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THE DIRECTOR GENERAL'S OVERVIEW 

If w,' prl/lt' CIA IYT hlistory il a diac/rat, we cannot chart a smooth upward.moving
lit?, rath.r v. sve , .oe'rts of steps each sep reflectin.g a new situation, tew problems,tclw t aid scentl m s new /eadershp chosen for the road aheatd.
 

In 1/', CIMANYT an,,c/",
,rotler of those- steps.

At thi ,los,' of the 
 ye-r, C/MM YT's leadership will be taken lip by a 4 8-yoar-old agri­cultural ,:dmim,;trtor, Rohrt D. Hiavetirr. The new Director brinigs to CIMMYT a mix of'vxpvoe,: Stlited to the i f.ieds of CIMM YT in the 1980's. Have, er grew tp is a farm/wy

in th1 U.S. c:rt"I trait,ee the d.ept,'.ssio years of the 1930's; he earneod B.S. adMS. do. groes al itqricP'lto a d e otoinics from Ohio State Utliversity,"he served t the ,x tonlsiolisorvice ,pel ,/ Itermx('ir of xi ag;icu/tura/ cooperative it? his hotue state, thein moved intoi( inte, ,Welli / ca.rer. For four years he was advisor to tie distiguisl,d Rural Develop.
edlt Ate.,ahilly at ColntIl/, Baugldesh; thefn six years as advisor ore atrictltura/ researchat /pv'loptnlit o/)Itcts ite Pakistan;then head of the Arid Lands Developmeit Progra U(.ALA)) at Beirut. U.,dor Havevpr's crative' leadershipl, A LAD services spread to 20e'cllitriOs i/1 the Mide t, North Africa, arid trop/cal eastern Africa. Havewier was desia­

eat.d evXoutive oirter to orynize CIMMYTs sister institute, ICARDA (It rrnationeal 
Cinter for Agricultural Research it Dry Areas).


Noe t, taAiienI ute from Asia, 
Hwmvi'r earnted the d-e free of ,Masterof Public Admuttis­tratint at Hxvard Uciwrsety, then joiteid the New York staff of th, Ford Founidation,
still r.sponsd,lo for aetrico/telra/ projects ite developing cout trirs. In New York lie servedweth Foe, tiot officers who hawd helped to crette several ititerniatiorialagricultural
 
c(:.imters ,od t) shapea th.,ir progranims.
 

Thus Haveecr friings t) 
 CIMM Y T sevoi teen years of success Jul work with developingcootitries. He' has first h ud kecow/ee'd, 
 of LDC (less devvloped coutltry) governments arid
 e-pe'ri'clc'. Lith the fclliecia'ddonOrs who support the ieteiriational centers.
To c, tch Hivp-prer's fresh leadt/hip, C/IM YT Trustees i 1978 elected four promi­tpie t ,:greelcr,'ial sciecitistsis isw 
 r-ste,.s aced appoint'd t/',M to the Program Commit­t,, of th' [e'eatW. Thet rotip mcnhors ilicdicle, o-ve ch/ fraom Ecuador, Sudan, Germany, 

at id Japat. 
Probhms aid opplfortunities awaiting CIMMYT's no'w /eadershio call alreadybe antici­patel.. But til outll'ook will he clearerif we first trac, CIMM YT's evolution, and describe

the moniti't which carries over in to the years aioad. 



1966-71: Formative Years. 
,Founder's Day for CIMMYT was September 21, 1966. But research on maize and 

wheat in Meifico carried back at least to 1943, through C/MMyT's predecessor organiza­
tion - a spejiai office in the Mexican Ministry of Agriculture, jointly staffed by scientists 

from the Rockefeller Foundation and the Mexican Government. The predecessor organi­
zation developed the first semi.dwarf wheats for the tropics. It produced hybrid maize 
varit, ies, which were high yielding in Mexico. 

Becauseof thisquarter-centur,ofearlierresearch(1943-1966), CIMMYT made a rapid
 
start Here are some accomplishments of the formative yeis under Edwin J.Wellhausen,
 
CiMM Yt's first Direc tor General (1966.77):.
 

(1) Land from the Government of Mexico and funds from the Rockefeller Founda­
tion provided a headquarters, both economical and efficient, located 50 kilometers north­
east of Mexico City. Access to eight research stations in Mexico offered a wide range of 
altitudesand climatic conditions for research to serve al developing countries. 

(2) From the research stations experimental seed flowed outward to scores of coun­
tries - for testing, for further improvement by national scientists, for release to farmers.
 

(3)A training program took shape in Mexico. Major emphasis was on young scientists 
from developing countries, who held a first academic degree. in agriculture but lacked 
experience in field research. They participated for one croppingseason in Mexico along­
side CIMM YT scientists. More experienced scientists from developing countries each 
spent several months at C/MM T participating as visiting scientists. Upon returning 
home, those with Mexico experience were absorbed into the networks of scientists work­
ing on maize and wheat in developing countries. ) 

(4) CIMMYT posted some of its ownstaff to work with local scientists in a developing 
country. By 1970 these "outreach s:t ff" were serving in five countries on three conti­
nents, setting apattern which CIMM YT still follows.
 

(5) Financial resources increased. C/MMYT's single donor in 1966 (Rockefeller 
Foundation) grew by 1971 to five donors,, drawing support from the Ford Foundation,) 
USAID, UNDP and the Inter-American Development Bank. Expenditures during this' 
formative period rose from $440,000 to S4 miions a year. 

This was the state of CIMMYT's evolution when the Consultative Group on Inter­
national Agricultural Research (CGIAR) entered the picture in November 1971. The 
robust rate of growth which CIMMYT expeienced in its next phase was dependent on 
the new resources provided through the Consultative Group. 

1972-78: Years of growth., . . 

CIMMYT's activities have expanded greatly during the 1970's - in size, in scope, it 
creative character. That is the view which. CMM YT holds of itself - biased perhaps - but 
also corroborated by the impressive growth of wheat and maize production in developing 
countries, and by the credibility which 19 donors continue to place upon CiMMYT'S 
accomplishments. 
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Here are some cevelopmnents of CIMM YT's growth in the 19 7 0"s,(1) 	Measurahle indicators betwevIn 1971 and 1978 are easiest to assess. For example:Donors increased from 5 to 19. Total ainual budget rose from S4 to S12 Millions. Inter.latiolalstaff Positiohsgrew from 57 to 78. International wheat trials expanded from 600trials in 1971 to 1100 trials in 1977,-and the maize trials, from 300 trials in 1971 to 450tralls in 1977. The increase of international trials was especially significantbecause eachtrial site fur what or maize is 
(2) 	

a show v.cdow for the world crop improvement nctwork.Travel by CIMMYT's internationalstaff in developing countries has expanded tokeep pace with iincreasing trials. Measured in man-days of travel per year, our persontle 
records show: 

1972 1823 man-days of travel (equals 5 man-years). 
1973 2297 
1974 2415 
1975 3012 
1976 2958
 
1977 4323 man-days of travel (equals 12 man-years.

(3) 	Regional programs for both wheat and maize were introduced in the 19 70'5, andnow represent the largest single change of the de -ade,because of their direct impact uponresearch and. productio) it developing 

operate it) three areas 


coun tries. lIn 1978 regional maize prog,-alms
(Ce ntral America, Andes, and southern Asia); antd regiotal wheat)rograins operate in three areas (Andes, easter) Africa, and the Mediterra,ea,-Aitetst).Other reqiotiil prtoqrams are scheduled to 15egqii

effectIve, 	
in 1979-80. Regional staffs are espedia/alCIMMYT has found, hecause they improve the quality of trials in developingcotilftris,and persuad, tove/n ts to supplement their experiment station lestitq withOl-farri research.Both factors add to the effectiveness of the networks.(4) 	 CIMMYT's economics program was established in the 	1970s. In 1978 there arethree econtomists at headquarters in Mexico, contributing to progran plianing aid totraimi)q, a',other three econotlist. serve it regiolal programs (eastern Africa, souther)
Asia, and the Andes). Regional economsts have deve/oped farm level surveys which give
new insiqhts into farmers' practices and attitudes, hence provide guidelines for scientists
 

and poicy makers.
 
(5) 	Training at CIMMYT was greatly strengthened in the 19 7 0's. Training officersexpanded from 2 to 6. Training manuals added substance to instruction. New types oftraining were introduced - for research station managers, for laboratory technicians, andmost important, for prodoctioni agronomists. Production trainees now participate infarm research in? Mexico, to prepare 

on­
themselves for similar work at home. CIMMYTtrainers are ex tending their services it7 to developinp countries by assisting with productiotncourses there. So far CIMM YT has participated in7 this type of training in 10 countries.(6) 	Our reporting to donots and to the public has expanded into a major activity.CIMM YT puliicationshave increased i number and are now distributed to a mailing listof 4600. Visitors to CIMMTY headquarters rose from less than 1000 in 1972 to morethan 9000 in 1977. CIMMYT introduced "Presentation Week" in 1973 and has repeated 
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this 6-day briefing program at least once a year, mainly for donors and Trustees. 
(7) Growth in itself means little unless it results in a rising production of wheat and 

maize in developing countries. We find progress here too. During the decade from mid­
19 60's to mid-1970's, population in developing countries rose 30%and in the same 
decade wheat production in developing countries rose 50%,and maize prodiction rose 
38%. Thus production of these two major cereals stayed ahead of population growth. 
(See Table 1.) 

(8) A "Special Report" has been included in this publication, CIMMYT Review 1978, 
giving recent information on the spread of semi-dwarf wheat varieties developed by 
CIMM YT-INIA and their predecessor agency, 

This Report indicates that the high yielding wheat varieties were grown in 1976.77 ofn 
29.3 million hectares," that the high yielding "package" varieties and accompanying agro­
nomic prctices have now added 24 million metric tons per year to the wheat harvest in 
developing countries compared to the average harvest it1the mid-60's, that if the develop­
ing countries had imported this additional wheat instead of growing it themselves, they 
would have spent at least USS3,400 millions in added foreign exchange for grain imports 
in the single year 1976-77. 

(9) The maize program set a different kind of growth record in 1977. CIMMYT re­
ceived requests that year for additional seed of experimental maize varieties from 40 
national programs among the 55 countries which grew international maize nurseries. 
Never before had there been such evidence that nations were multiplying maize seed of 
experimental varieties from Mexico and preparing for tests on farmers' fields. These tests 
often lead to thJ naming and release of new varieties. 

