; whn a Sicit' y as a whole 
and at all huveis learns maketo 

optimal ise of its resnurces throLigh 
thu applicatinon of scru.Jnco arrl 
technology to irpro\vo} the daily lives 
of its citizens in ,va.-ys that aro 
consonant with their basic. valu-s and 
aspimtoris. 

Yona Frier(rman, a well-,known 

irrdepend.rnt aiclitect, says tlat "An 
-sential a)rertquisite 

uconoMIC progirss I!.to increase the 
store of applicable knowledge. 

Such an incruse momars the increase of 
the average Isivel of krrowl dge rather 
tfhan hoosting the sophistil;ated 

sf for a country's 

knowlUdge of aj ;hw ! [)art of the
 
population
 

As I drearr of what might bo possible, 
my adrratorir turns to the plant breeders 

f1hey are rry favorite people) perhaps
hecau tny can piay God i a way that 
I carnot. Their hori/ons are limitless 
when theuy think of potentials Why
cool ,ri'twu look at hurnar, resource
 
developmert in lie sarre v/ay?
 

Hie tecinology trarsfur rodel that 
corIjures an image of afone-way transfer 
fror inteiational i:enters, to rational 
agricIltural research systeIMs, o 
oxtonsion, to the farmer, is neither a very 
accuratu representation of reality nor a 
very attractr rrodel for international 
center-rational progiarn collaboration. 
Inc lrird World environment for 

agrJic ltural re:seaich and for farming is 
not exactly Ihe sanre as it was 20 years 
ago. Fronr what littlle I unuerstand, even
germplasir is irterinationally 
contributed with mtuch of it coming 
from developing country sources of 



divcrsity. Anod no rri,atr how wiia A if) addilturi IC)alt tIflse c~omplexities, we 
ria-tional rcsijrch syst'1 rn triq! t ho, it I asre wmw1ltareously concernod Yvtn issues 
riot aj vlij trvij h-rrth(erriiirui, whent not oly i)fpt(Arl~di ivitv hilt 1115(of 

nh i t Fitlwi1(clr ii iii .';mily1' )Io t i t ,w/'lofil tl iy imteabihlyrt and 
ii iriutii i ljo ) t hr f ttw 'aV'I " iiwI i iirt li iriD ;be iity 

/1tO(~iii rie(:~iJk ily jkii 

Ic ri~~~~~~~~ hi At''t'ccciicj i,t mid~~, iit Aro~cts )ii,1 

i it11'if l"', ofw ;Ii', , fird i, td rm ofici p0111I :'~i il inij ici n iilf rim] 1ttsc 

lIii trny(tOiiii w r ' i 'dry tfffnii vtic i m a o r ith at it bllngrru 

,iut~ttti c!m %hi, I iii lt, iOf iv''- f it;ni dicIit(tu ciminaf uimy e trunt. 

CIiri:,ctutir ,;wli ' ulthi f ' til) w Ii,,iiri~ftc 
v ,(' i f ii itt 1 i ii , ii i 'ind ticriw 

fiip'-to urirmh c't,in iict ci ii uofI 

(11ilifl il ti,i t . Ittil thu' t I tIII( tiil(r t(! lc'uutri' 1icl 

Ocuii~iirt utIllnrIlt. tri i (: tirct i ~rrcilitf1111,l 
tvtbM~f lirith w' ti urw ct t,uchuriicci d 

fit ~tjcuti , 114 i'j ri( (,,'tn 11vi ' j. 

Im iti c itu ~t tct tieD 

(lI/IIOTqljtrn riil ct wat otutu 
tut . 1 It (itinn ff(iurih co eiiitnu 

stifu 

n-l ttrurw;rl n( eliu of 

(torn ol!,tcr tt l~ rt 

]) :vul(curm~ trl wt or 

jtIvijriqccc h v 'ui1it Ifiteetsh s 
ucritruict~~ ~ ~ ~ ~with, ~i,.tcitii ~~~N dtrrl viriu is~ doingictiA~urilC~cii110 

i r 

nu tutiu [mai~lj 

\Slt Iiioli! itj!fii)t dluioiui !Ilt il h j o h !0 IW 1;in o s. 
ty Ir' . , J;tc5fl~lc :n' ';s 
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The CLrrent vocdbulary rims. on- Jo illustrate, onfe( of the first studies donefarim, farrning svster is, farmer soon after the release of the first IRpartic;patioi joint wnlviftis between variety found that farmers who grewthose who di'velol) rard those who both the new and the old varletic'sdissenliite ncw aiirltnitual technology, treated thern differently,. -o the formoo:etc They kev w.Viir(is foovtrmo If whait frey gave afgm;-fat deall of teldef lovlngWe are doing is riot irlvant, it does riot clle; the lalter, frley left prtUy mIuch t0matter how rigiori.olly wr (Jo it, God. Arother toi. inter(es ting ilfti atiso 
of t(he deSii ti keep)J) With what is 
new is reflected in the case of a farmUr 
who, when asjked what vai heoty wasC( u7 i. o')7l a'2(iv , ))llm;] cout)", (WV'Lf) using, replied, "IR20 " Rut whenSI / /qleried,:1, / iDon't yOU haiv( you ij:tc IR20?l ; [N) "'Why arehiown plart hopper

<t,'S.) /1/<)> 1:!i '[ . 
, ,, '/t '",,S ),r / /) ',,,,? 

,S(/hi .)fl() / I hct here?", tIe reply was, "Brown plant 
-1c; nil/,;/~/~ I< It(Jr , fhop)ke ? What's that? I'd like to have it,too. 

. ..i.O l)irilitiii'ii i;:,.t,'niision w orkoi 0lso 
obso)ived thit ftainri who hlvo been
exposed Id a haive iidooteDl nOwthese developrirmts hive far wiraching !eohrio;cr)(,cs jt hiord in- tarmers'itoplicatioits for huirir i s.iOiirce Classes if tire ih)ltic tirmtlhr is tOodveloirriont stia-ilelws 

to 
Iron) lh farorer, olerneritary i-he' firiorir hihuoves thatthe resea-rile-, to ne?exlension we shoiuld now bfe inte(taCliri withwvorkir ito Ili(te olr' ... theakeir fairreis 0; 'Lt vel II1''iristierri of "Lcrvelof
ciIlrv ¢itia 'iwciritifi Split aitfrol. I ' Fiirro ie riotonly interesterd in the
ftlinttis, tw df'\,,,li)rirt irf a fafnner- vvhllit and how they want to know why.

iii(ntilirn ir
o(l'r(i iisl f idrir
th
 
rritbirointl, I ini tirrorstrhri(din aiod ii
,ii 
 i h;it we ajw h)lrlorpi forflow i ilieiri ifilIhi n il r i Otiuirtirl cOiipleriem
i tomary pro:ess of ''frni-er ­tliny/OiP:ii, (iiT,,~' r tiOw riC hrienrifor ir/strusion" into scionlists' elads so thatth(e noxt tth:i,tfir research would rmiet the leeds of 

(rsouiIce-t)oor fanners, muanyThe (-,r q:r d'; oin't;iri of whoriiteatiotire is replete ;au worew Ien, whether ihey are tillers, co­,uilt rrit., ,irrit ii at\'i ;ir:iccot1)1 of its iriarlagers of the farm, sole managers,iiow aridIi()tj nc(Jroij , fiwty, decision-makers on matters thal relateTii lloyrrurt, hut hairdly anllor/one retitons directly or indirectly to the farm, or risersthalt thoologilc' l chinges hajvt7 usherel 
ofr~ 

of technology and its by-products.ifr,ew nio^, s)-clin-based agr.iulturei-(
 

in a vvav th,it iis l;l 
 Imr(nrs to riovrl esoarch reports avatilable to is fromwiys of thir kifif ft r arid riiar jrigc India, Bariglartesh, the Philippines, ind 
riOh !fiiiIi t ii:hini 
Rvoluiia in tarrftie- l-, 

i Gi) iil N(p;l indicate tfhat the miaJoity oifr-e .riiiiet;i, 
 woeln ';tuded who alte involved if)with ;a checki;t'rd uoirru huttceriirul, fanning activities are eager to participaterin re po;it ive, proi ,f'iro rind Iisling in in agriculture related training, despiteits.rutilic air;r. islt,f! '. cIece intrusion" their busy live.s. They believe they cajnirito falnn r' feni's li i tiitnrJsior iii still find the tune io do so. As onecrirrilv i:(ililllnjriwilh old iatCllC;es Filipino farm wfe put it,''Learling aboutarid aciLrrtirirlr wi dorti, enah rltdlr new agrcrilUtura technology is triueftiners to apply the rneW technology. interesting tfhanr doing hoLisiiwrrk." What 
is so wrong abot refiring worrien as 
iriermbers of the human face eiiblih for 
humnan resource <eveoprnent? 
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Strengthening National Agricultural 
Research Programs 

P.R.N. Chigaru 
Departm ent of Research dn(J Specialist Seivices, 
Ministry of Lands, A..iculture and Rural Resettlement, Harare, Zimbabwe 

Ir idJrtssiig this topilc, ihav asstner( rr Sub-Saharan Africa hiQ ;I'n producocd
that I ainie.:ptcrted 1, 'ivt, My a draft document dated JuUne i986 on 
percuptions, lsai sailer oi a d(e'.lonjing Guidelines for Streirgthening National 
COuntry rlittlr rt;ra'hi; al(jrI(LiitUra: Agricultural Research Systems in Sub­
system, ahout c1W i t(trnational Saharn Africa. IUnderstanf that a final 
agricultural research cntr,. a-s, fiwhult,a 
 draft of this document will be presented
rnight nor(, effeclively )ti tlheir at the SPAAR in Octoberisturir 
;tah:-d go;iil
of strgthenlrnirg :rrriatimnal 
aglicultali reskJrclh prorrirnis of 
dtveloprig (co ntries. I riLust COif(jss
fronr the outst, thalthowever, Ifeel 
corituie in this task becausn i behve 
tht I hairnothing new to offer on this 
SUbj(JhirC it hans forrint d the topic of 
(elat;e tInltary a sniirar , workshop, or 
conference arid iLIuta nuriher of 

articles and even book, ri ive been 
writlen about it 

lhia 1atst efforts I a iwarc of in tihis 
rig,(Jir rnlirude the r(.iporttlhcon 

rliscmi;sroris of an Idhoc( groutp which 

took plai:; itBellagio, Italy, in Jaultary 
1986, wh, e futur: strategies for the 
Consultative Group on Interrnatioral 
Agrcultflural Research (CGIAR)in
ithe light 
of tie, Technical Aivtiory Couminttee 
(TAC)Priorities Study aind the CGIAR 
Irmpact Study were cori;idered In these 
di.cusctorns, the reed for refhnrrierits in 
ht! iocri by tIre CGIAR to 
detmIniniI;irtresearch inorities torrliw 
-;ysterr to'wasalludIio 


InFebruiry 1986, I also took tart in ihu 
inflilratons of tIrerInhtitlonal 
agr{Jicultiral r soarch centes (IARCs) on 
farrnuirug systrrns research alta workshop 
held at thri
Inteniatronial Crops Research 

Irstitrite for the Semi-Arid iropics 
(ICFI3SAI) Ont, of the PIu0ccLupatIorrs of 
that workshop concerned the need for 
As to( evolve a coFionrl strategy on 
how to assist national research giOupS iii 
the field of on-farm or systems research. 
Fire Special Program for African 
Agricultural Research iSPAAR) Woking 
GoupLfor Preparation of Guidellaes for 

National Agricultural Research Strategies
 

Certral to any dlSCLSSIoi Of the subject 
of stiengtle lrig nalional agricultural
research programs are two fundamental 
aspects. First, it is recognized that 
national rese ;rch progranis or systems 
are the clients of the international 
research centers and their donors. 
Second, the targets of the research 
programs and projects of the centers, 
and indeed of the national research 
programs therrinselves, are the farmers, in 
any given country Consequently, the 
research activities of hie center are 
supposed to cornfltri,,rt those of 
national research groups. 

In this scenario, each IARC is viewed as 
possessing comparative advantages 
through its ability to assemble 
experience(] international scientists at key 
locations around the world, and in 
moving information, technology, 
gem plasrn, and other materials ac oss 
interrational boundaries. By contrast, the 
comparative advanlame of national 
research groups should be intheir ability 
to undertake the arlaptive research 
essential to ger.eating recorrninerdations 
that fitInto given ocal and specific 
farning situations. Stated in)this 
simplistic fashion, however, the 
relationship between international centers 
and national research prograrns would 
appear to be one that should be 
reproducible by every center in)every 
developing country 

Unforturnately, in real life, the situation is 
moe complex. Ther are two mair 
reasons why this is thue case On the one 
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hand, the activities of tihuc(ntrs ann 
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* 	 The race between food production With respect to diversification and rural
 
and population; industrialization, it is noted tha! many


• 	 Lack of jobs in the oral areas; African countries have the potential of
" 	 Pervasive poverty, ralnrutrition, and meeting the grain needs of their people


food insecority; and 
 for the foreseeable future. Diversification 
" 	 Api cultural diversification arid rural away from cereals is, however, desirab!e
 

irdustralization and an inevitable cup-term process
 
There is a riecn for suJbstantl!

Theso problurns are described inl detail investmet in a(ricirltriral research in
 
by Eiher arid his colleagues (1986) in a order to lay the foundato) for gradual

number of artiles vvritten on sob- dlivrsilication away frorr grain This
 
Sathaani Africa ,enerally arid the research investmentl 's;iolJ he broadly

Southern Afica;, r gion inpartlcular The tliocalicr to fooI cros supporled by the
 
cur rent populaliori gtowtlh raites in Afric, r nters,, those net SJppOrted by tlre
 
i;jrrrg from 2 5 to41.1 and imply ii':rtci 
e , fruits arird vepjetables), and
 
popultion doubling iri(e of 15 to 25 to cash 
crops, lishroeris, rtc. Increased
 
year's I is ratls population growth rate trrlphrsis on ;oil fertility problems, soil
 

s;,i tirwpi-; 	 rcr lio' s,,orr on) food It Vitcr ltI naperi~er inclu(ing
ilr)lies ard the natural re+source base ir jxioin, forestry, clirloip)y, arid so 

states odnillalinirLi w(o ti.-; &iso ricorted
I arn' t at/dr IC(1i 

gri\wth wll uefert foot reeds
 
r(Itirimig lhord oitput to grow atl4 to 5",
 
per year Uriforloatly tinw, vor, Im
 
historical recoril shows thi orla l, w - / ,- , stik nteed fo; African 
countrieWs have sustaned 3 to . ' inriia lCO P'-les to de'vulop stlategies that 
growthl raites of foil produc-tion) !oma 
(decade or rior. As o)ressutlt, ih(rfri, UOD.Gid enab/e theM to expand food 
thew is a stark mald or Africm ounttries /)fdtlL/()J7 Jl//CIr3' l/l.
to 	JIevrovl
p straiteifiis
;I);hat lIh ,riar__ 
thi,,ritio IOl] iri l iiiiiirriu 

efficwzntlv
 

Strengthening African 
lhU olifr Co, iro,rri(; MUMnrtore(J' Research System Capacity
above ill der firom this Important National Research Strategies
pubhmc of ppuilation prowth beiri It is recognized that 6ovt;, uOLr-iyir
higher than food Iroducton There is Africa , eeds sore research capacity.
also the rleit that aboutl 701% of Afria,, Die srnller contritres need the ability to 
peophl ive in Itl rrl areas bc(uISe of lest ,and adapt varieties and other 
thin irehilily of thio inJustriarl, Urar,anm h-mhnologies from regional or 
se,,rvj(:( s; tors to cg(ne, raite ade(p at u I r iatiornal pro(jrmis, and the larger
jobs Abotit 1 ouariter il the piopl(e were can,)ntrI.s r(el a buhillfle dter research 
esiriratet, by tire -oodi arid AgrICLIILjruil svslor lhe' rrhior ltioblhri at the 
Orani/,lrn +A() to be hLiriiy arid moomt tirre, hOwevirw, Is thiat imost 
irialirrira ishrird in I98F lnger rnd Atitarm i ;sealh systemrns, whue they
rnalnrtlrirl inrHral 1rea.; are ca',]sed exist, are in decirrt ari prorttuce fewer 
priarly by erw- or rnot. of the osetu resuilts than iII 	 the past. Indeed,
followinr there are cases where thie national 

research systems often formi a bottleneck 
" 	 Lack of ac;wcess to larnrd for farmiles to in the COrCnunln betwee n basic research
 

prodliue adeqtiate food, and the afanutatoir arid application of
* 	 Low produictivuty of family labor or new technology it the farm level. 
subsistere: fairrs; 

" Drought-induced instability of food Thi luestion of the OIlmIirn size of a 
production; ard nationial research systenri aind the level of" PoVerty pr,,verrts families froma funding that it repJures is therefore a
 
r)urchasing adeuaIL food a tely difficult one
hU on to answer Many African
 
basis.
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riaIionalI r (,,fi sysitrins 2I I sor ) a I 

hiijh(,,r (IMAIiNJI;iI (Iloss
iroportlorn of 
(follrstI(: pr(odutl(1f) ') thlri 'heir floril 

i wr(;fC;(Mi(id e m b I in%;W;iHH s)D: MOf l 
Crlsi(f(2rair)fy' lHirrrirriterrrisif trairiiit 

)i;rsorrlrel res;iir(:ce; tlruri
rl(tt ysice:l 
tfiiy Wwo ?0 yeilr Y,;tit),iiJ() lt!, 

rll(e;rIli efftItitveres,; riv;, vIIh
letheir 

few (ex(ce;ptloris, fi!iihno A Jlirj(rt
1)r lot 

the prohhri rri in n
H i:r IlV' l H l'r(rItnihi(r 

rl lIIIp\)fi ll' 
mri rr!o h> ;rJ;ioi ;Jr:fi 

y iwritl rith) !;iIiirh f1w)
iol;ll pl , 

1,SWS cArlotl he ;(Ilv(!l fly eldy 
[)LJsihirI1 flriuriH:Cif
FIiOri If!Si;0I em;211 
these. sySISr (;tr;It(!y, (iJillily ofi 
n.rsfreilich, 11iiIhirriiit c;JIp:Ily, irld 
firrir ;idl rristrst jair hlihly ,t he 
( rimrro ril 

N l Iitres, pmrt icurIa rlIy frIor i I(Iorfors ;IrrI 
tl c;(,(rrtms,
to rnik. Proiects Iar(jer. 
Ihi;e lre plrrti(tjhly s1orij wh(r ( thu 

;l l l (( ( jJl lc; l iro )wIf I o f I ) J t t 

i'.ir]r](rifirirt; sear:fi
rr2lhi!ri. ry.sttrhas
 

ilfl ifd ifli(r iiirtiIr IIti; e syro; (9:ii 
waly i thi,I" h 2(iviwrylhinr]ciorrr(i:t to i 

t Iii 


lhw('vi;r, (:cufleI (!;l(Jtirl]lir 


els( ( ilow ( )ii111; ilmitlili, 
of 

(;r(iIillij I lv I(Ier! l.'If! (IrISLP;t!uIII systeri 

Financial Organization 
and Management Aspects 
irroricol orq]arI/atro indannri.ii(truent 

aspects rfk; in theirt Llrr(fidortiiu(f 


riitppct on ;2uJri:iwilt.rul ribsisircali luCauJSe 
res(;iar-rhrlr;irlu(Jirs iol(pla rlers aru 

imfirrrrarrl' ti hri !;.c(:l ililstS Yet 
firlrei. 
 ison.; (iftriw riost irnitortrit
 

iiH trl
iVltfh Irturro rsirriti! (:i)llcritriit; itof of
(.filti(r ti(!sii imid off(;ti\,ivriuess 

rrimy Al/,hric;.,ri 


f)iloriIi/ 

f;ji(:irirj i;iiJlitrim;, 


;ut
iri Irt iritrllTi!lrii!i 

witfhin 0we fo r/ irf 1;InaIti rl ln 

,i]riullI rolre(;i: li: tiategi
y is ;rticicl, 

Si(r a straih:.'rrli; riothe iev(elopitJ 

illisolationri sfild inte
but fit irianor;ed 

n1lioriii r i(e:illfti;iI
of eiv(lopri ril
 
strattnjy I ;huio!d he;;in(:Iritird
that rirst 
iCOrIrI utfinrdfrtis i;ririi)t "opfftirriJ" 


p)roqiJrrir. { tiiri iffrrs l tfie fir rr(iir 
to t)(rTI;J(. to 'Jeir'f WfII(i;i rW .1;li 
Interveritlhiris liaV 1i fIW r;OrIIfirCt(ei with 
e:xistingf ;ii)ulhliih:fsi whici lre(srrre) 

r[]IHeirrrii)r1ic fwr -irriortedf," 
 jrin 
which ieq(firr rilc ti)
, t;i~vitoiU; tJitoff ii 
a lt (J;l:tI. rrrakiriith-,itr:cisiori 


process isofteri iiiiifil, SOthe ryiOt so 
bc ause d(firr(r; iie otefn ;ibli to offe(r 
assistanice for irrtiri r uit 
ritirveit(re; thlett!IritiptutIi)ni I) o:eipt 
suc(h;iissi!sI ri(t! I rr thot i trit i [rilitir 
III both rmi)lriwtr irif hrixr(iiiu tirrrii; 
,'hoild lleIih (ut, suruiutile 

It follow ;,irr,:fIrIhi i i,rl .rh iirirr 

(JricItlirijrl; re(!,Iih thIuC, i : 

iost Afrirciv i;iirr t;iiws himiVi riot(lJorl , 

the, ;io,; of ;iuriahlity ;iifjts(rptive? 
ra:riri:ity ale irf s i r'toteirlJir nce 
Absorptive capluIV irulctiri; tfu isseii of 
rfrliirisrisrtv(,-(i;ir:ty Where r(rtirral 

,'lnlrIlsiri2vu i:ipIiI(:rty I;luil id to h 

r(;.s;elihirc iii lir; I-untlrldstohen(2(!1. 

ir(vid.f n)i sv; iilrll(i be used
basi- ti) 

Ill icost -'2f ri rirlr Io
in riiost fitl\', 


i fiive! thi!, ij JIfLiIiri:ily'is;'42ISto be 
rilr(tieof all ;oL1 iicw;;td i'li(/I,-orls of 
birds 

Alri:ain re.euar.h sy;ttri,; thi;refole rieijd 
a(ily frlw(th of firririj fhorri niatiirriul 

Soirie for r'I(JII(:Jn;IIrrtMI ,tresJ L Ire 
preserit lifrn, rlilaiy ("oirtl(ie- Ulti.) ti, 
lhi e;ly w;iy rt ry iJ ii Cirlir 
ajsIstnIrc O, nrgmerit .s-htiill,ifo 

lir'!tli)ril r(JseaJh firls ViiVhl: tillsIs 
Oriiirf)taf)lO Ir tiIhr
i;url tnin, care rirust
 
5e takenri
ir order to i r estt
that sor'h
 
easy" furrds riO
0ot lad to the (distotion

of na; tional priorites, Doroi furdiog of 
r(elseaifof Compcrponrents shoirld always he 
precerferi hy a (,arefoll l.s,;rriT of 
whetfru i (its tfl(! aqrirI(IrIaldir0to 

wlsearch strlate(y, arid row it ;affects the 
whole riafior al aqijriciltor~l srvIce. 

thur pitfallsdofor( of o llflrr to 
date ha bei(r its irsJal short tirrii, 
hoii/on. ft is plo.asi to rioie, howevor 
that thteino(irriillorw;l rorioi comirrmuity 
-s at whole IrtSrOW r(ecoqli/(d !hal it 
will tak( t) tro20 years or ever more for 
ci;rrii, Ah;urr nitirinil ri-s rn:fh systurns 
it) 1w iil(fopdi In ord(tr to rmnike tlheri 

wearik, rlitl il frw;(!Ifr;hi strurcttiris 2uori if(fi ;rmit illi(e~ffe l:t(uV 
)i(rr rll.s ;rljl ain(sfruiilrt h( kept

hiifly flrliistu:d Str.siri ility i,;r luiiiey (Il tho!ripstion rrf f'id i .lloc~itiorrto

(la Ali;rtrrt;ruiltoi( i1:2t10 h rf Iir Ise1i'hi, te frIollrwirr s hresravetobe 
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" Balancing national and donor furds; 
" Balancing allocations to basic, 

applied, and adaptive research, 
" Balancirnj alloca tions to re;earch and 

research support ser vices; id 
" Bal;iriciurg staif .osts with oisnfcfi 

( pt!n'JiLtuws.
 

"Vith rslitq;tc to the list point, an 

oralysit of niost African rroicircl 
systenis siicu idreenderice revuals a 
seemingly in-louil riichanism that, in the 
COurse,of trm, lie percerltge of 
salarie-.ii the ttlh budget increasus 
wihile ton1t of lie norisataiy components 
,(lcreas', this i; iot an easy plroblein 
tO l(]v goverrineIntrISie): Oei(! 
w\Old trlf nWI1dllh (hifi:ltyIII rrlu:ruq
stff lf ,ril y for, ( li s.ral incrueist 

./toe' Mr i to beerl lwrrint ha, 
tJ)li),dAO ls Oii, Uielof tLs 'it 1.-

0vtriloo, r-OwVtv In, ind ost devolopiriq 
f
I 111Itl IC, uI/O rili hrnU on I(Ifeliris 

ambitious continent-wide mandates 
but without extra resources they are 
unable to cater fully to 'he 
agroecological diversity of the African 
continent within the limils of the 
budget l to liiJiriavaiihie 

An important sse W, conider therefore 
is whether t:-e ceiiters can increase their 
effectiveness arid coverage of Africa's 
agroecological zones and improve their 
abhility to support notional ,esearch 
systern!-s through ttheestablishment of 
regional suh~cerilefs. Fts is a topical 
sibject within the CGIAH at present. The 
Internation(al Crops Research Institute for 
the Srii Artd Tropics has taken the ead 
III this regard by settiie rIup regional 
programs in the Sahe and iII Southern 

Africa. CIMMYT has decentralized its 
reflional activities onron farmn research in 
Eastern arid Soithern Africa and has 
trfrbalked en joint inane research for the 

inriuefi opti iiIi ;-iftioi : u na's do roiddle-altitude areas in Southern Africa. 
to 	otlher (xrrrfists-. 