(10) Not all the news has been favorable. Developing countries have continued in the 
mid- 197 0's to import 20.25 millior. tons of food grain a year. And in the disastrous year 
of 1974 the developing countries imported almost 50 million tons of grain at a cost of 
over USS10,000 millions in a single year. That is unfinished business for CIMMYT and 
other international institutes. 

Table 1, .. Performance of 6 cefeals Indeveloping countries 1961-65 compared with 1971-75, 
Annual area Annual yield Annual prbduction 

1961-65" 1971-75' '-' - - 1961-65 1971-75
(million (mlliorn Increase 1961-65 1971-75 Increase (million (milln Increase


Cereal ha) ha) (percent) (kg/ha) (kg/ha) (percent) m.t.) m~t.) (percent)
 
Rice 85.8 93.0 8 1614 1884 '17 18 175A4 27:


~Wheat '50.4 ~'613' 22',7' 976 '1211 24 "' 49.2' 74.3 50

Maze9 44.8 53.4 '19 1132 ' 350.7 '16 70,1
1313 38

Sorghum, 33.1 ,>35.1-,. 6k 628 .a803 28,, 20.8, 28.1 35

Millet_:, -1 34.1 .36.2, 6; 521 540 4 17.8 19,6 11

Barley ' 16.6' 15.4 . 7") 937 '1083' "16' 15,5k 16.7 8
All cereals* 270.7, v:299.9 11 1098 1296 18' 297.3 388.9 31 

Sou rce: FAD Producio Yearbooks.a4~ r L-a
 

*Includes cereals not listed. ' I'~'' ' ',' 
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1979 Onward: Future problems, Future opportunities.
This collflneitary f/ow turns from past developmeltS to a look at fbete. re,prop.cts -.assessing soiie pruhlemns which will face CIMMYT in? the 19 8 0s, alonq v,ith new oppor­

ttmttis for offective e55 
(1) Population growth: From the mid.60's to tlumid-7's, the population of de velop­ing cow tries rose 30%: fromn about 1500 million people to aon:i tfollowing decade 1900t ' lions. For thefrom mid.7's to mid-80's -- growth will aqain be ,toutabout 30%from1900 millions to about 2400 millions. Some developing coil tricsome will gain less,mfore, I;ut the overall monetitum of populatlol, growth in Asia, Attica, and LatinAmerica is expected to change little by 1985. Eve,, uppromiv? to 2000 A.D., pre sent forecastso dramatic reduction in the growth rxte for LDCs. Projectioe, '17dicate about3300 millio, people in developing countries by the turn of the centt. This se.ts thetarget for food production,

For example, by 1985 the developing countries will be consuming ab,,lut 550 milliontons of grain per year, up 30 % from 1975. And by 2000 A.D..million tons of grain, up 67% from 
they w /U;conlsume700

1975. These are strai]ht lile projecrions arid do notprovide for increased consumption,by people whose incomes are risinlg.
If the future grain requirements in LDCs 
are restated it, yields per h ,'tare, the LDCs 
will n .,d: 

1975 -- 1.3 metric tons per hectare (the actual average yield
of all cereals in LDCs in 1975).


1985 --
 1.7 metric tons per hectare required.

2000-- 2.2 metric tons per hectare required.
This pressure of population growth will cotinue to confront CIMMYT in the 1980s.Wheat, barley ald maize -- CIMMYT concerns - contribute 40%of the graii harvest in

developing; couni trie,.
(2) Another perspective on populatiol growth is the 1ipherof pe'rsolns who depenld
for food ot each 
 arable hectare in developing countries In 1975, He LDCs used 670million,hectares of arable land to provide food for their 1900 millon people. That meantabout three prsolis were supplied food from each hectare in 1975. If w(,assume that thenulmiber of arable hctarescalnot be siglificantly increased, but that populatioo' will con?­tinue rising at 30,%per decade, each 
 arahle hectare will be expected to support 3.5
persons in 1985, alid 5 Persoisby 2000 A. D.
These averaqes, 
 however, colceal dramatic differences be twet developiug coitries.For exanph, ill 1975 Mexico used 28 mi/lion hectares to provide, fod for GO lillion?people, a little more thal 2 persots per hectare Ilo1975, EgIypt tvas attemnpti/g tostppo,-t 37 mli/lhlo people from 2.9 Imiillioi7 hectares, or 13 people per Ictare. .4nd inSouth Korea, populatiot in 1975 had malchold 14 persons per arble hectare.the population,increase (at current growth rate) 

If we project 
to 1985, Eg;'nt will try to support 16people per arable hectare, atid South KoreaThese pro/ecions to 

17.
2000 A.D. itdicate food situations very nearly impossible forsomie countries, a larger share ofpopulations will need ormploylnent off the land. 
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Table 2 indicates the number of people per arabl(i hectare li 1985 aild2000 A.D. fot 

selected countries, assuming tl:at arable hectares re/nain constatnt, anld population contine­

ties to grow at the same rate as in 1965-1975. 

Table 2. . Population per arable hectare in selected countries, 1975, 1985, 
and 2000 A.D., assuming no change in population growth rate. 

Populatlkn Annualral Population , Polpulatlon 

Arable Population per arabie of natural Population per srahbi Population per arable 

2D0 

Imillons) Imillionsti (person,) 1965.76 fr'illionsl (persons) (millilons) (Personil
 
hectare: 1976 hectare 1975 lncriae 11985 hectare1985 200 AD hectare AD 

Mtxico . 28 G0 2 3.5% 85 . 3 136 5 

Korea.llip. 2.4 34 14 2.0% 41 17 54 22 

6India 167 608 4 2.0% 741 5 , 983 

ChinaP.R. 129 823 6 1.7% 974 7.5 1241 10
 

Kenya 1.8 13 7 3.3 IS 18. 10 28 is
 

Tanzania 6.1 15 2.5 2,8% 20 3.5 30 5 

Egypt 2.9 37 13 2.3% 46 16 63 22
 

All L • 670 1900 3 2.5% 2400 3,5 3343 5
 

Source%:
 
Arable hectar sfrom FAD Production Yeatbook. Arabia hectaresincludes land used for both annual aid permanaent
crops. 

Population levelsand rote of natural increas from "Population Growth 1965.75" published by PopulatiOn Reference 

Bureau,Washinton. D. C . . .. .
 

Ratio of man to laid ectrapolated. - .
 

Figure 1 portrays this information graphically. 

These are not forecasts but only the approximate magnlitude of the food problem in a 
few countries, if growth continues without change. 

The man-land ratio is another factor influencing CIMM YT's program in tilh 1980's. 

(3) Population pressure upon the land (Figure 1) inevitably brings changes in the farm­

ing system Farmors need shorter season crops so that more crops can be grown each 12 

months on the same land. The People's Republic of China achievd adoubling of food 

prodiction during 1950-75 with the help of.shorter season crops which permitted double 

cropping many areas that grew only one crop before, and triple cropping some areas 
where two crops were growni before. Greater crop intensity reqtuired more irrigation and 

more fertilizer. 
Other changes occur in farming systems as population rises. Farmers substitute higher 

yielding crops, - for example, cereals replacing legumes in many places. 

The cropped area expands- into forests, into pasture land, up the mnnutain sides, 

into colder, drier, or poorly drained ar,.as, into problem soils. This expansion creates the 

need for new kinds of agricultural resarch. 
Changes in farming systems will speed up ini the 1980,, requiring further changes in 

CIMM YT's Program. .- r " " . 

IIIl lIiiIIiII
 



Figure 1. Persons to be fed from bach arable hectare in selected countries, 1975, 1985, 
and 2000 A.D. 

1975 
 1985 
 2000
 

Mexico A A x '(4A IfA 

SaAAAA 
(2)

^ [~ 
J(3)

,AAX4 
. 
,AA , 1 '(,,2j 

Korea Republic AAAA AAAAAA AX 

,4A (14) AAAAA (17) AX A 22) 
India AAAAA[iFAAA 

China P.R. A A A A A AA I It 

I IA 	 '(AA
(6) A (7+) Fi''A (9) 

Kenya 	 / A 0 A AA j A4 4 A A A A (15 
Eya 
 A 	 AAA A '"AA AAAA 

(7) A (15) 

A 	 44A AAA A ( AAAA A,, I A AA (2 

(13) 

Explanation of Figure 1:
 
Each rectangle represents 1arable hect-are.
 
The figures inside the rectangle repicsent th. population requiring to be fed from one
 

arable hectare. 
Assiumptions: 

(1) 	That atable hectars ,ill riot increase significantly during 1975-2000 A.D. 
(2) 	 T t population growth during 1975-2000 will continue at the some growth 

rate as in 1965-75. 
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(4) The role of national research programs will be changing. Farming systems are 
essentially country-specific or region-spocific. Research for changos in farm inq systems 
will not be accomplished at international centers like CIMMYT but in national and 
regional programs. CIMMYT hecame involved i? these studies throuqh collaborative 
arrangements For example, studies of the wheat-medicagq rotati m in Tunisla-Alge.ria 
resulted m ad.pted techtology which is now spreading to othercountries of the Mediter­
ranean region. The rotation of summer season rice and witnter seasoni wheat or barley in 
the Republic of South Korea has becolne the government's No. 1 priority. The rotation 
can be tested only locally, but CIMMYT is assisting with development of early maturity 
winter cereals for incoiputationinto the in tatio,'. 

In future, national programs may develop more and more of the experinmntal varieties 
which are tested around the world. But CIMMYT and other intt-national cent.rs will 
continue to provide? a)ccess to the world germ plas/n collections, and give leadership to the 
world-wide testing system. Service functions performed by i;ternatiolialcenters v,1,i thus 

become even more important in the 1980'.
 
19
(5) In the 80's the CGIAR foresees a slower growth of linancial resources. 

CIMMYT's program leadership will find it necessary to devote more time to the proper 
briefing of donors, and to the search for new support. 

A system of priorities, sufficiently objective to facilitate the allocation of funds, will 
require comprehensive ilformation on the role of various crops in huT atinutrition, and 
on farming practices and constraints. 

Fortunately, information on these questions is increasingly available throutqh the wide­
spread use of on-farmi research, through farm-level surveys, and through better contacts 
with the policy makers in developing countries. These activities initiated by CIMMYT 
program staff in the 19 70's will take on even qreaterimportatce in the 19 80's. 

Summing up 

To sum up: CIMMYT has acquired the essential elements of a "Center of Excellence." 
These are. 

A creative staff, including younkqer scientists rising to future leadership. 
Headquarters facilities, adequate for the present, well maintained. 
A network of research stations located in climatic zones suited to the needs of devel­

oping coulitries. 
A world-wide network of collaborating scientists for wheat and maize, committed to 

exchange germ plasm a/id technology, 
Good working relationsnips with the governments of developing countries. 
Credibility of do/o rs. 