General Impact of 
International and Regional Research 
Most Afri,, i -):wirtists e'otriiz,' the 
liiportarii rohtllaverd by t1w intn'rriatiorfil 
research ceritirs In Afric r IThl 
involverrerit is b;oming incrtieasirlnjly 
frilarlifest. V-he cenhis, however, ale not 
ltways able to lespond positively to 
(lusts eInosorne countries or to 
participate iI certain rireanch projects (r 
CoMiponirIIs funeid bv donors. Throte ,n 

Sritrirhnt of il,sorls wny this is tIr 
C: St, 


rle 
of pr)vl(Jlq r:CO siltlarCy services Or 
hering -,iur:i of technical assistaricir, 

* 	 ( rlt's, do rt s( lthei( as that 

* 	 lIre irrarmln,,tes of the cetJlers are 
often not clearly understood or are 
rnisirteprele:d, so that more is 
expected of th.rithan they canl 
delivor; rind 

* 	 Ahf\!rnor-i;t ol t11e c(?rters suffer firrirci it 

rind nanpowi constrarts that hinder 
them from fulfillirig their mandates 
filly , lhe Ihtenational Livestock 

Centre for Africa (ILCA) and 

International Institute of tropical 

Agriculture (IIFA), for example, have 

Ilne Internatioral Livestock Centre for 
Aiirca liar proposals for setting up 
regioral centers in francorzhone West 
,^.lea and in Southern Tl-weeAfri(.,j. 

regional centers are likely to give a better 
\,,',v to the differentof problems related 
agroecorlogiCal .'orne of Africa arid 
provide focal points around which 
ritrworks cam be estiblisfud -1hese 
efforts reserve ercouragerrent. The 
establishrrient of thn regicnal subceriters 
should, however, he preceded by careful 
plnrinig, a clear perception of priorities 
linked to the availability of funds and an 
exairniationr of the cornparaivc 
advantages of the international centers in 
relation to the national systeris. 

It is generally agreed that CGIAR-type 
centers fUnction best, within clear and 
narrow mandates. The question roust be 
asked whether rrore centers are noeded 
to support national research efforts 
throughout Africa to exploit all 
opportunities for increasing food 
production and farm incomes. Two clear 
gaps appear to exist. Vhe first is in the 
field of such cash!export crops as tea, 
coffee, or co 'n.The second is in some 
"factor" areas like soil fertility or land 
and water management 
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Two approaches are suggested to fill 
these gaps. Fhst, the cicatior, of new 
riarrovv-rrniido,tod cerit :; alon CGIAR 
lines with restoirli fi( lities stiouId riot 
be treated mith dii(hlir 

creat~on of secii;st 1two 

Small, tIli jLJJ!itv ;tift, 
facilities, puilcrt'i pro 
hottlerl 'kirig fti( ' fof 

:c ril(, it' e 
rks with I 

ruiiis, and -do-
c irirs and 

local es(lich ifortv o,its 
ui(rltlra'.!, In SP\AR Prograu
sh -h ie ij ' - ,t:yir 
S.uci gapsi t ',.istret i regionz)l 

IrlstMLtic,!i .r t\ork-
thot could 

tilti to fi tle tl)S 

In ci~ ril,tir v.itihiw Iitter pont, 

.j 

be 

h~iliihrfl 'rjiin t',ihiunr~i snl i atn ( ,orthrr 
SOutfOi ii Afri;an ('nitr, fir CoOtii' hcir 
in Agri:Llwi' hisno,.!!( o (SACCAH) n000d 
to bhe 'rcoiir;tiqjt this (f1rhr'atldir '*yJ5i.­
stilrttJ It thth i1t i ittOtiihtrnirio slates 
of tOw Soilthorn Al', D.'o(.plrort 
Coordinricii Corioft rwt? ari(rSADCC 

has its hn adf
oit;rs It,lotsWna Its 

director 1,; nj ;cintist(;duc:jtoi
.(trjor 
from tho retgionJ it11 1Il tfln iecrtors of 
,riClcltUrtf i i : it)ttrio niri 
d',Oortri i,lijloettj t, tirnn of 
urivnrsit,,'I ini iltiiu fi: tl,; Irld two 
directiors of t, ri (tens.ro 
S(rIrvId( hS, rito ; of its)nard ()I 

;trustees Fl mralojf f ti irr if SACCAR, 
V'hich hi:; ci smit! >1 ( rot( ,ll, Isto 
furtfhr (iooui 'iti I turfltifimii n a 
re~searerherr; intI',: 5 iC(, ithionjh 
seelinairs, vorksiotoi), trieerign;, 
exchati( ntou smal reseiarch,)hcjtiiris, 
grants, ari;d tiivu fIril! foro r esarchers 
to visit other twi Io ; ft.i(eion 

ConcltsHyr 
hIn t e pcn:utringj ,It, of tIN , lmlJt I 

have attufiit,( to iilhtoil(~itwhat I 
, 

considur to , hr rtiIrlissIes 
conornwd ;ItO agricultural>trentltherglo 
resear(:h [) )(r riiiIAfrica lirro ,are, 
howi!vef, a uoof other ssue,; that I hlvf 
riot tIt ild ti eIr trlhIss I hlhVe 
that the rrosl irinorltnt ISSLIe Is thU 
developrreil of a1niatonul agcrictJItural
research straitegyV lhat is hiked to a 
national agri(ultural rbwvolrpment plan If 
.uc;h a strategy in;formulated in a 
realistic fashiour Liking into accotirnl the 

totality of the piobleras that face the 
anriculturail sector as a whole, then all 
,the sMallr aspects that affect the 
developriorrt tf m officiont agricultural 
rsearc't S(rer Wolld r '(esitifallyfai 
intc gais In r;art i,ir airi refutrnng to 
th,()lelnentatio;l t o d w o ovoliy lf) iiate(Ih 


ooli(c:l,rowork hit would allow a 
tjivtri har - vsloro it h v(ethe 
fOliwirrg : 

* S Irtli ii iMf)rI (-;it (iv otji)e)-rrfTl 
i In d he r.i ful igr t inoiLidinif.: 

rrmia)ijpovv r illlr lit! jjiJ irfonivl r 
rulmiiurj this,t rirlmi)cv ifiid 

lij 
!wonic> 1run~r i hitiitis, 
Str irhi aqi t 0 Is 

rihI 
I O(, 'riw rrdl i oit(i the 

hiti'd~olhit llof O .rhl(tiui:itrr l aid 
(di;Ii sin(tols 

In thils cOrioet'Iu , it I'; nlsd,-iSm to note 
thit fitorrnationnitd 'e;ini,rteis arid 
tri! donor -orirurint, are paying miore 

aittention to those 1t;-rnlurinirthay 
activities of extenilon, Information 
disseniinatio, aid strergthenrng local 
agricuwtfltural faciUtils at Lhuniv!iSitles 
a'nd linksti t'\'iit hese facutieCHs aid 
a.iiclttriil i oa,;ircfi syste-; s there is 
no point in tnnildij i r er-;u,cr'h capacity 
that is nonfurtir iOflil WCilnauS it lacks 
SLICh links. 
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Issues for Institution Buildinl 
Let me begin by asking: what iii the 
key questions we need to lo(i,, it in our 
instittrori-huilting ffort? Whit does it 
take to rmake; it sUCCeSSfUIl research 
systerr? What a re:he rieeds; of NARS? 

As Shahd HLusain Miti it Ol Monday, It 
take.4s four b,sic miredierits: 

" 	 A concept j clealy defined goal and 
strategv, 

" 	 Money theftsOil CeS to address that 
goal; 

* 	 People th scientrfii capacity to 

conduct the pro rains, and 


* 	 Managerrierit th tui SltilOnal 
Capacity to orga trhtze system,, to 
develop a cohient progani, an toeffectively utilizo availieh resoturces in 

JUrsult of tueit goal 

All four are importanlt They are 

in(ere-lt aid arm oa 
 can constitute a 
S(]eD :oinstrairi fl mrnlativeIhin 

iripO i tC rirf: to (rerJriqg., oveir tirre. 


In tOW yOuLrn(ii re.ser(Jc systerms, 
partictiirly tn Africa, all four tend to be
in short supply VWht counpli(;ates things 
even futliLer is that ti, growtih arid 
evolution of NARS is generally 
unbalanced. For examiple, thirough
massive training efforts by the IARCs arnd 
olher organizations the scientific 
manpower ease is developing rather wel 
in some countriesl Ii Africa, etven the 
share of Ph D s in total staff has in sorne 
cases reached levels cornpatili,. to 
those ii Asia and Latin AriericIi 
Admittedly, the siertsts are, yourig i 
and less experienced, 

The rrain difi(ulty,, i owever, an ses from 
the lack of rneceiss,ary operatn 0 funds. 
They are riot growing popei ronately.
Although the flow of donor funds is 
impressive in some cases, it tends to be 
directed at capital investments. And, as
Philip points out, ii the absence of 
operating funds, even good scientists 
cannot do productive work. This, 

combined with a generally low level of 
management capacity, accounts-among 
other things- for the relatively low 
productivity of many African research 
syster s 

A nUMbur of the 0or, rialire systems,
in Latin Arnurica for exarnple, are 
presently facing sirnilar problerns with 
similar effects. They have built U1-over
time a solid scientific basis, a sound 
institutional structure, budgetary support
fror national sources, as well as 
iranagernent capacity. The pioblems
 
they me now factrg are financial:
 
instability of support frorn national
 
SOurc(.s aid serioiis fluctuations in
 
funding.
 

I need riot elaboratt- on the effects of 
this situation. Tley are: 

A serious iJistoltiOrl In the systems' 
resource mix, with the share of 
operatirg funds declining in sorne 
cases to levels as low as 5 % of total 
resources; 

* 	 The resulting decrease in) the systems' 
overall prodCictivity; and finally 

A serious danger for the systems'
scientific manpower base. With the 
best people leaving for more 
productive job opportunities 
elsewhere, the system faces 
degradatiori or ever disintegration. 

An Action Agjenda 
This introduction brings ne to the action 
agenda for the strengthening of NARS 
that I suggested for discussion by this 
audierrce. Philip has given us the 
eleiMents The (uistions I would like to 
ask are these: 

* Do we agree with the issues he 
raises? 

a What about the relative importance of 
the resulting tasks? 

e 	 What could and should we in the 
CGIAR system contribute beyond our 
present activities in support of NARS? 
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* 	 Should we rethink and reorganize our 
approach to working with NARS in 
order to better meet their needs? 

My questions obviously go beyond 
CIMMYT to address the CGIAR system 
as a whole. CIMMYT is one important 
actor in thi:; area. And, as Don 
Winkelmann has told us, CIMMYT 
stresses partneiship with NARS in all its 
programs. 

Before sumrnarizing for YOUetoe main 
elements of this agi-nda, let me remind 
you of four irportcnt trends that we 
need to keep in rund in this discussion. 
[hy weie liqgeid in Philip's paper and 
also cait O Lip (tiring li. discussions in 
this seminar: 

* 	 Changing patrurris in demand fo 
technology. le NARS n.ed to 
reorient their programs to address the 
problems of tomorrow. They will be 
different. Ed Schuh and others have 
told us why 

* 	 The increasing diveirsity of NARS 
riods and pot(itnlials, hoth armrong 
regions and wihmn reglons. We shall 
have to face Up to that. The rich get
richer and the poor get poo :r. 

" 	 Commonalities of certain issues and 

orrems. Particulariy in the areas of 

research policy, organization, and 

management, problems tend to le 

similar among many countries, 


* 	 Flows of resources to NARS. We 

need to he aware of substantial 

resources flowing to NARS Philip 

rightly highlighted the issuies of 

absorptive capacity and long-term 

sustamabilily of NARS from national 

resources once the flow of aid is 

over. 


Turning to this at(tnrta now, l(!t (is first 
look at the action reijirments of NARS. 
They are the key particilparts in the 
evolving global partnership. Their ,eeds, 
poterilials, and problers largely
delerrine Ihe Centers' response 

Having listened to Philip's presentation, I 
have noted seven key items: 

* 	 Building national commitment to
 
agricultural research;
 

Developing national research 
strategies; 

* 	 Determining the si/e and orientation
 
of NARS;
 

* 	 Building up the scientific manpower
 
ba se;
 

0 	 Setting research priorities; 

e 	 Increasing the productivity of research
 
systems; and
 

* 	 Building linkages and enhancing
 
scientific collahoration.
 

I will provide a biel comment on each. 

Building I?nol((adl! comfmitmen t to
'(ritlCltu,/ resexrch is, i inm view, the 

" C'_ IOfl-te '7 SLICCSS. 

Building national commitment to 
agricultural research is, in my view, the 
key to long-term success. In many 
countries this commitment is weak. The 
role of agricultural research and its 
potentiz I contrioution to development 
and prog :ss are not recognized, 
resulting in low political support in terms 
of funding, excessive reliance on external 
funding, and the us( of easy money with 
all its consequenc(s. this iicans buying 
irnns and postponing the hard decisions 

that many of the Asian countries took 
long ago i) their times Of crisis. The 
IARCs can help in addressing these 
problems. CIMMYT has played a 
pioneering role in this area with its 
research policy serninar program. 

[re development of national research 
strategies is closely related to building 
nalional commitrmrrt to agricultural
research. As Philip explained to us, such 
strategies are a key factor for success. 
They provide a rational framework to 
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guide the build-up of research campacites; ior ties into relevant reseiarch prograrns. 
they detem-ine the rnar thust of i wi!! kead to hetter choice. Ajai,
 
programs, they prde thw use of scarc tfiIs I,; im area tn vhich CIMMY i his
 
resourCes5; al0 hy prr le(l;I f1mrHI,')rk rleri(IIt corrti/htiorn imd 
for 	 chanrelirrrj (r:-terrijj io.rrLrcet; to oricsrrrrct)yiItl cirritrtlo soe to () I t(end 
areas Of hrli1 na :t'ILrl Inrl( itv the, ht ;) to tetret with thIe hle reid fy in 
to avoid the r f f dl ,;Im tmrls !n1li Scimh For rr 'it, ,Ibo /r ) ri h) ti, ; in 
Philip so .O lto srt)V r if(th-,fiti Irlr;rl or l.1'0 
rOrrey 1i-5Llii) 

Iri:li-,ir, tir i t of))f suirch
 
Irncl(trrr )irir (o! indr(t tirr of
lbt;;i/f ()ri(rv t ) - s. [ Ir} tirrt nr t I-I(.nrI lt lre 
NARS. Irrrl riri) v'iiti, (if( irf k', , i rl'',r'f 'i irrr(IrIrpOO(i

SySUM T)S I Sg Ir1 11I I t III 1 :lh ! (HI) l Il~ ( :()tI::~ P 1111cittl v i 1 1(( j ;c ItoI I .0 yl( 

+
made it ch;Iertmat the hillirtI, ot ftrt ' v' r tlfl wrilpt!r ;fitHcj. W e 
research op rim r e (JlJ h i Fr ii ( I i 1 ir;i i rr), iiti!tiUsir:! 
rle] ; listic t f vrit I.' 'i, i tot of 'i1rvv I ti 'i im I%i1, tiiiiw',') 
jtrlolWvil t it/ h- eti;tml. Ifri ro tlm)lhi WOtrlr riotI! rtn t 'i',r; I-NAP), 

t')I ,I tStLr H c(a !iA ( ()ft;rrt II:11it 	 rltrch i ;a i , l fi( r r()l In tro 

(rInhttrniu,- far Attlion It 	 rrrrtfiwririm r ~ ,r1wt diw 'el:ri/itioril ansi 
irnd staff itrimrol tfit 'hrl rtmt 0i, rrniriirfirriert raptr/itls of NAHS. In 
r lmn f: ' ilit t)iti'i r 1 rlir .r )irit rirl',' 


i 	 rim.rii, Iimr'' lr't (:rn d J r f, rr l)thlLICtiiS 

nI):()tr))/) th! itll Sm i rtr Ohf ';Oritia r r of NAPS to if t ,, , olrr uti-' 

at(Ici)hild l )SlSrt ,rtorii(m rItmport(i 
technol ly Ccr Iretral',', w a Iomfr i)) Pet1t plirrIrnirlI nitl ',ntIrrniirTiirI] to 
this rtesp n r: ' Iir,rV I tIit r t*.'htm,iri tlw hvx lnc:c of 

I nreedmr( li tli! cr: ifii irri e 0 M owi,rn f r 't ,. < ini 
Of 	 ulildlr i r irr(.() rltlr,,( sl/ly iip(;rIordrtrltii rirrit '> ) , (3(lI systemrIl's
 

,Ir iti, rriifi r ibiis of r'm',)i'' f;h ind
ii; mlrimvj NAR S .,- 'nn, sthions.
 
Wihi (ith (?r ittr,rm(rirriiki,md hav;
 

-
rrrictmirrb)m t,mrt n:or rbtriton; to th(f l, r'; iriolitwr art) 0 wthicr riost
 
thiim tierrrs thi a r:it,,r (vIMMYI ritly
rriniticoned abov(, Isthe i;Crltibrt, rromn 
arta w'ii) i tlhir )rritr,ct Is strongest. in stiitilrr rririr rtrr t VV(, at ISNAR 
And, Iookinr3 ;inirmt(I we have hea(d ;l, ot (:oncr.Iltr;tlro mii pOr t irihtse; 
at this sc.rl r afrIOtJI CIMMY T's ptlans to iIe';j 
deal mith the emviqlrii needs of its 
pati ers iilrrio Il r ';ri i irllifi:iri(j sc cIirrtifrc
 

cNrlrriurrm iVriS,! :hfir rtrimIt W"
 
Fhtnrim!ni fitoo ;arly diufirr (Ir,rrtniii ;i t;il:r;Il i h i,yll ll ; sicm(
h rf I., 
plnl tli));to iir thum alt ith('r oif ',(afiril foil irmprrverriwrtl, imitiii:rlirly ret(ja diri( 
r sotur(cw; i'.o!)viO s,yet thr, is;i c(llab)iiitiorr to i h(Jri,i'irrnl tfml)v,)irrri)Jj5 
W0('imlikrlifSs iririret NARS f re NARS. r rtloried[Hi., rikejs Philip liu two rrim;.irs r)f 
thermr vlrer'rbir ; i()r;:x;rnal irfl'!imruCims hiir;virIq tis;: iiv( t; rl)J;iriut mi wsilrcl 
rind distortionis iII liiir r)rr(jrtris Also, rievt orks )irld <-imcirro lr l v;llritrri chsiniJfi 
riost NAPtS are o for tir; IlI(? Afrirami tc, forii ;qiiri)o;d is Srrirt 'ift) 

nrirch-rotde d itr h,i with fiih! policiy (oop(ertiori in Aitrlirtiiiir;ii P i riml 
sirtol. t,!v rlrt!i (I tothrid IiIr their ovn ,SACtCAR) I trt Ihirl, Ohit !,()h 

istIs !rcoll(rlln. i:h iini ln (mOlllltlhl t J'r 
analysis [fiur; i; tiw,frrsiefor i two-Wry 
Ca 	 it IIr irim policy r CrI tilritiilty 

t; hrlIinn tiprtlrrnil f;rtrnltitim. Iie 
flovv of ifiOrii1trori. irlfrllriri tlrt iJrIicy m rr)iins vvhtre ), tihe. stiorgurKlJrcvidl 

seCtOl of altoirrlihtve h;cirr(r(oyj' Otion" , AP .ari r'fctrvt'Ily a it, tri iWeaker
 
,iwd traFaSlaturi nrllral d;v(Jioprnerlt ones, while rt; ienIcO t1r1rwfa1ring In) 
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the process. Through its involvement in 
CONOSUR (new PROCISUR, the 
Cooperative A:fricultural Research 
Program of the Southern Coe) a nd 
other networks, CIMMYT has 
considerable experience in this area 
Undoubtedly we in the CGIAR will wish 
to contribut furtherIto promoting such 
ventires. 

Let us now focus on thwcenters and 
their relationships with NARS. The 
centers a.re ronakirig ipc,tatlnt 

contoibutions in ill seven areas I 

mentioned, Ihinor g.ejral tetrns, 
 their 
contlibutions mr gerrinplam, research 
procedures, collab',u r,:,,rirhtllVi 
technical assistance, tilirrr, policy 
analysts, and rrrsttiw,(j; )jidinr (in tlo 
narrow serts"r) J;Lk tr(igtt th s5,I 

contrirtions itewidfly aick,)Lwledgled 

as tsefii for ;titqhin(jrrl iltlioral
 
capaciaties. Cener s $ip[ irolicl
their 
collaboration v.,lh NA .Sor) i,i),rrtrhip 
basis 

Future Needs and Demands 
Looking alheard at fluture e!ie-sarid 
dfetnands, Ipersonally think that NARS 

are laring up to the challnriges facing 

thten.m ie gtiveiyet two) ixatm)les
Let 

The first is the evolution of the Centers'
 
training programs. By decentralizing 

training in the dnvi "trarn areas of the 

reseatch pro('ss, Centers respond to the 
massive needts of weaker NARS. At the 
satie tine they continue to cater for the 
needs of thie mOre advanced systems 

that requrre iramiritig in the tpstreartl
 
areas, close to hio cuttig u(dge of 

science. 

te s critid e'xitmpl, is tre ove, 
lOwards a rrtore irrnir ated system Ihe 
Ceritcis, formerly a loose federation of 
individual irstitutions, are moving closer 
together, are joining their forces, and are 
airnig at a Cotitmori respotise to NAPS' 
rieeds. This is best illuistratert fy a rtcernt 
center initiative to eslablish a vorking 
group to study ways aind rearis for 
more effectivly responding to the 
pressing needs uf NARS in sub-Saharan 
Africa. 1fis is clearly in line with one of 
the suggestions in Philip's paper, 

I would like to make a final comment
 
regarding NARS expectations from
 
donors regarding their contribution to
 
institution building. Philip flagged a
 
number of issues related to this Subject.
 
My understanding is that there is
 
progress: 

The Centers are 	moving closer together, 
fnces, 

--
and are aimingore JOIning theirn 

O7t a comnon rFCs/o-se to NARS' needs. 

* 	 Trio need forlong-term support to
 
Iistitution noilding isbeing recognized
 
iann donors are gradually id pting a
 
longer term perspectiv.,
 

* VteiSSue (tfdonor 	i.'nflJe'nceon
 
rational priorit,., will gradually be
 
solved as COunt/hies move to long-term
 

planning and establish a coherent
 
research strategy;
 

The pressing need or operating funds
 
isnot yet solved, hut increasingly
 
recognized by donors there is some
 
progress; and f~rially 

question- qle of donor 	 coo diration is 
rece,,.g itinch eIntinr t,,r,days.
 
Relevant exart ples are the Special
 
Program for Africm AgriS ultural
 
Research (SPAAR Irritative as well as
 
donor consortia at the rational level
 

In closing, let trie pay tjihtit; to CIMMYT 
for its progressive al)ptoach to 
strungthenirip national piogramns.
CIMMYI has all along stressed the 
corncepts of partnrership and 
curopieniritarity based on comparative 
advlagrt It has been close to national 
progratris and farmers, as demonstrated 
by its on-taro research program. I know 
we still have a long way to go. But I arIr 
confident that CIMMYT will continue to 
be among the leaders in our joint effort 
of assisting NARS in building their 
national capacities. We, at ISNAR, are 
proud to be associated with that 
process.
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CIMMYT Research: Extending the Gains 
D.L. Winkelrnann 
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Hallmarks 

A-) CIMMY t annir li friOiia IO11t 

Ro ,.rIii hoio rtiii fi()fl'MK;icariresiearch 
ffort, ntJr 1ff i'I I]6t6 was made; up of 
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practitioners sharing the same principles.
 
As at its beginning, CIMMYT-s
 
oper,tIons still n1(se iduas.
r,stol 

Second, throughout Our history we have 
tlay(Ai (Ur l t) conce.rt Voth national 
oi those prorjm ruw thetrograr)s riis 
Ccrltf r" cihents. We sew oolSihlves as
 
id,n fo r c o mrp h ( mri ttii q!th ei r w o rk,j~pe ts 

thfribhy fhclltitlt il( lh efforts to selve 
ir riiw cleits, the farmers. We do 

limt by pioviding riitionil prograis with
 
Iernir)lis , Iraling, esearch
 
p)IOCeu reJs,',:oolfls[d, tiid M fnfo ia:iorl. 

ithird, the C(ier is rucognii/ed and 
tlito aldS bietin itibove poltiic . Over the 
years it Ins always et'ipoii(hd !o the 
neds of national progrwrrn without the 
limitations lial mighl have beer imposed 

by itsindividua-,l
doniotr Ntiorial
 
h )oyjill,;hive hi cogniedl that
r)() 

stai[e and huav; 1lOrtservatlions about
 
sharinq Ithloulgh CIMMYF Or about
 
CIMMY I's willingn.ss to shai it with 
thlem. This evenhandedr",s:; is ,a
(.oninuing CIMMY 1 fahinark and the 
resulling triuslis one of CIMMY F's most 
vau1i(ed assels 

Fourth, like otiers in the Consultativ 
Grotup on International Agricultural 
Research (CGIAR)system, we see the 
clear advantages in the long hori/ons 
and sharp foCosLOf our research. ihe 
two conibine to bring palience and care 
in the pursuit of welluefined iesearch
 
themtos. hat blend contributes notably 
to CIMMYr's stLcc..-ass, as-;it did to the 

sses of our preclecessofs. 