A strong Board of Trustees. 



CIMMYT's direct nq staff will 1,o tested by the changes now foreseeable in the 1980's 
and will he /tudilled by how vvel it hances n.ew opportunities for effectiveness. The chianqes
htichirho." 

A p opulation qrovwth tate fur all L DCs,now 30 % in 10 years.
 
Pressure of mani tilpot ar,ab/ land, reachinq! 16 ind 17 persons per arable I,,tctare in
 

sone couintrlf,es hy 19,5. 
Farming systemns CkelIniog stexdily as population density rises, creating the need for 

new guidineos for research. 
The changig ro tot na tin nal proqrams, and along with it, a changing role for inter. 

I tioil ]centers. 
TIlh tor finances. 

With this aqmnda, the 198 0 's will be a strenuous decade. 

Haldore Hanson 

Director General 

El Batan, July 1978 
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Introduction To Maize Program 
World maize production for the year 1976 was 334 mi lion tons,
a record. Indeveloping countries the maize crop of 1976 was 73
million tons, equalling the previous high. (FAO Production 
Yearbook 1976.) 

But maize yields are increasing more slowly than
population in developing countries. And developing countries 
as a group continue to import about 5 million tons of ma'ze 
each year.
 

Imports indicate a food deficit. Higher yields per unit area
 
are needed if the developing world is to achieve self­
sufficiency and stay ahead of population.
 

Gap between researcher and farmerA wide gap exists between maize yields in research stations 
and in farmers'fields. In lowland tropical climates for example,
scientists in national programs generally achieve maize yields
of 3-6 tons per hectare, whereas national average yields in
farmers' fields are typically 0.7 to 1.7 tons, commonly belowone ton. Inthe highland tropics the gap is similarly wide - from
6-10 tons in the research station compared to 1.5-2,0 tons in the 
farmers' fields. 

CIMMYT urges these countries to test and demonstrate 
new maize varieties on farmers' fields, for two reasons: to prove
whether the new technology is actually better than the old,
under farmers' conditions; and to persuade the farmer that new
technology works on his land, Farmers are not persuaded by
what they see at the research station. 

Many governments are now introducing on-farm testing
for the first time. This will help narrow the gap between 
research station and farmer. 

-Ago&--1 



elivering neriw technology 
CIMMYT continues to employ many ways for moving new 
technology to developing countries. 

In1977 our international maize nurseries were grown In64 
countries. These nurseries display experimental material inthe 
developing world where they can be evaluated by scientists
and farmers, and the trials provide data which guide the 
worldwide network of maize scientists. 

Sixty more young scientists from developing countries 
were brought to Mexico in 1977 to work one cropping season 
with our staff. They are now back home, where they serve inthe 
international network. 

CIMMYT's headquarters staff travelled to 45 countries in
1977 to see the international trials, to visit former trainees, to 
observe production problems in farmers' fields, and to discuss 
policy questions which influence maize production.

In 1977 fifteen ClMMYT maize scientists were posted in 
regional and national programs outside Mexico. The regions
are: Central America and the Caribbean (14 countries served);
Andean region (5countries); and South and Southeast Asia (15
countries). CIMMYT also had staff posted in 1977 in the
national programs of Egypt, Guatemala, Nepal, Pakistan,
Tanzania, and Zaire. 

About this report
Inpages which follow, our staff has assembled an overview of
the recent :work in maize improvement. It shows some 
encouraging developments.

From current results we draw confidence that the 
worldwide network of scientists can develop new technology
at a pace which will permit maize production to stay ahead of 
population growth - for some additional years. 

E. W.Sprague 
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During the 1970's CIMMYT has evolved a number of germ

plasm pools (early stages of improvement) and advanced
 
populations (improved 
over many generations). Each year
selections from these pools and populations are tested in
Mexico, then the sdperior materials are tested by a network of 
more than 500 collaborators in over 60 countries. The 
judgment of the worldwide network thus guides the national 
programs, and CIMMYThelps develop more productive
populations and varieties for shipment to them.

The release of new varieties to farmers ,n developing
countries is a decision made eachby collaborating 
government.

This process of population improvement and varietaldevelopment is summarized in the Maize Pyramid diagram. 

JI ­
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THE MAIZE PYRAMID 

Farmer naoduction 
of now varieal 

National 

National 
demrionstration 

exeielvariety 

International 
elite experimental 
variety trials 

International 

experiment al variety 

trials 

t\ 

speGcia rwoect 

chdracteristics 

Advanced populationssm..... 

in Mexico niMach 

e_.ack-up pools 

in Meico 

. 

devel opin 

to three 

-diseases 

New germ plasm 
Germ Plasm Bank in Maxico 
International Introduction nurseries 
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National variety release 
Based on local farmer demonstrations, and worldwide data each national program decides w-hether to 
release a new variety, 

National demonstration 
National programs alone decide whether an elite experimental variety justifies wider demonstration onfarmers fields. CIMMYT supplies basic seed for Increase by governments. In larger countries. 
demonstration trials take place athundreds of sites.. . . 

*sites 

Elite experimental variety trials
Remnant seed of the elite varieties is increased inMexico to generate the quantity required for 200 test

the following year. For the first time, some trials are held on private farmers' fields. 
International experimental variety trials 
In Mexico during the off-season CIMMYT intercrosses the 10 best families from each site using rnverveseed and the random mating method, to produce an experimental variety which wilt be tested bycollaborators at 20-40 sites, worldwide, curing the following year. Data fromthese 2040 site- determine
the selection of elite experimental varieties for the' fotlowing year,. *20-40 sit.. detrmi 

r 

International progeny trial 
The 250 progenies from each population are sent to collaborators at five sites, worldwide, to be grown in 
250 5-moler rows, with six local checks, forming a 16 x 16 simple lattice with two replications. Ten bestprogeny are identified by the collaborator at each site, to form one experimental variety forihe following 

* . year. 

From collaborators' data CIMMYT Identifies the 10 best families giving superior performrnce across alltest sites, and uses these to develop an "across-site" variety. CIMMYT also identifies 100 families on thebasis of across-site performance to reconstitute the advanced population for the next generation. 
Advanced populations InMexico 
Herm materials continue to be grouped by agro-climates, but unlike the pools, the advanced populations.
have compieted several generations of selection for better plant type, better disease and Insectresistance, better yield. These populations are grown in Mexico, and 250 superior families (progeny) aredeveloped from each population for Internaltional testing every second year. 

'Special projects'deal with specific characteristics like shortermaturity, wider adaptation, moreefficient tropical plants (those putting a larger amount of dry matter Into grain) and drought
tolerance. 

* 'Collaborative research' develops resistance to three diseases: Jowny mildew in Asia. streak 
virus in Africa. corn stunt in Latin America.' 

S 

I!: 

.pools 

Back-up pool,. In Mexico o
Here germ plasm Is claisified into 34 pools (genetic soups) according to three ctln'ttic regions (tropical
lowlands, tropical highlands, temperate zone), four grain types (flint or dent, white or yellow), and threelengths of growing season (eally, Intermediate full season), There are 12pools for the lowland tropics, 14for the highland troplc. 4nd 8 pools for the temperate zone. The pooda'are grown every year !nMexico and seed from superior families Ismoved Into tMeappropriate advanced populations .. 

* i' 

New germ plasm * 
'Each year new germ plasm is tested and some Is selected for addition to the back-up pools. Selections 

may come from the germ plasm bank (13,000 accessions of varieties, fines, wild types) which are 
*"rcontinuously being classified; or from Introduction nurseries (new materials received from natior al

programs) - * . . * , 
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The germ plasm bank is a service unit for researchers. The 

bank unit maintains and regenerates seed, tests and catalogs

them and ships seed to users.
 

The 13,000 items in the CIMMYT bank were gathered from 
46 countries mainly by an agency of the Mexican Ministry of
Agriculture during the 1940's and 1950's. Over 90 percent of the
collection consists of the species Zea mays L. The collection 
also contains the near relatives Zea mexicana and Zea 
perennis. 

Agio-climatic characterisrtcs :onsidered in clasifying maize gene poo;s. 

0- 1600a O301 N S .5 2'UC L PT) ,0 , 60
0 1 GO 0- 0).100N S .'52, 1,060 (0(- 1()0 0-30" N S 7"C UP to, 100 

(.O 0a;30 "I1: 1+5i7"- Uz, I.' 70 AItJ.,1 27' 
600 0 201' N,; 15 1 C; 709 1),.,t 1(0O1600 0 30, 1.5 I 7'C 9.5 120 AI,. t 'Y-1, 

D 1600 30-30)" N-S I:0 2°C Ul To O' AIh.-,, 1?,,01600'i6 a' 30-10 N'S 20 .1211C IO-15 1SO5,0 
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The bank is held in concrete chambers at a temperature of 
0 degrees C. There are over 18,000 labelled storage tins of 2­
liter and 4-liter capacity containing 40 tons of seed. The tins are 
arranged on steel ohelving like library stacks. 

A duplicate seed supply for the CIMMYT collection (500 
grams per item) is being deposited for long term storage at the 
U.S. National Seed Storage Laboratory in Colorado. 

Fresh seed was grown for over 8000 bank accessions between 
1969 and 1976. In 1977, seed for another 122 highland 
accessions and 200 tropical-temperate accessions was 
regenerated in Mexico and added to the bank. 

Over 8000 of the bank items have been documented for 
agronomic characteristics, and 3000 of them tested in 
replicated yield trials. A catalog on computer is in preparation 
giving name of each accession, country of origin, agronomic 
information, current quantity of seed, location of storage tin, 
etcetera, Collaborators on the catalog include the Information 
Service for Genetic Resources, Boulder, Colorado, and the 
International Board for Plant Genetic, Resources. 

; . 

" tva rk ,:e ty vf more 

t. . " ' j onir ie. . . .! 
rators imovor 6 
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Shipments to clients 
CIMMYT offers free samples of seed from the bank to allresearch organizations, From 1966 to 1976 the bank made 647shipments to 80 countries, representing morethan 27,000 seeditems.During 1977tiere were 44 shipments totalling 2461 seeditems to 23 countries. 

CIMMYT continues to fulfill the role of caretaker of the
world's largest maize collection. 

S 

,V, 

':.-i]!. 