Firially, evolutiori s to beour conltinU 
corniioned by a conirn iti-rient to 
multi(iscifliriary research. W e see greal 
arvantage in the combinilg of 
disciplines, practice itourselves, and 
advocate it foir liationIral programs. 

http:willingn.ss
http:conce.rt


These, then, are the characteristics that developing countries. With higher
 
make today's CIMMYT like the CIMMYT )rodectiAity from new technologies,
 
of 1966. incomes increase to those who hold the
 

lind, labor, ,arrd capital of agriculture
 
Impacts -lighef irrcorries favor added spending,
 
Yoi will al krioVV of CIMMYsT ; which irreirc's s;ill rroee sperding by its
 
suhstantial ConrihotierbithroogJh ricipl rits An(ihlteIrt: iniliates th(!se
 
getnpla.rri soer-e 70 million l(ctar es riteiri(Js of (JrowfII. 11hris t)eiceptiolo, with
 
aI Ctineritly Cu1vilt W11 viJeJties frllpaisIs orl riletiiC! )rodjctlvit,',
with its' 

felated to CIMMYF rid Its p e :,,implir' ria. inphcations for the ifllocatirin of
 
efforts TOU rray riot ht i-;awafre Of rilrr ricjl:h rehsotr(:ws, irpli:atim(is still
 
other coiltbtiorl; to dievcplrpri lt( exllorod h to(ila's research
c:ounrtry inn 
agricoIltere Sorie )1000natrilil irorrarri rlljrlarajrs tJ Lc;ritrri(i; Program vvill 
HjSe.ar(Chir W'Irer elfe(tily)thans ifther oaur el. ;;Mrllrl (if rOfse 
to the arch killsl(girirlI',ier,;ssriuJi.J rulthonshlrps
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those concerned with tr(.oriln(r. flef(rtrv- folr;i-Vti iririti)'s fo 
d(evelopricrt and its t)oh(: Ifviri 'i; far rrrei 
the!potential throuqlr sich f'searr rr 
these de isiorr makers are ev(i irrrri (IMMY I i; f,iri tv ;atterton to Its 
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r Iic 	 irlmriiratiiirf rircujii i(ri.'rrn ricits, 
iril lld ct(i)ri' r rvir 

denviopi;riiwril Iran; )viil'ii lII i) - r ,( 'i I thin rir)itmv'! 'cr/rn (if ;(ricrl Ihisr l;tini 
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ijr Iop rn it i nrwrler
jiiruiniiagst 

to r irritlif rriod,i(w i thin ii) i( i nton 

r ,,fiit- irr0]snu, .;_niinoititfm;iun ii 


rI rt , v(, rrni
yn rirvr 

0(I thin)r l iho iutfir fotlnt to vvic l 

C IMM Y I SfnI IIIf rt in neIw sceIence is0U I r 
nIirr n ( I nnIti Is.t ,W eI IIJy tfrrr 'II irfeII treioII 

WrtiI; frnUVinr)r, 'NO are i1101 tool Users 

frI I trii0 0F:!,l Se e rirstriber;1 oirOfl, 

rwi;iinrn :fialt IMMY -is ible to i )poV
 

nelV findirgs i prl. plantt
lthe ctice of 
f(ilrtrlq rH ,stest Jeecoh.'se apptlicab"le, 
tird We itecogin/mr , bjeyocn ic i. t 
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CIMMYT's own requirements, national Moree "er, regener;tion is sjill more programs look to us to assure their art 
an 

form than a science. Until these 
access to the new techniques for challenges are met, the techniques
application to thfir work. related to splicing have limited 

applications for CIMMYT. 

fhere i rIIuch to sulge.;t that we makeL/O Io)Koq/ii [ill, L) (1/)1~fCIMA, 'Yfl' haSte? slowly Even so, I arI impressed 
(OV'f I I It/I fl IIH, I 1K/c)ff/ /)1 (/fff I hby tile commitrent thal major private 
/(; :';'\ r,' ) ,'- '/' 0,1( //( plant breeding comiares are making in, ' fSH [( /. . this field, with some tepuiting as much 
I)tj/( / , (c/ tt lb.' 1/-I . 10 to 15% 

. . . . .. . . . . ... devoted to biotechnology And, too, 

as 1'/f of their research resources 
we 

arc Mindful Of Thorras Huxley's
ohlservatior that "a cuslrialy fate ofOr crrent collaborative work using the oew truth is to hegin as herSy arid end 

new tools of plan: bretdinoi focuses on a supfrsttorl" 
tissue culture, conccntiatlg on finding 
new ways 1o filirltalri and multiply the As tiht ,:horul;s claimris, it is a fast-breakinghybrids eilgirg from our wide cross fiela We !most orgalize So as to ensLue 
progiamrs; on calluS work to induce tfhat we know which developments arechruirmosonlal Dlikates arid relevant to O01 needs arid can move
electrophoresis o identify the extent of qiickly to mccoiporate thern. This will gene transfer occurrinq through require riot only expertise in the field of
intergenmic and interspecific crosses biotechnology arid a recognition of theThe work currently underway is aiied at practicalities of converntional plant
hringirig triits olt of wild relatives into breeding but, as well, sufficient
riai/z ind wheat Oar special concerns syrrpilthy and famillarily that al
aie se.lected disetijs arid stress atiqrurLte d siplj)ly of science finds a
cordJitioriS ltliese offert; confori well rt~spornsive derriarid The steps that we
with the optimism of Profssor Frey. are laking are designeed to serve those 

ends Like Dr Evans we see a continuingAs we see it, ore other major new cential rol', for conventional breeding
technology appears to be applicable to and, to the extent desirable, we want toCIMk, Yts work, the use of /,0rne piobe., augment its efficiency through relevant 
Thlqose culdj K, soed to screen large new tools 
amounts of material in the laboratory,
reducing tihe need for large field Germplasm
experiments; for diagnosis, such as in As in the past, germplasin will remainascertaining the piesence of a virus; and CIMMYT's mrator pioducI. Our work into assess the success of efforts to gerrrplasm developrient has tended to
transfer alien genleti riatielal. Arid favor the h)etter envirorlirts of
pe0rhafps, ILuSt peLhaps, we could becoirnikr deveIoping countries. This is most truethe reposilory foi such probes clonesor flor wheal, where much of the attention as they iire developed, both by ourselves nit the past has been on well-watered
anrd by others around the world. areas. That emphasis, by the way, was 

quite appropriate given that some two-While TiLIch has bcen promised by those thirds of tfie developing world's spring
who rtIrSij; the appliiatiors of new wheat is grown in such environments
science to plant bre(,ding, there, are Most tropical maize, on the other hand,grounds fot cautiii. For example, is grown in the presence of significant
although genes can now be tarisferred environrriental threats, with the well­
and spliced, those in maize arid wheat watered areas suffering the irerace of
have riot yet been rmapped for function, disease and insects while the drier areas 
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encounter the dramatic effects of 
drought. Overall progress inbread 
wheats, dulrul wheals, thal/n, and 
triti-alt:! s ranged from remarkabhle to 
extraordiary And what about the 
ft Ur 2, 

Itlde(Julrnf( the fri)If;sis o5 th future 
we miw;t keuyjive/ the imortarice of th, 
flvored ewiviiroeritm s whte, oriSIsterit 
with the, 1986 ttechlical A(visory 
Corrirnrtte (tAC) Priorities flaer, we 
cJter mow to the rneuds of the moe 
(liffico It enviio fir rtS i Ini IcjifIg or liw 
riativt; IiilhtjWInCl of each we! nust 

irit t tilei(l afot:; orni difforilg 
ic(iorimiril; dfv:Ililmit ofAr\\' 

twhrmili)ijIws, erilhiari(d l)rodttVit, arrid 
i:rt )(!i iiiCorri flow,, along ,with the 
)ltihailhhI if acheVIII reSolt:; 

As we v'tw., uolvi wll
h,(!irearch,vt 
Waterd artias, erriplhsi ,vil be I)i:t(d 

oir)liairlirit the jairCs achieved Mor 
itlentv, arid other thlii(is being egiJal, 
gretiler attentiiri will to givtnH to 
ritt.ithils llotmrew difficult ivirorirrits 
hri0t, fuirieit we i like Drare more 

[!wiri,. ifth 

glinlis wii i. ii0 tfi: tuorfr 
trviririrrieit ,a iciCiictri fiiii(.,(iom ;I, 
(.(iupled with the. h 

I iey thin Dr [-ve!n prh i 

tir(;iptii) that11f-y 
torid to OCCUpy tihe MOS! (hfficult 
e;ritiriients, wouil stillhi i:iir t 
focus On these are-as Iadd thit wef 
cann1lot yet say riLChdii lit li? final 
eftcts, aifterlded rotrids of spenrdng,
 
of givlrn productivity cian(;s ill the two 
orivulOiiertis Evidonce oi the rlative! 
s/e! of such lrarrelot; irl rate li high 
)trinity for (coioriits 

Mliajor efforts :)W iiriiijway on 
(iutetuls tlat Can ar:COlllrl( an (il0-1011t 
sItr(:ssW ork illthirmiiize poi l;irri i.as 
mitittd seveial yeafs aqo, tie Iut 
1sitte,
rtis flow ag]ain ruceivirm i 

mllajhr Inteistunl'i , this:iutnfhnls 


rimsteri(h trmnti;
to show that thiaii/ 
SeleCtUd LindiM rotJuglhnth stress inmid 
well wtei coniitioris fnds to terl(ritm 
MUCh be!tte! under (troitgfit stess arid 
srimriewlat rotter in well-wateed 
CiCUmstanc:es thial does maI/C selected 
only under wul watered conditions 
Wirk on sprig broad wheat, on1drUrI 

wheat, and on triticale is also well along 
and we expect good results given the 
resouices beilng corrinitted. 

It should be, rol!ied that ther is riot 
complete; agterlnfill oi the mroston 

xpdJitiouLS Wayl/to aipmoach the drought 
stress issue for small grains. to the 
extent thaiSagreerriert canrv e as a 
sourcet 'or hypotheses, we expect our 
ifforts to shiarpteri urderstanding of the 

p!efeireltm way to urihrtake SuICh work as 
we;ll as to develop nitlroved genetic 
rattriaIs Soil pIobl t r s irnseweral
 
lriportarit riai/Z ard Stiall glain
 

(eiVl rt)relrlltS severely liit )oductivity
 
Work Ll(ftrtak(!ri inclose collaboration
 

with Brazilian wheat spcia;iists is well 
alog for fiid wheats that cai tolerate 
othefwise loxic levels of alurrfiurift 
Sirilar work, focUsir g ori riali'(j aind 
iivolviIg several Lainr Ameicricar
 
pfograimrs, is [wini.( laJrichif
 

Work Is Lui(Jtew'ly on or01Wheat more 
tiolpmia eriviiormerits arid good progress, 
iiideid stlpising progress, has eenri 
rih1de One aispect of that work involves 
l:ses jitlceto itiseasie; that, wrilte 
coimrriiiri to such ivilOrrts(?n arre less 
;(irltri irsly orr(niiori mredin traditiial 
whiit )tiioduciij area-as Also, aid with 
pribable )(neficial irripicts for selected 
:reIas ;lready produiLn( WfVeaS, work is
 
ufdirWiy thiat ill
will riesultmore latu
 
h i(attolrce! foiwtflos
 

Io otrh riua/e arnd Wheat there is an 
eioded (ffort on ehirliness Fhis 
clarac'trustc offi:rs two id,,arntages. The 
first is to rerrit escpe li)u di)eases or 
1w1iio (Ifiughlt I scutu()) and Onethec 
Ibucoyrimg (oVer trle idly teco]rillefd, 
is If a a hli s ti muor intensive 
c)o)pring, IuruIulyiri( uuuui:iptiins for 
airlerws 

Inreii:htrug fortlies, qoih; i!hirlmess,
 
trilrimice for ola!t
;nit diOmJ!lft, 
dICC(iitdiiOtaill t p(llihm soils, arid 
rrlw classes' of (lisils. resi;llarice-
CIMMY fjreifoi freuitnlly work 
uirctly with c:()riclrnod national 
p(omrais [hiuse rwluitorships will be 
erilaued aid fotified as this class of 
work expands. 
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In assessing thfsrri linw'; of wvuirk,\,Vf '1Wt Beforei\'i\i~i liirilrlrl~~
 
Coninrcot llt, VII tirlli h-, 'tillilocmilrL; ill Iirllthf l,
 
("fill C01rir Io)kit v hmil it- it trr;iii
f\VrtIi of~ itri; vd~titsw (u r irit 1. shotrlo 

mling rildir wlit. 1111 ii '~Ilyjw ir t ;l itt IIIttu t f- 1111' p i'fi l I
 
Ii t t [ (t I-hii ;11 litIn I iwit It , I I fi
11 i t~t~i 

oc~q itiit; h t Id~t flm f),1 1~ lif 'll it 11, [J - 1,I 1U l 

I rII I I II I Iti I r , 

/~Is tIritlur 'V I ifilnr'.t )I Ir ti:, I 

I ~ ~ ~ IIi ~t1 fII t it 

Itt 

illv Itt:ti" '1 ttlt lit 

, in :r l(/I tiltll,Aqi i rii liii i't.I it t ii It'it' it - t oor illt- ti ;kW it t'­t 

niu~t.i tI fit Ii'-tl i ti it:1 itii ti'i it '-t in~i Wi' t ttitii lii it -,il it(,vt;1 1- 1 t lii 
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theii 1)01tttii folk? we arer movino to thht, Wrid Iatirgely Lirrrecogrliied, training 
(OIhrvul lOWn 'iT it MItwolrIhli ifht staij, with their own periodic involvement 

i;;t~twrtiir 't "Ilet Iii~ntl h"' diqr Ili ietirch iid continuing dioset 

)f I f:)itr)1 !))It' J f I I I i !Xof it !rt' Sr )I I( I/(II 1 Tt~It;)rtIti!S Ir ISi 

lrtirri Ind;~~ ti'i 'mtj ()fii if lolir it rtt'ttttm tt tirir oiruiet in 

o i i- frt I i I ! ll,)r I T tiltd trov~ I ws~'(: pr, ;h ' t'; u!7 fr t'1 rJ 

i 1' 101: tit~r fn, Ittris Il Iiijnirk thatfi 

,C ttrj:IM YIr 'idej (",Il't beI 

it llTl" ' I wIi1 l tii I1 pii it''t i w w l ',[(hiIrtins i tIi' t T'. 

l'' .......I('id I il .A~ iti ti l it i 
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a snift to bolster efforts related to 
maize's capacity to iccorrnordate 
drought In doim' tis we expect 
sunstantl cooteraiorl with the 
Inturnational Institul( of fIrpical 
Apcictiltire (lltA), with France', hititt;te 
for tropical Agricltiltrra: Reseri!rh (IRAII, 
with the newly furred Special Program 

for African AgricuItLJfai Research 
(SPAAR), and ,with other tearns being 
deputed to the rr(lr hy horrors to the 
CGIAR 

We have faith thirt African; farm(.'rs will 
move to take tip JiiOI)fiiltii/ w 
techrrle gri Hs im vdai]' fr)n 
Ghams \fiirr INNttY F sLiti hraVk 
wolrked with tih' rii ,n!ipo rni 
through a ilai.ral m)rri,cl f'mirfed bv 
CIDA, support, lhit ii, i1I ;wi- Of 
maize fairrmers, ir ri te,w i l ir f 
Irm roved h thi r(ii rvarv h ; rnrtrn tir ir: 

imternatiorn;l inmii ltw(ork, of ni[ir)r}nri 

for /tlii',ard iii i . i;,ihrdmqj
ipit erris 


veice Stion(JIV ei(rtini in+sei hlt
d 
fhere viill ht fnori n e.v' 1 i frnl .if th.I 
Ghana (?xpiit/rwi; Irr tni'" rw i frtrir ifid 
Of Otritr 'W01In a ", nh0 liltll I(ie 


,|rrrlr,1 ftI r / also hei f'liii vll 
fortifi;f It ') ()ir hin:) fhat i) silirnfricant 
portion of run trainrlrit r(eqLired, riOSt 
notably tht rwhted to preriucJiori 
agronorny, Viii I)( iif)rdfet;ikeri within 
African proc;a' s As Dr -fronras 

Odhiambo hils s'ar "hu vital titjston 
is the devoloprrnt of locale-specrfl 

technologies that prmil continutlous crop 
production over nainy years " Training in 
production agroirrow will)e :rtrcal to 
this effort Keny.i is, Ilreamdv movivrl 
towards ih ,virin O,itnirtrorwil trarninil 
capacity and 'A't" th fat other 
national piOi ;Jia aptlo Irrilar.- wil a 
stratenjies in tire r1 frtlirri CIMM>lYI 
caR SptI)orl S1,1:1 voritrire',S ti uqgh the 
piepaatiorn of rJhlii tarrrig materials 
and through wior 1ru(i With natllal 
pfogiari tramimr(t t.ft Fiforts ir 
urmnfenway anif we 0 lin:t SO( 10 r 
resoirc(. c(iireIIttk!(i to 11iir wolk oven 
the next three years With respect to 
CIMMYT's training activities, it is 
Interesting to rnk, lfial the ntinrer and 
proportion of tr;ire(s,<! frrr suh-Safiaran 
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Africa increased over each of CIMMYT's 
quinqennials. Moreover, the proportion of 
trainees in breeding has declined while 
the nLImber in agronomy has icr eased. 

In our 'iw fio Is sc o p e 
for workirng wth ritional prograrns in 
pianmigr ari 5;trsr ie( directions of 

their woik On rni/e arid wlie o hi.s 
krrid oif cnrlq cotuldl cornibthut 'rmch 
tr the t;fflnICr',v'withI Which rlirrhir y 
Scarce iirtlrorr'i res(irrces re; tusieh. In 
reflecting on priorly setting vthil 
natirnal esearch riregrarrs, there are 
rirnirr case; in winc.h I; is relevant to ask 
if too rranry or too f(w re-;Ocres are 
ievoei t inm/ic orlwfeat research. 
S'rch de(cisioi);, Oii(oLI S(, [ire)ro)(,,rly 
ir the rhans of rational; proijiirri 

id(iSim l, ever) S , , i ifi provide 
:itcmn , irformurtion. iri olafihoratiorl 

WiV9 s;Lri rtw ly cri irig entrties ;is 
. CIMMY!I.'AA aiso horgoodl, lfl will 

r)t iCt' Of irforrrr itim i ouit niri. priority 
p'oa,itt'rtlarl rvistmfluilt or;or.-, In theu for 

lioti'nIhorit -lf hrii1ii 'r . 

V\'V see oinrsnlve ; as more 

.iCtivoiy eriJag'ih ii diftrc! c:olao rition 
with other IARCs whose immridatmn 
irluffLre work for A fca iO ,e potertial 
fail/ Of SuCh colabilatrOn s ii research 
on techirolorty generation irvolving 
seveial IARCs anr d relevant national 
progparns. VA ie c: berieve that others 
(;,tld do this rob, there are two 
cOnSirderti.ris that arguec, for our active 
part,.ipatron. The first is the 
ovrwilrrin urgenc, of the ref.d for 
irproved tcinolorri]s appiopric te to the 
rrcmstance; ol African farrners. The 
sn!onrd is that African supporl for 
rex;rch in Africai woitnlr h stHbSlatlly 
fortified hy fiXa lie)h;s Of SLICCeSSfUl 
applied or idniplive rerch. 

StIstairning Moraenfit(IUm 
B' anmy standard of rnasrrerrent the 
C;3AH sy-;terr roust he regarded as a 
irarvelotusly sLccessfUl ventuie,. lie 
recently conclude CGIAR hruipact Study 
gives ample evidence of this. One 
welcome resltIl of the StLidy is that it 
ShOuLld quiet apprehensions about the 
distribution of the benefits fhorn IARC 



research. lhe evidence shows bellies." Today's shibboleths sound fairt
 
widespread benefits, especially to poor arid pedantic by comparison. We roust
 
COOSUre 

r
'' ald that should 1w ai comfort ailri, ev(n wilh the increasing emphasis
 

tO th(ise vvIi( (; iiclcwirlt;i ila)'ut o(i i(wV%scienct, moulntain the tistei (if
 
rit, to 


stiqitost hat illiswell in trio icrm fhiat 


be (fit flows Ibis iis of conIse , mlore c()iveiOtiOrial foirs of ii(o(aJech, 
iOw forms Willmgwly pioviifo theigain'z 

dis;trib~jtio'
fnorO, hut 1;1tilertiatlthe tu nwxt ld. a(diretrliur(,
And
 
teaIIlier P,Ior strid(ent fitICs soee I ) ha ,V hnally, inthe fa(e, of appel

been wvol ifft,, nImk ahi(Irice, we mniLoSt the energies
gather 


toi add choice to the lives of the
 
But h'wv Xim CIMMYI airidthfi ClAH dehsperately poor
 
h(!st airimlteinmiiiiIntuiii trii hit s
thii
~onrinl ,Ate.;o ;tJh it to j(jitjutijw
 
ir)(Jh!ukoplr1'j oilmtfw s) [lu h h
 

i ~fly~al, 


()f i rrni,,thj!;1 hodiJ .a;wntr otl ti iknri ,i i i. j (t'. -. to ld(t G h ic e 

O)Vi',irw'~ iri i lJ , hut lst lvm t 'foftrs , I , / M - ("
io :oritiuhtit'! toj rwj:w frrwi; a lid;, i d -, if/ if "Ui',)119/V /oor. 

il nlmnim ll ol i, lil, In ti(mi it prrui t, ini------------.. . .. ........... . . ..
 
tl;IllmH! ,Ird Inl [)m w(f,'dtjli}
 

r~fdih r i o,nly to Sorely those areiorrmidable challenges,

1,tlip firtll l') Al-i ; f i l to liulsttern but this is rot it all to suggest that this
 

s;ow)pt fir tne riaitloru i pii(uras oh i; the end, tii pajraphras Wirston
 
Jlt!vole)uat n0:to11itrs' Dungm(1 CIMMY" 's (fiirchill, it isrioteven Ih, beginning of
 
short :20 yf.,;ir- have lie!
wi. seenr that end. But it may we(ll1 end ofbe tIh, 
sitiloit ii';lliho firstfor rw urustuhtiuor, li(, (1, thehjeguririint-( sunse thrat 
Irli tou roIntlir We know thajt airciirstarcis of our rext tvo decades 
m;ist; i i:y striourql V rflluurw!n s li tility will uuffii raarkeal! frormr thi)se of tne last 

of res!aIch lillii fl) ao;iii two ti. <wpore mct, t energy,tiat oa)in, 'tlip 

;otntuot sudorl hedas to; aic('ltfl[)
l tfi wit, mid the irniovative spirit of out 
)tiyoffs; We also l riew thal ;turAi, 1hti, I have r1o doubt that w( will reach 

sufuprr ciiri! ;hufm highs,will probiy ilrilv new with in expanding array of 
natior;l fecision rriihkers ire- rc, ivr ucid '.'aflh (ioptor to itii():il pioqg airis and, 

aririot griciltturu l ir,I horn 

retsearch, fit tIuIucorist1I(!tri Ill
 

thaitIr iv,. do %vlthiu tit;ri iIrorI tI fanneIIIor; 

l hllerlope their lju(lftr1m1t if stupport I,; (athrinur s like this gatherings in which 
liIih (uLiak. And we know ,,; well fiat we pay high honor to our past ard 
those1 cirivuchVtom in orily c(mli if remiirdf ojrs,)lves of how we carrie to be 
riualiOrn l pri()r mi, in give; inteu aS W-n ar( rl o ia t o(irvirtainri( 
(ovI(fiIm:( 11,11ini iilv stsi rilt In lihiwiiVmI Our rio ieniterri ,Jti aS solely, (glldirig 
I ;anirivetrrfi With high llo1),ioyt)lri; I n1 I ro ri)StICItxuye;I r tiri dIpes(;r 

vviikihi p: as lmis, where we tap the 
(IMMY I.too, riut;l rrilitiun l its (rfi iltmme riflnictlinn ; of the 
frur(iins, aJrif(l)so iri thii ci(ir (xt of kriuwlhdogeah(i 
;v:;fryuie s ifitl(!ty it ) ri rf(n.rsta lirig 

heifpolntial offered througlh research. Our opportunities are at hand; I know 
th. convictions of ain earlier day w(re that you share my confidence in their 
rr+airtar (iby ililying cii's that gripped iaflilation. 
th; unagirmation "'Food for humgry 
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Discussion 

G. Camus 
Technical Advisory Committee, Consultative Group on
 
International Agriculturai Research, Washington, 
 DC, USA 

Let Me add ii, 'o rd of conJMatulations CIMMYT- We in [AC welcome such 
to CIMMYl on irilf (f t J-e-'chnical interactions as part of the necessary
Advisory Co rnitout, (fA':) and also my :ontinuict dialogue between the various 
personal btt . fcffnr r trusteo pariticipants ini the global research 
and thereforo mit, oh cember of system.'ow 
the extenue iC it i rrrlyl CIM,..),,I
has reacriej v atolief i t ,,ir /k' i 
of you ane ' I1 i fJ ha lthet 
prviluge to h( ( iohriater ti 
CIMMYT for i)slit i0 y,)53.,,a 
rn ihrnheror ih i , oJ of 1rusti i s ,ri(I 
Would likr 1' i,', i)uiIa a osarit 
arnd miost in ior' r n It is 
with rnie th t i ­''rr 1!ti1,'()Lri
de lhi ~rtiorn 0( ;, 