Flow of Germ Plasm 
Each year, raw germ plasm newly arriving at CiMMYTordrawn
from the bank is tested, and the superior materials are added tothe back-up gene pools. After recombinations andimprovement, superior progenies from the back-up pools aremoved into the advanced populations. Superior progeniesfrom the advanced populations are moved to the nationalprograms for use in their research and production programs.This continuous flow of germ plasm is an essential part of

CIMMYT's delivery system. 
introduction nurseries 
During 1977 over 1000 materials newly arrived in Mexico fromnational programs were planted in observation nurseries. Thebest will be moved into the corresponding back-up pools in1978 A few will be further improved in the breeding nurseriesbefore they are incorporated. New materials are especiallyneeded for earliness and disease-insect resistance.. 
Materials from the bank
In 1977, 500 bank accessions of tropical character wereevaluated at two sites (Poza Rica and Tlaltizapan), 500temperate accessions were evaluated at Tlaltizapan, and over300 highland accessions at El Batan and Toluca. Severalsuperior materials were Identified on the basis of their multi­site performance and will be added to appropriate back-up

pools in 1978. Other selected accessions will be further
improvied in"1978 in thei breeding:nursery: before being 

incorporated into the pools. 

i i; 
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Improvenient of pools 
All highland, temperate and tropical pools were improved 
during 1977 by the method of half-sib selection as modified by 
CIMMYT. The 400 to 800 families comprising each pool were 
planted in a'--pattern of two female rows alternating with one 
male row. Male rows were planted with a composite of seed 
giving equal representation to superior families in each pool. 
Female rows were completely detasseled. Tall, diseased or 
otherwise undesirable plants in the male rows were also 
detasseled before shedding pollen. This avoided pollination of 
femae rows from inferior males. In early maturity pools when 
70% of the plants in the pool had silked, all male plants were 
detasseled. This prevented the late male plants from giving 
pollen, and the late female plants from receiving pollen, thus 
eliminating both from the pool. This procedure appears to be 
effective in reducing the maturity period. Each pool was grown 
at least at two sites. At harvest, best ears from the superior 
plants from superior families at each site were selected to 
reconstitute the pool. 

Improving pest resistance in the pools 
: 	 Five tropical pools were artificially infested with the larvae of 

the fall army worm (Spodoptera frugiperda) in order to raise 
the level of resistance to this pest. One-half (8 plants) of each 
half-sib family was infested and the other half protected by 
insecticide. 

This permitted the evaluation of the family for insect 
resistance as well as other agronomic characteristics 
simultaneously. Best plants in superior families were hand­
pollinated and resulting seed entered the pool the next season. 

Artificial inoculation for ear rots was carried out in three 
tropical pools. Several plants within each family were selfed 
and then inoculated. Clean ears from inoculated p.ants formed 
a significant part of the pool the next season,. 

While gene pools were being improved for these specific 
characteristics, care was taken that their genetic diversity was: 
not reduced. 



Advanced Populations 
In 1977 two new populations were promoted to the AdvancedUnit. These are Templado Amarillo 02 (ipTT41) and Amarillo
del Bajfo (IPTT45). These are meant to serve the temperate and
sub-tropical maize areas the
of world which need earlymaturity in yellow kernel types. CIMMYT now has 24 advanced
populations for temperate and tropical lowlands. An additional
six populations are being developed forthe Andean Highlands.


Each advanced population is handled in atwo-year cycle

- one year of improvement and regeneration in Mexico
following a full sib system and asecond yearof multilocational
testing (at six sites) throughout the world. The top 100 families are identified on the basis of across site performance in yield,
maturity, plant height and other agronomic characters andremnant seed of these superior families is used to startthe next
selection cycle of each population.

Populations that have given top performing experimentalvarieties and elite varieties are Eto x Illinois, AmarilloSubtropical, Blanco Subtropical, Mezcla Tropical Blanco, andTuxpero Caribe. Analysis of data indicate that selection forwide adaptation, which is essential for superior performance,
has been quite effective. 

Families are 
evaluated for insect 
resistance and other 

S-agronomic charactet. 
.409= 1st/cs, simulta-neously 
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The plant protectiori staff (pathol3gy and entomology) work as 
part of the interdisciplinary maize team. They assist the 
process of developing disease and insect resistance by 
evaluating and selecting in raw germ plasm, the back-up pools, 
and advanced populations in Mexico. They rear insectsand 
produce disease inoculum. They engage in collaborative 
research with national programs and help to identify pests and 
pathogens in many .ountries. 

fOr 

f r Is o nd 

:P 1edup ,sc• i" ,: re~itaoco? :! !"' 
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imnprovement for insect and disease resistanceTo determine how families of maize f rom populations react to
insects and pathogens, the plant protection scientists subject
these families to timely artificial uniform infestations and/or 
inoculations. 

For disease resistance advanced populations areinoculated with stalk and ear rotti;'gorganisms. At harvest thepathologist scores each family for disease damage, and 
progenies with the least damageiar retained for succeedinggenerations,. I
 

For insect resistance, 
 the populations are artificially
infested with larvae of fall army worms and sugarcane borers.
These are the most widespread and impdrtant maize pests inMexico and the tropics of the Western Hemisphere, At
appropriate intervals after infestation, visual ratings for insect
dlarnage are made for each family. Progenies showing the leastdamage (most resistant) are retained and the most severely
damaged(most susceptible) discarded. 

Under recurrent selection pressure with the uniform 
' 
artificial infestation and inoculation techniques whichCIMMYT has developed, the populations should gradually

increase in resistance to these important diseases and insects., 
Insect-rearing laboratory
Large numbers of lsect larvae are required to artificially infest 
the families of the pools and populations. An insect rearing
laboratory' has been established which has the capacity to
poduce the insct larvae required to infest the progenies to beevaluated. In the last 2 cycles of 1977 CIMMYT produced over5,000,000 Spodoptera frugiperda larvae that were used for
infestation, and over 100,000 Diatraea saccharalis arvae. 
Laboratory colonies' of the corn earworm (Helath/s zea)Southwestern corn borer '(Dlatraea~ gradiosella), andneotropical corn borer (D. lineolata) have also beenestablished. As rearing technique for these species become 
more efficient, maize materials will be evaluated and selected 
for resistance to them. 
Larvae replace egg masses ',
In 1977 a new insect infestation technique in the maize plots
made infestations more uniform and speeded up insect
resistance work.'' 
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Previously the entomologists infested the maize plants
with egg masses on squaresof wax paper which were pinned to 
the maize leaves. and as the eggs hatched, the larvae began
feeding With the new techniquie, egg masses are hatched in
the aborntor, l,,;jrv\a mixed in an ' re inert carrier (ground corni 

ob'd. f. 0,.t;re3aplieo mamze plant whorls with a, in 
poitaNe Oeld aT!irhalor (hazoka Tn,.,new techniquie shows 
se ai ad a',!11a es 01 use of the laval mixture facilitates 
h rdling loth n thu: laboratory and the field, (2) field 
apci cation is 3 td 4 times fabler (up to 1500 plants per man­
hour) 3 infestation is more uniforn (the number of insects 
per plant vanes only 15%), and (4) escaping plants are very few 
1 to 5 plants per 1000). 

Starting in 1974 a collaborative breeding project was organized
between CIMMYT and six strong national maize programs, 
which are joritly developing germ plasm resistant to three 
damaging diseases of maize 

The Aiseases are downy mildew (Sclerospora spp.), a 
fungus .,a.se found in from toAsia Indonesia India but 
spreadina 7o other continents: maize streak virus. 

sseroma, a;; leaiopper (Cicaduhna spp.) found in 
tr"P lra: lind cur: stunt disease diseminated Ly a 
ie.:rf, , iDait; s p5:) in tropical Latin America.o 

The paricipating natonal programs in clude two Asian 
countries. , hadland and the Philippines. two African co itries, 
Tan;'ana ancl Zaire; and two Latin American countries,
Nicaragua and i Salvador Each country is situated in an area 
wherC one of the diseases s severe 

In1974 CIMMYT assembled in Mexico three broad -based 
mamze populations which could have general acceptance imthe 
tropics f they carried resistance to the three diseases The 
three base populations, plus 93 other heterogeneous materials 
were crossed to sources of resistance to the three diseases. 

In1975. 4000 experimental progenies selected from these 
crosses were to thesent six participants, to be screened forresistance to thte disases. All 1975 plantings in Africa were lost 
due to droughit, thus delaying tne streak virus studies 1 year.
But families resistant to downy mildew in Asia and to stunt
disease in Latin America were identified by the collaborators 
and self-poliinated. 
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In the spring cycle of 1976 those families identified forresistance in Asia and Latin America were recombined in
Mexico, using selfed seed from resistant plants identified in the
 
diseased areas. After recombination; plants were selected andseed was again sent to the six collaborators for planting in the 
autumtl of 1976. 

The same process forall 3 continents was repeated in 1977 
and is proceeding again in 1978. Sub-populations have nowbeen assembled for resistance to each of the three diseases, ineach of the three base populations. Over a period of years, the 
genes for resistance to the three diseases should be. 
pyram ded, and the. level of resistance improved. 

i!K ....i~,,
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Protein is unsatisfactory in most maize. In.a commercial maize 
crop, protein ranges from 9 to 11 percent of the grain weight, 
which is adequate for balanced human nutrition if all of it could 
be utilized. But maize protein is low in lysine and tryptophan, 
two essential amino acids, Because of inadequate lysine and 
tryptophan the body can utilize only half the protein in normal 
maize. Lysine is typically 2 percent of protein in normal maize, 
whereas 4 percent would be needed to permit use of all the 
protein, 

Scientists at CIMMYT and elsewhere have been working 
for a decade to improve the quality of maize protein. 

Maize protein can be improved by introducing one or more 
mutant genes affecting endosperm quality but the added" 

genes bring undesirable effects which have to be corrected in 
order to make the high quality protein maize acceptable to 
farmers. 

One breeding approach is through opaque-2 mutant gene 
(the name comes from the appearance of the kernel), but 
opaque-2 maize has serious defects: 

1) Reduced kernel weight, 
2) Unacceptable kernel appearance, 
3) Greater vulnerability to ear rots, 
4) Slower drying of grain, 
5) More weevil damage during storage. 
Since 1969 CIMMYT breeders have been selecting 

opaque-2 populations with modified hard endosperm, normal 
in appearance, resistance to ear rots, and higher tolerance for 
stored grain insects. This is a slow process. 

Continued progress in 1977 was indicated by the 
following: 

(1) CIMMYT has now developed 34 gene pools and 5 
advanced populations carrying the opaque-2 gene and is 
growing these materials two cycles a year to select for hard 
endosperm and other improved characteristics. Some 
materials have reached F4or F5 generation. Much progress has 
occurred during the past three years. 