I wolild hi t, ,r[ , l)ireciation 
to the orgr> ifr, t(.r ();oportrrty of 
sharing v lthak of ,oi th vews of tAC 
on the future ri It tlIY Varid the 
cii lli ni s lihi i'!," i lain a fast- 
0i nginrt '.vorI D i nir Ow f oelebration,ds 

tire oJtstlariiir i i'O anrJ rripact of 

CIlvMMYI" I- fort.; hive ornr ctain 

been unarlirro l,r r irtn/r "W all are 
convinced that st'ri( for i.C lince has 
always bon CI ,Pt 's nhosoriy, and 
is the basr for rh ' Hnrirl(ibu 

achievermnrits ill'i ' ';;iaJrnira[fle 

philosophy fi r w !o r,aS: if we ari> to 

meet the forbiddnr i Ilorgos of 

tomorrow's vonrAi 


During firs ;',r qmtri w nave had 
three very irtrstirirt rrj productive 
days, and lh( u:c'0,' of thisnmeeting
has beeri in no smraillreasure due to 
those ot 'vou who nav participated 
actively ii the ,'isiS';IOns Let mie 
mention in asrg, Mr Chairrian, that 
this syrrposirl iajn also provided a 
wonderful opiortonttv for air iileractive 
process betlweri solIected i(rriteris,
donors, Nationail Agim.ilural Research 
Systems (NARS), tAC nrriber and the 
scientific coiriunity, the Board of 
Trustees, and thf,rnanaglrrenrl of 
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A Look at the Past 
Before cornrirmntincg on the Director 
G nriirral's presentation, let me turn briefly 
back, once more, to the past CIMMYT 
arnlits founders, as well as flie pioneers 
who niade its establishment possible 20 
Y,rs; ago, have inde(rcl a lot to be proud 
Of
 

On Monday we heard CIMMYT's 
achioverrrrts oxtIpressed vury eloquently 
by one of the fathers of the Green 
Revolution, Dr. Norman Borlaug. The 
Green Revoltiton itself v 'a, discussed by 
Dr M S. Svarrrif natlhan, a person who 
was highly ristrumental in translating 
sortie of the international research efforts 
and breakthroughs by CIMMYT and the 
International -ice Research Institute 
IIRRI) into a practical reality at the 
national level. We are all aware of 
CIMMYT's good record of interaction 
with national syslerns in developing 
countries and the Green Revolution 
provides a good example of this 
cooperation, which has, as mentioned by 
Dr Winkelrrarn, adapted itself to
circumstances arnd vevolved over the

new 

years 

The ImapaCt Stidy rCOrlLItcd by the 
Coi SLtIative Gioup on International 
Agricultural Research (CGIAR) in 1983 
conservatively estimated that 47 million 
hectares in theldeveloping world were 
planted to sernidwart wheat and six 
million to maize derived from CIMMYT 
germplasm. these impressive figures 
speak for themselves. So do the 4000 or 
more former trainees from 95 countries 
who consider themselves a part of 
CIMMY'T's extended family. 



"he Challenge Ahead topics Ihave mentioned and that
 
Such a record of past peifotiance by 
 revoryor er, of course, will be free to raise
 
CIMMY- U oigur'wi for thel futu .. te anty que.tiorls.
 
hrried lrorl the Di?(Ator (ee ral's
 
prr!s(rruition that(lCIMMYl is frilly aware
 
of tOi:eh; of lichfllerqes that ir- ahead­
of it and tht thu Center has alreoady (/OA;u (:()(/?I t/U /)U[rV'h3Of !ARCs and 
tiki, I, ,,; rreiard to th NAu-urSt& , /rJO/IuIt. I,// OsS't;tj, tO solving 

)()[d'[) oal n i/ho pC frhvllh!r'i/i t ii t l ) t V ' 'Jr I-ii very /I
 
IitTic h a,' C fh t u ld itl
1(1 IIt hi tlit'', 


Id ll;ri(;i i(l(;d tinntl lt
 ' [)f 


Meeting Increasing Demands
S ivr.tiihat ,'IMM ]r mdJ AC a ii, My first point con:erns the increasing 

I wVll 1iii nii,'ari rnii\ 1(e ar<im irnt arid divi r!oty of caills on
fcvv i n ' )f iii r ari firfo CIMM
nl lli ' , I '<; capan.ity and relativrly limited
 
CIMM Yf I rlJ tij a; 1
'11rI '.',! ole, if: , rr j:fc S ltion;' is'.sare both external
 
annd r 01 it \, [I( ii I 71I;, ,
t , fr lrmI t(lr


irislri;,!(:I f\,Y I ; 1)promw l to IlwV
 

';li'ri (t- V/\l: if)IAC l (nl; iii iii hi ll ()n ,,.hlrrr t:illril thl 'lvt. NA RS. 
. i Own urm irit ir i iitViv (r',t NARS, vt ,(;tli llsoh Ia)ve 

t- tnwlflorc !I:curhrlreir trurilir iht rir; ttit n r. qit' of tiking ii greater sthart of
 
( J r Ar )in an ) \,'Virkririk rtr Ine)rti rtw!5t rnichjiily i ifirht lnniitonal efforts,
Dri 

(if 'VV 

lt)ltU'; 1i4( [)NA ii '; arid l iIrI rtt;ta iiiliriq! h iniiri t e , 'ABS lack 


i l Il rllu t:lllf hiiuflo(ly rru<irsy othi rs trnfortturatlly are still 
itfe 

Hi f'I r't ntill itlr[ii lPmifrt ii rlri tlorr tfte tlvt: ca acity to coirdUct
 
lliV\iinl r)l r l I In ! i h !i hl r l, I Itv(M ic-Jitrtnt'rl ris,;irtr:lt, difspiltu global
 
h~itlit it t.t I,!~ t! : ii I '~in';.r+, intterisivt tr rrirrin t:fftits. SUi l NARS
 

irr oltrti i /diu jiiiri';, itll I ;,i,'l ititit h-. orit w -y (ir cirrothier. 
/Ildlttl "4 1() fh ifll! lti f f l 

fur!:t!(Jlhrin htt hnlthtitl; i;iinrtlitl' mi'.;q ViVl li;i t, h eard of CIMMYf's plans to
 
CIM NtY I riauiIrI 
 lr':(); lic with this ifltictrlar problerm. These 

plhns irlCt rcreasert training efforts
IlIItill! i 'lli, ("' irt vvldcoruf,) vith tn!l)hIlsis (ri specialized courses,
Wil 
ttitll itoin'a tricri;irt iriVeiVinrilt, in ecenrlri/'Iri,,i aid etmphasis on the 
Afri.li t irull)eratron with uthtr pri;mictilir of tai lrmingmaterials, help in 
( )IgarlI'a IIOl-; Ciosr( coopitratlrll hut\v ui( iler y stting , segregating materialmrtoit 
Irtrlaioiial ,trdirttilii rt;srtarn amolrh 1irivlihe(t i tirir1l) than Il er days,
;3r(1 rtilri tt:l(ch i o;tt W!l rwt' 'rilitt , ir(i irrrrOvativ(u vievws on 
d~ifirrc;id mr Irstrcrrrs ririliur Ii'j ing of respmonsibilites withatiiir tO~i itrittuf,,lii(:r r;i 
i!ss tr ' e n AWlli clvrmqn. thinlt Afrclit t oI tilk,thlir place as eritial
 
('11W rii
; I uormtnrit II rts'.' 

;ich iticfilic1 (til (iti r t t r h irwiw', l ta6lt time in,
 

ro (l t ing t i oiirlrili the .(1fli'il rlch sy,'-;teri 
rtll t t twil< [lls 


; h' r! (ili tor 
 "
 r: rttlrti' ffrrtit WiStirH[
tJrrrli 
ckli!;,w, ; oilVVifIItHindlr orrbl!on1
ilt
 

iim ti !t ., whlii(;fh \w1l W ith ili rrl to Ill, is; point, I welcome 
hlofui ly t rndmri ! to rtvrOl) li laltr fi'I l ernrritionil I mid for Agricultirallls 

Ihli ilicr:iirr itt Dr veloprurent (It
r Jiiilt i 'sinlt;S t ADl rriliative, 

strrrcwr!r; crops aire co)Sponsoredl by thiSwedish Agency for!nrrriirtrlr. whimtr 
!lriwri orlsidu thr taditrralrrr rMor Research Coopeiati with Developing
fivomlhr orivirinments. Let ire add Conrtires (SAREC), he International 
qtuickly, however, thal the discLssion Develnpmenrt Research Centre (IDRCI,
dores riothave to he restricted to those Ihe Ministry for Economc Cooperation 
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(BMZI), and the Rockefeller Foundation, 
which will allow some of the more 
advanced developing country NARS to 
share their viwus with CIMMYT and JRRI 
at a meeting in erly 198/ on the 
possibility of expridirng their role in the 
global reserircn syste It is TAG's 
convictiori that the process of sharing
responsihiitris with NAPS ought to he 
en1couraged rarcrlerated where 
feasible 

The rer:erit rrterritioricl srrinar ol 
priority topics and riclih nisirs for 
c'oirt ratiOH inItoliCi(jitir lr IesCar-h in 
Latin Anerirsi ,iidlt !eCibbean held ajt 
lhe tnteruntiorirl for(>riter tiopical 


Apgicultur (CIA ii iii Augjsq this year 

provided sJri irdJcilrari iof th; views of 
NAPS on riwoitrrlh 'ooiwltori ald the 
roli of tOe IAHU; Ihi; issiu is also 
being ds:t;risi in l1w (GIAP Task Force 
(in Sub Shrlii AIaio retearch
 
strategies, altrioihlr( w e [ire 

uriderstarolalX doatrini with relatively 

weaker NAHS 


Now, in(enally,Ow pe;situ on 

esiiHIl:O!; is; os If) ailddirlo to the
ie 

rihViOLJS fl ifiir "r iite nco' 

esoar(:h, arsrridiri !(rueby the [Diector 


General, we lu~ive Ithe i orr)iotrrdin 

effect of ncrsrjs( ativities on 
gerroplasri dvlopent, on strategic
lesearch, aid the nor 'I to keep abreast 
ofviaious aspects iii the new science, 
which ae ill pr)reru(,rrisites for the Center 
if it is to remain in the forefront of 
technology generation CIMMY1 is 
obviously corisclriS of all Ithse needs, 
which aire corritiirtoiderl by tw increirsunt 
diversity and i finact lw preasri 
weakness of rnu!ostoif li NAPS 

Meeting Long term Objectives 
Pluis, whatever cooptiratlon nrid 
partnership dheveluti, the global load will 
remain heavy in tIhe near frture. Ihis 
raises a series of issues for CIMMY I, in 
particrular one on whilii: AC atAix)pressurh 
strong view w rn it considered the 
report of the Second ixternal Prograrn 
Review of CIMMY - in 1982. The 
Cornmiee then i;onrsi(rertd hat 
disciplinary research, at CIMMYT 

headquarters needed strengthening to 
ensure that the long-term objectives of 
the Center would be met. I am pleased 
to iucogni/e that substantial progress has 
been achieved by the Center in this 
regard. One exaniple is the establishment 
of work on seed health. The Green 
Revolution would riot have happened had 
it not been for the ability of CIMMYT to 
excharrne gernplasr freely and safely 
with 100 of more countries. The 
establishment of work on seed iealth 
d(enionstrates CIMMYT's high priority for 
this c icern and the Center 's willingness 
to genernte new knowledge to try and 
IsLure that scient!fic principles will shape

the guidelines for fulUre exchange of 
eimplasm Phis itistingtished group 

rimy wish to contribute to the debate on
this matte or on otlher reas of 
disciplinary resetarch that should receive 

imorwattrition itrthe fiture. 

asel on what you haive iieard in the
 
last two Jiays ard keeping in mind
 
CIMMYT's coriparativ advantage, the
 
arimouint of rese arch caried out
 
elsitwhere, the liited resoUrces 
avatilable, arid the I cruasing need for 
de enIralhrig breeding activites, yOU 
rnight wish to give soie thought to the 
alppropriate balance be.tween on-campus 
and off-canipus activities. Approximately 
110% of CIMMYT's senior staff are now 
based outsi(le Mexico, and this has been 
a deliberate shift over the last decade. 
The Center's positive steps to implement 
the highland riaize program in Ecuador, 
ard the recent establishment of a joint 
prograr with IITA to establish a 
riidaltilutde inalze-breding prograrr in 
H;irari, are miore recent roves in the 
sarn,idirectiorn, anl e frilly endorsed by 
IAC. In the wheat program, sorie of the
hieeding and agrornorny for nntraditional 
wheat aeas are riot being corrdrJcted in 
Mexico, but in)Paraguy and Thailand. 
Thes(, moves hae, already been made, 
hut what about the future? What should 
be the balance of th(se activities in the 
next 10 years and what would be the 
respective nature of activities conducted 
on and off campus?- that is arl 
impor tant question which I shall pose, 
but refrain from answering. 
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A second issue closely linked to the 
preceding considerations is the 
consequence of the global funding 
context. Increasing demands are being
made on CIMMYT in a climate where the 
total resources available to the CGIAR 
are either staic or increasing only at a 
very slow Lace.me tIatLet remind you 
the CGIAR represents a very small part, 
perhaps 1 to 3%, of global resources in 
agricultural research. However, as 
demonstrated by the past, the CGIAR 
syster has played a fundamental part inr 
generating technology that has led to 
(JUanitum17 increases in productivity or the 
gluhri system. T1he key words I consider 
to be particilkaily imiportant in this 
contuxt are comIiarative idvantagle arid 
priority settingj. 