(2) We now have opaque-2 maize materials that are very 
similar in kernel appearance and y!eld performance to normal 
materials. In 1977 eight experimental varieties carrying the 
opaque-2 gene were tested at 38 loca.!ons worldwide. Among 
the first six locations reporting results, the top opaque 

26 

. . . . ~~ ~~~~. I II I ~ III 




experimental variety outylelded all checks at five locations,

The checks included commercial hyds.
 

(3) Seven national 'maize programs are each developing
open-pollinated maize varieties with improved protein quality

suitable for their agro-climate (Ecuador, Ghana, Guatemala,


* Nepal, Philippines, Tanzania, and Zaire), Twenty-five
* governments requested additional seed for opaque-2maizes in


1977 to prepare for on-farm trials.
 
(4) For Andean countries where farmers prefer floury


maizes (large soft kernels) CIMMYT has crossed the local
varieties with carriers of the opaque-2 and the progeny are

undergoing selection in the South American highlands in 1977
 
and 1978.
 

(5) A composite of two mutant genes, called opaque-2x

sugary-2 has been made at CIMMYT' and 
 is undergoing its
second recombination in 1978. Although no results can yet be

forecast, bicihemical analysis indicates higher total protein

but no change'n the amino acids lysine and tryptophan when
 
compared to the soft endosperm opaque-2 types. 

cimmyr isdievelop. 
4 ing opoque-2 maize 

materials that are 
very similar in kernel 
appearance and yield 

* performance to 
normal varieties, 

with high quality 
protein asa bonus. 
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Little maize has been planted commercially with high
quality protein. USA, Brazil, Colombia and Yugoslavia have 
released opaque-2 hybrids which are grown mainly for animal 
feeds. In the USA less than 200,000 hectaresof opaque-2 maize 
is grown. 

CIMMYT believes that a breakthrough on commercial use 
of high quality protein maize will come only when a variety
carrying the opaque-2 gene shows yields and agronomic 
performance equallifg or surpassing the existing normal 
varieties, and the protein quality is a bonus. 

International Maize Testing 
In the spring of 1977 CIMMYT shipped seed for maize trials to 
55 countries. This was the largest number of collaborating
countries in CIMMYT's 12-year history. Participating countries 
increased from 38 in 1975 to 49 in 1976, to 55 in 1977. In 1978 
there will be further expansion to 62 countries. The number of 
participants is determined by national requests, and reflects 
the growing awareness that experimental varieties developed
from CIMMYT populations are outyielding many commercial 
varieties and hybrids now used by national programs. 

The 1977 shipments included 71 progenytesting trials, 196 
experimental variety trials, and 186 elite variety trials. 

By December 15, 1977 (cutoff date for the preliminary
report) results from 104 of the 1977 trials had been received in 
Mexico. A preliminary report was issued from a photo copy of 
tne computer printout without need for typing the data tables. 
This report was distributed to all collaborators within the 
calendar year when the trialswere grown. Such rapid reporting
permits the 1977 preliminary report to guide the 1978 plans 
both for the worldwide collaborators and for CIMMYT. 

In May 1978 a supplemental report will be issued on the 
1977 trials, incorporating all data received to that date. Data 
received after May 1978 will be distribut6d as addenda. Delays 
inreporting worldwide trials are caused mostly by the range of 
planting dates for different latitudes. 
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Internation-l piog.eny te tifl- Iri; is
 
For the fourth 
 year, progeny trials were distributed to
collaborators in 1977, this time to 71 locations in 23 countries.

Each collaborator received 250 progenies from an advanced
 
population, which he te)sted against the best local varieties

(checks), and was asked to 
choose the 10 best progenies.
Selection criteria included higher yield, shorter plant height,

fewer days to flowering, resistance to diseases, and resistance
 
to lodging.


The 10 best progenies from each site are then intercrossed
in all possible combinations by CIMMY Fin Mexico during the

winter of 1977-78, to create an experimental variety which

carries the name of the site where the progenies were tested.
The experimental varieties will be tested by many more
 
collaborators in 1978.
 

Half the collaborators reporting by December 1977 found

the 10 best progenies at their location outyielded the best

checks by more than 10%, afew by more than 50%. Some ot the

best progeny also had shorter plant height, fewer days to
flowering and superiority in disease resistance and lodging

resistance.
 

So far, CIMMYT has developed 110 experimental varieties
based on data from the 1976 progeny trials, and 55experimental varieties based on the 1977 progeny trials.Additional experimental varieties will be developed when data
is received frorn the remaining locations of 1977 progeny trials.
 

In 1976, 140 locations submitted data on experimental variety
trials. Of these, 75 locations reported yield increases from 10% 
to 153% over the local check varieties and hybrids.

In 1977 seed for experimental variety trials wasdistributed 
to 196 locations in 53 countries. Each collaborator was asked 
to grow the trial with superior local varieties or hybrids as
checks, and to report the results to Mexico. Data from 31locations were received in time for the preliminary report. In27
of the 31 trials reported, the best experimental variety
outyielded the best check; at 70% of the locations the yield
superiority was 11-39%. 

From these experimental varieties, about 30 elite varieties
will be selected for seed increase and testing by a wider 
number of collaborators in 1978. 
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Elite variety trials 
In 1976 data were received from 125 locations in the elite
variety trials. The reports indicated that at 59 locations the top
elite variety outyielded the best check variety or hybrid by a
margin of 10 to 79%.~ 

The year 1977 was the second year In which CIMMYT
distributed elite varieties for trial,

One of th 1977 trials (No. 18) consisted of 14 elite varietiessuitable for the lowland humid tropics, and containing..normal" protein. These were tested in44 countries of Central
America and the Caribbean, the.Andean region of South
America and Brazil, in 18 countries of Africa south of theSahara, and the region of South and Southeast Asia, Eachcollaborator tested the 14 elites against the best local varieties 
and hybrids. 
leratoa Maiz 0r~s175-'M t~~~'< 

Relnd arto 1975 -7976~1977 '1958 

Central Amerlcanvafld Caribbeanb 12 196<v'h 163& 22218Antiguaj ~0'~ 0' 1 1j
Baams'0 2 2 2

Belize~fc 1 7cotB c 4~ 6 
Doinc 11l 0 140 0 0 4Dominican Republic i4 5511El Salvador 1, 121 9 14

-Geado 2 1 2 
'Hitidua& , 7, 10 12Jamaica' 15. 11 22 

Mxicogi 63 76' 67 63Niaaa Paaa7 1 10 7 15'St ,Kttsf 10 10 '190.1 0 0 1St: inceant
,.rndd0 0 0 0 '17 6' 8South America~$ , ~ 'Ar ntipa-< 5 90 96 111

-7. 6 6
Bo~va14 10 12Brazil '29~ 6 '8 39 29Chile1 1 3Cooba'11 17 10 13Ecuador ' 4 8 '8, 8' 10Guyana~~. ~ ~~ 0 3 3 34Pero 0 3 9 1Surinam,' 13 9 1Venezuela .10 

0 0- 3jMediterranean/Mideast19
Algeria~t~ J -~~''1~0o-

1 432 5'2~jgyp< 12 129 12Ilraq~ . ~ 0 1 5 6 

Saudi Arabia,, 0 1 3 4 ' 30 



The first reports received indicated that the best eit,

outproduced the best checks in 10 of 11 locations, by a yield

margin of 10-42%.
 

Elite trial No. 20 contained eight elite varieties considered
 
suitable for the subtropics or temperate zone. These were

tested in 28 
 countries at 48 locations. The pa:ticipatingj
ountrres irncluded many in the uplands of the Aadps, East


Africa, the Mediterranean and Mideast, 
 parts of South and
Southeas Asia, and tie higher latitudes of the southern

hemisphere. Since these testing sites have longei 
 growing 
seasons, and only four collaborators had report.!.d by

December 15, 1977, interpretation of the trial was deferred until
 
the supplemental report.
 

International Maize Trials 1975-78 (Con't) 
11 75 -1976 1q.7....-,78Req on and ra.ton . .. trials trials trials frials 

Slida 
 0 2 3 21: rla 0 0 C 3V" fkrya 05 A 4 42',mu, A I - 2 1 
Tropical ind Southern Africa J9 93 80 127 

onin (F. -V h..mn/ 0 3 1IB,.t war 
 0 22 3 
C !Ilro,:r. 0 10 6 7Ce A!:,iari Rt:,; 1 2 2 2Ethioua 1 6 3 12Ghana 3 5 3 4Giinea-IBsnIa1 0 0 3 3Ivoiy Coast 9 12 9 11Keonya 4 5 2 3LesoIh, 0 0 0 2Idalawl 
 0 4 7M fizam bique 4

3 0 6South and East Asia 53 96 61 87Afghanistar: 0 2 2 2B;!ngladesh 2 8 6 7India 17 19 12 19Indonesia 1 0 0 5Khmer 1 0 0 0Malaysia 0 2 3Nepal 7 24 7Pakistan 10 15 9 10Philippines 8 14 10 19Sri Lanka 0 7 2Thailand 7Other 5 1 11
0 3 1 2Canada 0 1 0 0Hungary 0 0 1 2USA 0 2 0 0


TOTAL TRIALS 
 312 509 453 599
TOTAL COUNTRIES 38 49 55 62 
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" Requests for seed increase 
* 	 Forty governments asked CIMMYT for supplemental seed in
 

1977, with irtention to increase the seed fordemonstrationson
 
farmers' fields. Such a step often precedes release of a hew
 
variety. CIMMYT has never before experienced such
 
widespread response in one year of maize testing. Seventeen
 
governments requested supplemental seed in 1976, which was
 
the largest number up to that time. Itappears that two-thirds of
 
all countries collaborating in the maize trials are considering
 
the release of new varieties derived from the international
 
trials. The seed requests came from many continents
 
indicating wide adaptation of the new varieties. Seed requests
 
in 1977 came from: -


Central America and the Caribbean, 9 countries 
South America, 7 countries 

-Mediterranean and Mideast, 5 countries 
Africa, south of the Sahara, 8 countries 
South and East Asia, 8coutitries 
Oceania and North America, 3'countries. 

1978 international trials 
The distribution list for maize trials in 1978 will cover 599 
locations in62 countries, another expansion Thisincludes72 ­
progeny trials, 321 experimental variety trials, and 206 elite 
variety trials. 

The maize populations in Mexico have now been divided 
into two groups, and only one group of populations will be 
planted to produce progeny each year. This schedule permits 
one full year to retrieve the trial data both north and south of the 
equator. 

In 19,78, seed are 
being Preparedfor :, 

distributionin 
maize trials that U 

will cover 599 

locationsin69 
countries, anothar v 

expansion. 
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Special Research Projects in Mexico 
When CIMMYT investigates new techniques and ideas for
 
improving specific characteristics of the maize plant, it
 
sometimes creates the
a Special Project, and researcher
 
confines his study to one or a few populations. Any general

conclusions from a Special Project can later be applied to all
 
parts of the program. 

Four special studies are now under way, dealing with yield
efficiency Intropical maize, shorter maturity, wider adaptation, 
and drought tolerance. 

Yield efficiency In tropical germ plasm 
Tropical maize produces too much foliage and not enough
grain when compared to maize in the temperate latitudes, A 
Special Project Is looking for more efficient tropical plantswith
higher harvest index. This means a higher percentage of grain
weight in the total dry matter of the plant, Several approaches 
are being tried. 

First, researchers have taken seed of the population
Tuxpetlo-1, divided it into three parts, and are selecting
separately for three specific traits: shorter plant height,
reduced tassel size, and reduced foliage. By summer of 1978 
five cycles of selection will be completed and an evaluation is
planned for possible changes in grain yield efficiency under 
each trait. 

Two other populations - unrelated to Tuxpero-1 - are 
being subjected to additional studies. In Eto Blanco,
researchers are selecting simultaneously for reduced tassel 
size and reduced foliage; in Antigua into Republica
Dominicana, they are selecting separately for reduced tassel 
size and reduced foliage. This part of thestudywill continue for 
additional cycles of selection before evaluation. 

In a third approach, researchers, are' making crosses 
between temperate maize varieties with good harvest index,
and tropical populations with good survival ability in the 
tropics. The objective isto combine the two characteristics ina 
tropical maize, The strategy will require systematic
recombinatlon over many generations, and simultaneous 
selection both for tropical survival ability and temperate plant 
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architecture. CIMMYT has a large numberof crosses in various 
stages of mixing and mild selection. More years of mixing will 
be required before evaluation. 

Shorter naturity in tropical maize 
Many tropical maize growing countries seek good yielding
varieties which ripen earlier to fit a brief rainy season or a tight 
cropping sequence. 

A Special Project is employing several approaches to
develop earlier maturity with good yield. In one, short maturity
tropical varieties are assembled from lowland tropical areas all . 
over the world and composited. The present pool contains 33 
collections from Indonesia, one from Colombia (Guajira 314),
two from Honduras (Mata Hambre), one from El Salvador, and 
six from Pakistan (Bannu early group). These are being
crossed in various combinations, and tested at two locations 
before deciding which of the combinations will be included in.I 
the early maturity population. Initially no attention is paid to 
color or texture of grain. 

Another population being worked under this approach is an Indonesian-Colombian-Honduran mixture, in which the 
three parent materials had maturities of 72-85 days In their 
home counties, and the 3-way mixture now matureswith good
plant type in less than 90 days at Poza Rica, Mexico (lowland
humid tropics). This selection continues. 

Another approach is the crossing of the best tropical
"earlies" with the best temperate "earlies." The first tests by this 
approach in the summer season at Poza Rica gave maize lines 
which were harvested in 80 days after planting.

Another approach involves ;ecurrent selection for early 
maturity in an outstanding tropical population.

Progress to date suggests it should be possible to develop
earlier maturing tropical germ plasm giving better grain yield
then early varieties now give. 

Wider adaptation. 
In 1978 CIMMYT makes its 11th cycle of crosses in a maize 
population drawn from many climates (for example, northern 
Canada, equatorial Brazil, and the southern tip of Argentina). -
Initially, the cold climate materials would not set seed In thelowland tropics, and vice-versa, because of sensitivity to 
differing day lengths, temperatures, and diseases, Today the 
mixture sets seed in all maize growing climates. Inthewinterof 

.
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1976-77 selectsfrom this mixture grown in Canada, 
Colombia, Hungary and South Africa were recombined in 
Mexico and were tested in 1977-78 in Germany, U.S.A. and at 4 
sites in Mexico. This natural selection for wide adaptation 
continues. 

CIMMYT believes the special project in wide adaptation 
serves several ends! first, one widely adapted population can 
be used as a parent for transmitting wide adaptation to other 
populations; second, maize with adaptability gives greater
yield stability under climates with fluctuating temperatures;
third, wide adaptation in a parent serves as a vehicle for 
transmitting a variety of genes, almost anywhere in the world. 
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Drought tolerance 
Periodic drought is a 'major cause of yield loss in tropical 
maize. 

In 1976 researchers on a Special Project for'drought, 
tolerance indentified some families within the population 
Tuxpefio-1 which appeared better than others in drought 
response. 

To verify this, a number of experimental varieties were 
created from families which yielded best under different 
moisture conditions, such as no stress (full irrigation), 
moderate stress (irrigation withheld from emergence until 10 
days before flowering), and severe stress (no irrigation after 
emergence).

These entries were grown in a replicated trial at Tialtizapan 
station in the 1976-77 winter season. The triai demonstrated 
that it may be possible to identify criteria of selection for 
varieties which perform better, in relation to other varieties, 
under stress conditions. 

-I. " 
Selection for drought tolerance continues in one lowland 

population (Tuxpeio-l) and one site in Mexico (Tlaltizapan), 
This research will determine whether several cycles of 

selection can accumulate or pyramid genes for drought
tolerance, thus developing a maize variety that is better in this 
trait than the base material from which it was derived. 

Ile 

In drought ! 
tPsisrance 

";tudies,water 

ternsion ofplant 
i5meavaIred to 

determine stress 
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Crosses Between Genera (Wide Crosses) 
The maize crop possesses great variability and potential for

improvement. However there are certain 
 specific
characteristics that would be desirable to maize, that are not
found in the crop at present, and are found in related genera.
CIMMYT's wide cross program hopes to break down the
breeding barriers that exist between alien genera, and to make 
available these characteristics to maize. Tripsacum and 
Sorghum have been chosen for these crosses. Tripsacum isa
wild relative of maize which has shown a wide range of

resistance to diseases and insects which to
are a problem
maize, and Sorghum is able to yield better in drought and 
waterlbggdd conditions than is maize. 

Over 10,000 crosses were 'made between -maize and
tripsacum in 1977, and ten new hybrids were identified, Six of 
these were classical hybrids that retain the expected
complement of chromosomes from each parent. These six
resemble tripsacum in appearance, and like the tripsacLm
parent they take two years or more to flower. Thus the hybris
produced in 1977 are still in vegetative growth. Of the seven 
hybrids obtained in 1976 only one has flowered so far, It has
produced no viable pollen for backcrossing with maize or 
tripsacum. This hybrid does exhibit at least partial female
fertility and efforts will continue to obtain backcross progeny
(BCI), the first step to incorporate desirable characteristics of 
the alien germ plasm into maize: 

Four hybrids Identified in 1977 were not of the classical 
type. Erratic chromosome elimination occurred so that 
different cells of the same plant contained various numbers of 
tripsacum chromosomes, less than the expected number.
These plants were more maize-like in appearance and, like
maize, flowered within three months of germination. These 
were pollinated with maize and already BC1 seed has been 
obtained, In such hybrids (if they are fertile) the incorporation
of desirable characteristics can be made more rapidly and
these can be tested for useful characteristics far earlier than 
the classical type. 
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These hybrids have one disadvantage over the classical 
type. They are annual with one flowering tiller only, and if they 
are sterile the genotype is lost within a few months. The 
classical hybrid is perennial, and produces many tillers for 
experimentation. 

Over 17,000 crcsses were made between maize and 
sorghum in 1977 and four new hybrids were identified. All 
these are more maize-like in appearance, and erratic 
chromosome elimination has occurred in all of them, giving 
aneuploid progeny as in some of the maize-tripsacum crosses. 
A total of eleven maize-sorghum hybrids have been produced 
at CIMMYT during 1976 and 1977. None has given viable 
pollen, but two have been partially female fertile, and these 
have given 33 backcross progeny with maize pollen, from 
which subsequent crosses have given an array of different 
plant types. These are being crossed further and assessed for 
desirable characteristics. 

CIMMYT needs a much greater number of hybrids with 
wider genetic diversity to use in plant improvement. For this 
purpose the scientists in Mexico are seeking collaboration with 
other institutions who specialize in related areas of research, 
so that progress may oe speeded. 
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Maize Training 
CIMMYT offers several kinds of training and experience to
 
maize scientists from Asia, Africa, and Latin America:
 

-In-service 
 training: generally 5 to 6 months residence
 
in Mexico.
 

-Master's degree 
 program in cooperation with
 
universities in Mexico or USA.
 

-Predoctoral fellows: 
12 to 18 months in Mexico to do 
their thesis research under CIMMYT supervision.


-Postdoctoral fellows: 2-years service as an associate
 
on CIMMYT staff.
 

-Visiting scientists or short-term residents.
 
!n-se rvi(,4. lrirninq
 

The maize in -service training program is only 7 years old but 
already 345 participants from 47 countries have passed
through the course, including 60 in 1977. About one fourth 
specialize in crop improvement, and the rest in production 
agronomy,

In-service training is designed to develop skills in field
research, production management, and laboratory 

i 	 Traininq c((JrSS al 
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techniques, to give experience on an interdisciplinary team,
and to teach the relationship between improved technology 
and development The typical participant has had 5to 10years
experience in a government agency. The couises in Mexico 
stress learning by doing, and the discipline of working long
hours under heat, humidity. and torrential rains 

One feature of production training is the layout of 
agronomic trials on private farmers' lands, and organizing fie,d
days for farmers. This work is performed by trainees under 
supervision of the CIMMYT training officers and the Mexican 
extension zervice. The on-farm research helps identify the
limiting factors in yied and permits farmers to seiect their or ,n 
technology 

Starting in 1974 CIMMYT offered irt-servicetraining for officers 
from national programs who were proparing to give short 
courses for production agronomists in their own cotintry. Nine 
trainers have now been trined (Ectuador-3, El Salvadof--3, 
Philippines-!, Pakistan-2!. 

CIMMYT training staff members in Mexico are 
occasionally lent to national programis outside Mexico where 
they assist with local coL;rses Durig 1977 the maize !rainersin 
Mexico participated in short coiirses for productiLot
agronomists in E!Salvador. Nicaragua, Ecuador. and Nepal. 

During 1977 the maize program cooperated in the training of
three master's degree candidates in Mexico, two predoctoral 
fellows, and 11 postdoctoral fellows at CIMMYT in Mexico. 

At the beginning of 1978 the predoctoral and postdoctoral 
feilows came from 6 countries: El Salvador-I, Germany Fed. 
Rep.-1, Iceland-I, New Zealand-I, UK-2, USA-1. 