In the recently completed TAC review of 
CGIAR rioriles arid future strategies,
both wheat and m.aize were singled (Jut 
as comimodiies that will require speci il 
consideration in the future with respect 
to the relative level of resources devoted 
to each commo(ity by the CGIAR. 

L.et re rnow cOMe to a seisMitvti issue, 
on on which emotions have tended to 
run high at times This reiates to FAt's 
proposal for a relative rediuctiori in the 
iesources allocated to wheat inthe 
CGIAR. In the short to reditiim term, 5 
to 10 years, the relative allocation for 
wheat is proposed to decrease slightly 
and th/en remain al about that level This 
roust not be c.onstrued to imply that 
productivity research on this crop wiil 
become less important in the future. It is 
simply anticipated that pre'-nl expenses 
could be cut down slighti V through 
inc.reased partneirship and sharing of 
responsibility witlt all components of the 
global systerr, both in the developing 
and the developed countries. For 
example, at the recent European 
Research Directors Conference in Bad 
Homburg, we heard of the significant 
collaborative research network that 
CIMMYT is helping to create on barley 
yellow dwarf virus (BYDV). This already
involves eight centers of exceilence in 
Europe, North Arnerica, and Australia 

and will involve almost the sarn number 
of links with developing countries in 
Asia, Africa, and Latin America. 

CIMMYT is taking the lead in this 
network, which allows the global 
scientific comMnty to use limited 
resources in the most efficient way by 
jointly identifying priorities, assigning 
tasks according to comparative
advantages, achieving critical mass, and 
sharing iithe arialysis and interpretation 
of new knowledge. Let me stress 'hat 
innv of the activities in the rretwc,:k are 
funded through rrichanisrns external to 
the CGIAR arid therefore are additive to 
the CGIAR system. 

lhut laIze haVe? beenI,"i ,olL! / singled out 

15 c(200 f 1oditl.s that wll r(?(llire special
C:0ISl!t-im f w7 tihe futiIwJI with respect
t ; 0 lG''./0/ of/C ovo((d
fri / i /i / 

-
/(I i / /i./ ,_O/11.tmt}"1v CGAI 


In general, in the wheat pragram, TAC 
believes that whereas work shouid 
continue on the more favored 
envronrrrents, more emphasis should be 
placed on marginal lands. This may also 
provide an opportunity to furtner explore 
the potential of triticale for the next five 
years or so, after which an assessMent 
of progress and constraints should be 
made. My own personal feeling is that 
triticale may enjoy higher adoption rates 
itwe place more emphasis on triticale as 
feed, rather than food I will not 
coniment on barley because CIMMYT 
has already transfu ed responsibility for 
this crop to the International Center for 
Agricultural Research in the Dry Areas 
(ICARDA), in line with tire TAC/CGIAR 
reconmmendations 

Concurrently, CIMMYT will be expected 
to allocate more resources to maize, 
particularly for African conditions where 
the needs are specific and urgent, 
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consolidate its gyrmplasr ir mancrrji(ort 
ac;tivitic-s,and do more ewvlUatiori tf 
wheat and liai/iJ(jelhtic resiici(; 
sota hirailfty of rodcti onh)rcyldtrr . 
InvOlVIri!j ltlw;t lVV()commodow~l~ ,N; mi ts~H' 

iirtlp
l:Itioris
for i! ;ii( ii rut t:(; riol(v , 
de'uvIo-)pi ru u iu h+iviI(u1w(nitw l)tvviII 


dtd(itissu; , te;S
irch (InHtrucomrilluru 
i.actors a:;proLItr forI i: tl 
w h t( i i t, WV l ij , (j l .'- w V ( tj Ir('f ,l-+ lo l l 1t l ll t 

trntiori, oird tuit lest Iloll 

iJddutr.ss(i Torie ,
J y fd uru(liq rid t t 
(olla )olitrve lnks vih rin C(,;i\iH 
c(trnters, SLiCt],5tire! rlitr:l,lt(),1ij 
F;rtiJiiz. r.,,t ( rltr (It DiC)D v lou() rll 


trfI rruijx lt nie rnut()r, Irl'; virtNtlt'rrlIr"ri * ;iiful of itrw-crtr ter coo)i)rojrti ,aridli'tIfrulS (Iftll! (ir): nh ti i'y :;rmrvt all(til.s o( ol((eu
for
 

rruirrs
rhirs n iutril Ow~ lrrurtuitu; hti,f 
thlnfitni tlilhl,ruit i it riot 

ofily rrrt lh,.i
v,'iriui lt liri;riiu; \''tr 

III(u l'nrr ,th(.
s ttitrut; (\,/lv 

rese)I(h iff i ()1v()vu t( t:iu ,i thl lst 

rIontidifficult (!nvitiuriirtt, sn lutittwn 

as te c )uir'lty ir~u.,
of I'JN:Airr 

:qIatly, liteittrteiTirir(tI
,I i; artirir thf, 
vimos,pi r 1(Jjir;u; Ius ovi! ef1 ir(.ef 


gr~itI I IIIi!, vIIruiI;trII tIuit( tn 

(iOilrt 1!ll(tlrltqu:f :t;i eiil; i 1willts 

so()
IIll hlt:d 

CIMMY1 ,, feit! \vitra i s nit 
,Jiorcus irvolviri,[ u rrilui reJtlo(uitori of 
rsources rlit rw(;(J l(ohr umiwtliatltd irn 
th( onrtext of 'I fiitilistrults;t i lloy Ii g 

term ulan thusf (nitl lturi ut i wilt he twie 
e'itiCetdoiririeit texmiiried hy the 

External Pr(prit Review P'oel when 

CIMMYT und/rd(ltnes its third IAC review 

inthe setcond ti;ilf
(f 1 )8/ 

Germplasm Conservation 
I have prob~ably t1,,t ito)oIortiqiflrway,
 
but I would opprtci itetl .((iprrnitt( to 
briefly touch oi pcfitni[)()rl lestl 
geriplasrir :oli;utor anl cI;(]oliervatior 

CIMMYI pla'yb a ri51nr reolas 
conservator dd SLlrtplliutof balSis, wfiWat 
and maize erriptLasri for ifev(donmri 
courIlnes Like its commodity-oriented 
sister institutions, itparticipates inthe 

glotil gjerietic resource efforts of the 
CGIAR syshrn, which reptesrint infact 
ahO)ntiir t of coriservatiorr effortsote tfie 
Ii t) df~viipr) d Vorl(t.I tih 1(1:'5 


[hi(! tt"IAiC.'(t ii i ,: ir:ii(2iCwiased 
Offiits of iIMMYfI it: 
u-Ou rV; t iinutlrl( tull firi tl:tililliyclose 
working eltio(rmsfhri,; ,utth , 
r k;Ir lhinif m l B (.) i t d fo)r P la nt (G e m'llic 

Heso ues (If-PGRI Inr(ruerr, IBPGRth(e 

iir Jctirillyirvl((i flrllcial
lis 
 support to
 
irrt!)leinfItlw
sorit! of th activities that 
f1lvu h)utri Js(:uL-Si(t d agreedJointly i 
rupiull with CIMMYI this Isa good 

Duirup its' !it tuit ' 3 r I 

('(ill)rlduilu' A rIh fi', ons eiir(utthe
 
;uO'.,sur):lyt o i tjriwmlturu ,')jioss]st djcy\ 


.it,sysllt' inl(Aultlij tit
onrllori mitrt 
G rle;s Itr(r ]tLP H [i: stLJ y wouldtire 

isse.-s e:jrorit efforts, reu (f,;for
 
Imn movr Iiwrt runt y,sIVII w ich Ithe
 
Centers ciit II Irtnc ttl I t rr
 w oWl 


u)i1rtrnl(:rsIIIi r i-r i (i(Jif(J
rcusuur uh
 
piuogrmfln I lljil) to corstis tlOri,
rvia slorage, 
itl ;Vitltl(rltie Cr ters' m andatev 0f 
(:ops; [he. tnleJtter Vwillbe disUcsseid with 
('murteor
Dirlecors itoiut next meeting In 
0ctot(ur iirt( protbably tUi[:ruiiu ttrouglh 
soreflirir(ch;mriismrr we; will drcide upon 

jointly In the rrearitiro ,the Director
 
General of CIMMYI ni(Ilit
want to 
comirient bri.flv on tire adequacy of the 
Ce.nte's pirsent facilita s gretly
 
Irproved over the fast yeairs- and on
 
how far h#2 fens Iat CIMMYT should or 
c:otitd iitnr take itlhre.sis in this 
icldditiorl; f!d 

Conclusion
 
My apologies again for heing so Icng,
 
but, i.-you hi.v rioted, I needed some 
extra time to Underline TAC's strong
support and etppreciation of CIMMYT's 
puogranos arnd achieverrents over the 
past two diecades, and to stress my
conviction that CIMMYT shall 
sU essfolly Meet the challenges ahead 
of it. 
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Organizations Cited in the Text
 

AGRHYMET: ApicIiturii Hydiology arid 
Meteorology 
BMZ: Bundeimmisltunr hr 
Wirtschafllicfvi ZUsatii Mrirmb:t iMlrs-iry 

for Economic Coopurntiori) 

CASAFA: Comrriissionr for Itit, 

Application of Scwcnit? to Agriculture, 

Forest,/, and AuCLJIUJ; 

CGIAR: Grsultarvu
(roup on 
lnrtmrrtiorila Atif cultural R s.-.rch 
CIAT: C(ntri tntr iacoril clo Arwicltwra 
Tropical (Intrnational Cunur forFropical 
Aqn1C:tltuLrt')
ClDA: Cim,-dim Inrm~l~on~f 

Devet.lop~rrwrit Aflerwcy 

CIDT: Comlgtnr Ivooiririwi )li r hi 

)6veloppirrwufit , '1,l, l,.(,y
Cirst 

l D(xh~ !v,dohpriwnt Cwnim y )  
CIEH: Com ,tInitur I, !t (IW, t i;t(' 

-ly(Jairih(im.us (Irkiti sti ,(>iiiim i ;i,l fo
ur

Water St~dls )l 

ClMMYT: Ce,( ih()q.;,:w.)rml
det 


Mejorarrmiinto (rr M ili y Frigo 

(lternaliorial Mii/e iiil VVlWiji 

hnproven rlCenteri) 


CIRAD: C.rtr, dt Ci(j'mtruin 
Inerfrtimora',i ri HeFhur;hOic /(Jf i( U. 
pour le D(.rv loppen(,rloi jrtul fr;riro 

Inturnational Coiopertoti in Atrioriornii: 

Research for [Dvelormiurl) 

CSIRO: Corinmrornwrealth Scirnific arid 

lndustrhil Reseairc-h Oiiji/;itjrii 

DRSS: Departnrurt of ieiraridtrf 
Specialist Servicus 
EMBRAPA: Ernpresa Biasileira du 
Pesquisa Agropecuaria (Braiihn Agency 
for Agricultural Reseaich) 
FAO: Food and AgricuLllm' OGgaraion 
FECOTRIGO: Fede a o is 
Coupemltivas Brasilur;a de lit'o ;Soi;i 
(Federation of Bratilian Whiuat ridSoyara t l w s )Coop e ve 

HYVP: High-Yielding Varieties Program 
IADP: Intensive Agnicultural District 
Prograrn 
IARC: International agricultural r.suiarch 
center 
IBPGR: Internalional Board forPlant 
Genetic Resources 
IBSREM: International Board for Soil 
Resources Management 

ICAR: Indian Council of Agricultural 
Research 
ICARDA: Inteirhit,oial Center for 
Agricultural Resimrci m th Dry Areas 
ICRISAT: Ilterni:tonial Crops Research 
Institute for thu Srni-Arid liopics 
ICSU: lOUrruitoral Council of Scientific 
Unions 
IDESSA: Iristitut (1 Saivanic; (Savanna 
InstitLte) 
IDRC: Intur;nalional Dtuvelopriet 
Research Centr( 
IFA: Industries ot FoiCts Afticaiues 
(Ahi(:an IrldustricS ,-111d
f 0OH;StS) 
IFAD: Internalionali ,. for Agricultural 

LDevelopmurn 
IFDC: Inturritrmorl I- :'iDevelopnent
Cenh(!i
 

,tinrhilIFPRI: Internr IuoiJ Policy Research 
Insitute 
IIMI: h (r lm.h oj]¢mri.h riManagemnent
 
hnshittitu 

IITA: Intrritrmu l Irlstituto of r oplcial
 
Agriculture:
 
ILCA. Intrirmori, I.,vetock Centro for
 
Afrwri
 
IMF: lter rtjior)ail Mlnitry ird
 
INIA: hrstittr)r N'J iorrl dJe
 
Itivtosti(jiciomiis A lrfcolis (National
 
Irisltto 'or Aglrw:;luiai Ruse;irch) 
INIFAP: Iristitto I lii:ior il (J, 
IrvFistijaciunu!s Forestales, Agricolas, y 
Pocuiria; (Nathorral IastitLie of Forestry, 
AirlrICtIru, and Livesiock Research) 
IRAT: Ircsrtut d Recherches 
A rriromiqtjes nopic;les et des Cultures 
Vivi",r'rres (Inslilute for Trop,cal Agricultural 
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