During 1977 the maize program received 25 visiting scientists 
and 64 short-term visitors. Visiting scientists are senior crop
researchers or experiment station managerswho spend a week 
to a year at CIMMYT to become familiar with world germ plasm
and CIMMYT research methods and philosophy, which may be 
useful in their own national programs. Short-term visitors are 
often agricultural policy makersand administrators who spend 
2 to 7 days at CIMMYT. 
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Maize In-service trainees 1971-77 . . 

*Region & Country 1971­1977 1977 Region & Countr. 197 197-

Latin America 
 165 25 PakistanArgentina - 19 311 0 Pilippines 16 2Belize 5 0 7 Thailand 10 24


Bolivia 7 0 
 1Brazil 3 01 North Africa and Mideast 22 5Colombia 
' 

6 1 Algeria 1 0% CostaRicaChil " 24 n1 EgyptEgypt . 121.. 2_ .

Chile_2 0 Tunisia 12 2Dominica : 1 1 Turkey' 3 0
Dominican Republic 9 3 Yemen A.R. 3 1 

* Ecuador 12 3 3 1El Salvador 20 0 Tropical Africa 91 15Grenada 1 0 Cameroon 91 05Guaemaia 14 0 Ethiopia 'Guyana 3 10 GhanaHaiti 6 0
7 2Honduras IvoryCoast23 5 Kenya '3 4.0 0
 

Mexico 14 4 Maleawi 1 0

Nicaragua 8 0 Nigeria 12 0 
Panama 
 4 1 12 0Senega
Peru- ' 8 3 Tanzania'VenezUela 37 1255 1 Uganda 1 0 

South and EastAsi ZaireIothndaia 65 14 Zambia -2 
20 0 

1 
Japan 4 1 OtherKorea' 1 £02 
Nepal 13 4 Total -345 &0 

LMd by Alepjandfro 
Vio/ic (right) , the 

' n inisrvice-sae 
.training progrdt has 
had 345 pArticipants 
froir? 47 Countries 
Since it bega sevn 

Years ago, including 

60m197 
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Maize Cooperative Projects Outside Mexico 
During 1977 and 1978 CIMMYT has posted 15 maize scientists 
to work with cooperative projects outside Mexico. Si;
scientists were assigned to regional programs and nine to 
national programs. 

Regional programs 
A regional maize program represents a linkage between 
CIMMYT and its collaborators. In several parts of the world, 
groups of maize-growing countries have entered into 
cooperative arrangements to improve their maize production. 
Regional groupings generally comprise neighboring countries 
in which maize is a major crop, grown under similar climatic 
conditions, encountering similar diseases and insects, and 
therefore benefiting from continuous exchange of technology 
and germ plasm within the region.

Typically a regional program will sponsor: (1) periodic
workshops among maize scientists of the region to review their 
past year's research and make plans for the following year; (2)
circulation of nurseries to be grown by all cooperators in the 
region, followed by exchange of trial data; (3) visits of local 
scientists to observe research in neighboring countries; (4)
training for maize workers, and (5) consultation by CIMMYT 
scientists posted in the region or travelling from Mexico. 

In 1977 CIMMYT maize scientists sharcd the activities in 
the following regions: 

Region I Number of .. 1977 Approximate CIUMYT Years ofHeadquarters cooperating population maize crop assigned Donor ICIMMYT 
- countries (million) (tons) . staff ________ Mrrangement

Central America 14 33 2,20-0,000 2. IDB . 1974-76and Caribbean -. Switzerland 1977­(Mexico)
 
South and South- 15 1183 17,300,000 -,1 . UNOP 1976
east Asia 

. I(India) 
Andean 5 69 2,500,000 3 Canada 1976(Colombia &
 
Ecuz*dor)
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Prior to 1974 CIMMYT attempted to monitor theinternational maize trials of these regions by travel of CIMMYTstaff from Mexico. But the volume of consultation made t
impossible to provide adequate service. 

CIMMYT staff for regional programs are attached to otherinternational centers or to strong national programs. 
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Ernie So'nague 
(left) Iwads a 

staff that 
*travelled to 45 

corier~s in I9 
to observe 
trials, visit 

fanner trainees, 

production prob­
/e'nis in regiona/ 
* 	 and national 

progras. 
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National programs 
A national maize program typically serves the following 
purposes: (1) to improve maize research in local experiment 
stations; (2) to test experimental varieties on local farmers' 
fields, thus helping to transfer technology from experiment 
station to the farmer; (3) to multiply seed for improved 
varieties; and (4) to provide additional training for local 
scientists. CIMMYT's assigned staff share in these activities, 
including the testing of germ plasm received from national 
programs and from Mexico, and the feedback of information 
on the suitability of these materials to the whole network of 
maize scientists. 

The following national programs participated in 
cooperative arrangements with CIMMYT in 1977: 

Population Start of CIMMYT Approximate
1978 CIMMYT assigned mai.je crop

Country (millions) arrangement' staff 1977 ' (tons) Donor* 

Pakistan 76.7 1968' 1 700,000 USAIO/Ford*Egypt 39.9 1968 : 1 2,500,000 Ford 
Zaire 26.9 1972 2 500,000 Zaire
Nepal 13.5 1972 800,000 USAID
 
Tanzania 16.4 1973 2 800,000 USAID

Guatemala 6,6 1976 , 2 600,000 USAID
 

CIMMYT requires 'extra core funds' for support of each national arrangement.
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The fourteen countries comprising this regional maize
 program have a population of 33 millions, increasing 
at 3percent a year. This is a food deficit area: local grain
production is 3.7 miilion tons a year, supplemented by imports

averaging 1.5 million tons.
 

Most people in region maizethe are eaters. Maizerepresents 60% of local grain production, and probably

contributes 60% of calories and protein in the diet.
 

Starting in 1974 CIMMYT assigned two maize scientists towork in this region. They spend more than a third of their timeconsulting with maize scientists in participating countries, and
meeting with agricultural policy makers. In 
 their remaining

time, they provide research and training services from Mexico

specifically adapted to this region.


The breeder on this team helps plan the annual research programs of the governments. recommends 
experimental nurseries should be shipped 

what 
from Mexico,
advises local policy makers on the requirements for research
budget, staff, and inputs: and helps organize workshops
 

among maize scientists of the region.

The CIMMYT regional agronomist promoteson-farm trials
for experimental maize varieties and conducts training courses


for extension agronomists.

Training in Mexico of young scientists from this region has
continued: 16 participants in 1975, 21 in 1976. and 12 in 1977.
Upon returning home, these young men join the collaborators
 

who conduct research on new varieties, and organize trials on
 
farmers' fields.
 

The year 1977 was the most active year so far for thisregional program. The CIMMYT breeder ,.nd agronomist spent
seven months in consultations 
 to national programs.Participating countries planted 114 nursery trials in theirresearch stations, and more than 500 on-farm trials. Fourworkshops were held in the region during 1977. Short courses were held for 120 production workers in three countries
(Dominican Republic, Panama. and Nicaragua). An economistfrom CIMMYT-Mexico began working with local production
workers in Honduras on farmer surveys to determine whatconstaints are affecting maize production. These surveys will
extend to other countries in 1978. 
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When the regional activities began in 1974, average maize 
yields in countries of the region ranged from 0.7 to 1.7 tons per 
hectare, mostly below 1 ton. Success of the program will be 
judged by the increase in yields over a period of years. 

flegion~t prorirn, South and teast ASia 

Fifteen countries of South and Southeast Asia have a 
population of about 1200 million people in 1978, increasing at 
more than 2.5 percent a year. They have a food deficit: local 
grain production is about 225 million tons a year, 

supplemented by imports of about 16 million tons. Maize is the 
third ranking cereal in this region, after rice and wheat, but 
under population pressure maize has been expanding faster 
than the other crops. In 1977 maize produced about 17 million 
tons of grain, with average yields in different countries of less 
than one ton/hectare, ranging from 0.8 to 2.2 tons, thus 
suggesting the feasibility of further improvement. 

Four countries in the region each produce more than 2.5 
million tons of maize a year (India, Indonesia, Philippines, 
Thailand). 

II 
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In 1976 CIMMYT assigned a maize breeder-agronomist to

this region to help in stimulating the exchange of technology

between governments, with efforts concentrated on: (1)

regional maize trials, (2) promoting thetrials of new varieties in
 
farmers' fields, (3) organizing workshops among maize
workers of the region, (4) arranging training for maizeworkers

either within their own country or elsewhere, and (5)
consulting with participating governments 
 on problems. iconstraining the maize crop. 

A new regional nursery trial for maize resistant to downy

mildew, a fungus disease, is being circulated by Thailand and
the Philippines, with, assistance from CIMMYT's regional

* 	 scientist ,
 
The national maize coordinator of India is assisting in
circulating other nurseries, for which seed is multiplied atICRISAT (International Center for Research in the Semi-Arid
 

Tropics).
 

Regional prog-am: Andean countries
 
Five Andean countries - Bolivia, Colombia, Ecuador, Peru,

and Venezuela - each had an overall food deficit during the
first half of the 1970's. The region produces approximately 6
million tons of grain annually and imports 3million tons. Maize

and rice are the largest local grain crops, and wheat is the

largest import.


In 1978 the population of this region will pass 69 million,

increasing at 2.9 percent a year.


CIMMYT maintains three maize scientists in the region,
headquartered in Colombia and Ecuador, to assist in the

exchange of technology between countries. Program activities

include: (1) workshops for maize scientists of the region; (2)
maize nurseries exchanged within the region, containing the
best varieties of the participating countries; (3) a breeding

program for "floury maize" (large soft kernels, preferred in the
highlands), assisted by a CIMMYT breeder posted at Quito,
Ecuador; (4) trials of experimental maize on farmers' fields,

encouraged in each country; (5) more training for local maize

scientists, either in local courses or in Mexico (38 maizescientists from this region received one season -of maize

training at CIMMYT-Mexico 
 during 1970-77); and (6)consulting by CIMMYT scientists on scientific problems which 
restrict maize production. . 

.
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" : The breeding program for highland maize has organized 
five nene pools (3 floury-type, and 2 flint-type) which are now 
undergoing improvement at Quito, Ecuador. 

Average maize yields in the Andean countries have been 
0 to 1.7 tons per hectare. The success of theAndean program 

wil be measured over years by the increase in these relatively 
tow yields, 
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.. : , : ... t k ist?:,m Na i onal Maize Proorom - . . . . . , - ., . 
Maize is the No.3 food cropof Pakistanr, a-fter wheat anid rice,
and helps to feed a Pakistan Population of 76.7 million (1978)
increasing 2.9 percent a year. 

'Since 1968 CIMMYT has continously posted one or two.maize scientists to collaborate with Pakistani maize research
and training. In 1977 one CIMMYT agronomist was attached to
the Pakistan Agricultural Research Council at Islamabad. Over 
90 percent of Pakistani maize is produced in two provinces, the
Punjab and Northwest Frontier. 

In 1977 the Agricultural Research Council program with
the provinces included the following: (1) testing national maize 
nurseries and international trials from CIMMYT and FAO; (2)
organizing workshops for provincial maize workers; (3)
conducting two training courses within Pakistan, and sending
three maize workers for training in Mexico; (4) working with the
World Bank agricultural mission to Azad Kashmir Province;
and (5) working with the Australian Government in the
improvement of the Pirsabak maize-sorghum research station,

The average yield of maize in Pakistan has risen 20 percentin the past decade, but population has increased 30 percent n 

the same period. 
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Egypt National Maizt Progs'arn 
Egypt now imports a million tons of maize a yearand 3 to 4 

OI n0'fvc, aLYa,", and th c ofit s risinq. PopuatKioF 
has passed 39 million, and grows at 2.3 percent a year,. 

Maize, wheat, and rice are the three largest grain crops of 
Egypt, in the order of area sown. 

CIMMYT has maintained one maize scientist to 
collaborate with the Egyptian program since 1968. The present 
breeder-agronomist in Cairo shared with Egyptian scientists 
during 1977 the following activities: (1) growing of 
international maize trials from CIMMYT and FAQ; (2) 
organizing trials of experimental varieties of maize on farmers' 
fields, in order to speed the adoption of new technology; (3) 
agronomy trials to develop better production practices; (4) 
arranging training courses for maize workers outside Egypt 
(sixteen Egyptian scientists received training in Mexico during
1971-76, including two each year in 1976 and 1977). Egyptian 
economists continued their surveys of the constraints 
experienced Iy maize farmers 

Despite these well managed efforts, the increase in maize 
yields over the last decade has not kept pace with population 
growth of 25% in the same period,. 

Zaire's 27 million people are primarily maize and cassava 
eaters but also consume some wheat and rice. As a food-deficit 
country, Zaire has been importing most of its wheat and rice, 
and 160,000 tons of maize a year. 

Since 1972 Zaire has utilized its own funds to finance a 
scientific team from CIMMYT to help develop a national maize 
research and production program. The annual maize crop of 
400 900 to 600,000 tons represents two thirds of the national 
grain production, and the low average maize yield (about 700 
kg/ha) offers substantial opportunity for improvement. 

By 1978 five elite maize varieties, open pollinated, had 
been selected and the seed multiplied for farmer use. 

Twenty young Zairian university graduates have been sent 
to CIMMYT for one cropping season of training and seven 
Zairians were sent for higher degrees at agricultural 
universities in the USA. By the end of 1978 three more 
candidates will be sent for university degrees and four more 
will par'iicipate in CIMMYT training. , 
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Nepal is one Asian national program which has been feeding 
itself. But food production per capita has gradually declined 
during the 1970's because grain production plateaued (about 
3.8 million tons a year) whereas population has Deen rising 2.3 
percent a year, and exceeds 13 million in 1978. 

CIMMYT first posted a maize scientist to Nepal in 1972. 
In 1976 Nepal invited several international organizations to 

assign staff to collaborate with local agricultural services, 
including IRRI for rice (local crop 2,500,000tons), CIMMYT for 
maize and wheat (maize 800,000 tons, wheat 300,000 tons) and 
the International Agricultural Development Service (to assist 
cropping systems and agricultural plnning). In mid-1977 
lADS took over the leadership of all the foreign assistarce for 
crop improvement. 

Twelve Nepali maize scientists have received training in 
Mexico during 1971-77, and they now constitute the nucleus of 
Nepali collaborators who grow international maize nurseries, 
breed local varieties, and place trials on farmers' fields. 

Like most countries in tropical Africa, Tanzania eats more 
maize than other cereals. It is a food deficit country, partly 
because a semi-arid climate has caused local grain production 
to fluctuate from 1.3 to 2.7 million tons a year during the 1970's. 
With a population of 16.4 million (1978) growing 2.7 percent a 
year, the government found it necessary to import 250,000 tons 
of maize per year in 1974 and 1975. 

CIMMYT's work in Tanzania is part of ajoint IITA-CIMMYT 
effort, in which IITA is responsible for overall crop 
improvement. 

CIMMYT has stationed two maize scientists in Tanzania 
since 1973 to assist the national maize program. Thirty-three 
young Tanzanian scientists have been sent to Mexico for one 
season of maize training during 1973-76, 12 of them in 1977. 
Four Tanzanians have been sent to U.S. universities for 
agricultural degrees. 

The Tanzanian maize breeding program, centered at 
Ilonga Station 200 kilometers west of Dar-Es-Salaam has 
identified experimental maize varieties which out-perform the 
varieties previously in commercial use. 
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Two donors, World Bank and USAID, have pooled US $30 
million to support a 7-year maize production program
concentrating on ujamaa-type villages (cooperativeS 	 . . production units,)

A training program for maize extension workers has been . - organized at Mbeya research station, using the CIMMYT on­
farm trial system as the means of communicating with farmers.
Thus new maize technology can be given immediate use in the 
national production scheme. 

Guatemala NationalMaize Program
CIMMYT assigned two maize scientists to collaborate with theGuatemalan national maize program starting in 1976. This 
program seeksto expand and stabilizethe national maize crop
which has fluctuated between 600,000 and 800,000 tons a year
during the 1970's. 

Guatemala participates in the international maize testingprogram, Trials indicate that some experimental varieties are 
well adapted to the Guatemalan lowlands where the larger part
of the Guatemalan crop is grown; but improved maize
materials adapted to the Guatemalan highlands (above 1500 
meters) are yet to be developed.

An effort toward nutritional improvement through the useof opaque-2 and 'modified germ/endosperm ratio is being
conducted in association with the Institute of Nutrition for 
Central America and Panama (INCAP).

The Guatemala program forthe tropical lowlands includes* a novel approach, deriving bothopen-pollinated varietles and 
hybrids from the same source materials. The breeders havetested the combining ability, of ,families from CIMMYT's
experimental maize varieties, and based upon the results, are 
creating new synthetic varietiesand F, family hybrids. The newvarieties and hybrids will be available for extensive on-farm
testing in Guatemala at more than 50 locations in 1978 toconfirm their yield potential' and environmental stability.
Materials which prove adapted in Guatemala will probably beusable in neighboring countries of Central America.

For the hlghland:!! where a very ancient corn-oriented
culture exists, the maeo;reffort is to identify local vnietieswith
wide adaptation as a means of compensating for the strong
genetic-environment interaction that prevails in the 
scattered valleys of the region. 

many 
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introduction to Wheat Program 
World wheat production for the year ending mid-1977 was 413 
million metric tons, an all-time record (U.S. Department of 
Agriculture, World Grain Situation, November11, 1977). 

In developing countries the wheat harvest of 1976 reached 
95 million metric tons, also a record (FAO Production 
Yearbook 1976). 

Despite these achievements, developing countries 
continue to import about 35 million tons of wheat flour each 
year (FAO Trade Yearbook 1976). 

Imports indicate a deficit of about one quarter in the wheat 
requirements of developing countries. This deficit serves as a 
reminder to the wheat scientist that greater changes are 
needed in the farmers' wheat fields, because that is where the 
food gap of developing countries must be solved. 

Stable resistance comes first 
Stable resistance to the three rusts remains the first objective 
of the wheat scientist. Northwest Mexico experienced an 
outbreak of leaf rust in 1977, most severe for that area in one 
third of a century. The outbreak was encouraged by events that 
allowed much land to remain uncultivated in the summer of 

1976. providing a bridge of volunteer wheat plants to serve as 
hosts for rust spores which are usually destroyed by summer 

cultivation. 
Rust has been a threat to the wheat crop for thousands of 

years - like the common cold in human beings - long 
researched, but still with us. Constant mutation of the rust 
pathogens provide new threats to wheat varieties, including 
the varieties previously considered resistant to the three rusts. 
Stable rust resistance in the long term is unlikely to be achieved 
in pure-line varieties and the breeder must continue to give first 
attention to the development of new varieties which combine 
different sources of resistance to the three rusts, and thus 
provide replacements for today's commercial varieties when 
they are found susceptible, 
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The multiline offers one option for slowing down a rustIi: epidemic ­ probably the best way to introduce a measure ofstability for resistance. CIMMYT's work on the'muilineis 
described elsewhere in this report. 

Zt 
 the yield ceiling 1RaisingSemi-dwarf wheats distributed from Mexico in the 1960'sraised the yield potential for wheat from 3.5 tlha to the 7.0-8.0ton range, Since that time the yield potential has graduallyincreased to the range 8.0-9.0 tons,, But, general, a "yield
Plateau" has existed for a decade. 

,This "yield cIeiling" isaproblem of secondary importancecompared to, the three ,rusts, but our scientists aresimultaneously searching for newways to penetrate the yieldbarrier. Crossing. winter and spring wheats offerspossibility described later in 
one 

these pages. Other staff arestudying upright leaves onwheator branched heads, or longerheads with more spikelets and more grains in each spikelet.This work is also described later. N, conclusions are yetpossible, but work on the "yield ceiling" will continue. 
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Delivery systems f 
Our wheat staff continues to use many delivery systems for 
moving new technology to developing countries. 

In 1977 our international nurseries for experimental bread 
wheat, durum wheat, barley and triticale were grown in 96 
countries. This puts new germ plasm on display, and generates 
testing data which guide the worldwide wheat network in 
further breeding. 

Forty-one young scientists from developing countries 
were brought to Mexico in 1977 to work one cropping season 
with CIMMYT scientists. These men and women are now back 
in their home countries,where they become part of the network 
of wheat scientists. 

CIMMYT's Mexico wheat staff travelled to 66 countries in
1977 to see the international trials, to talk with farmers, to 
consult with government policy makers. CIMMYT believes that 
first-hand knowledge of developing courtries is necessary to 
guide each cycle of research. 

In 1977 CIMMYT posted nine wheat scientists to work in 
regional and national programs outside Mexico. The regions 
are the Mediterranean and Mideast, headquartered in Egypt 
and Turkey; highland East Africa, based in Kenya; and the 
Andean countries, based in Ecuador. The four national 
programs served by posted staff were Algeria, Tunisia, 
Pakistan, and Nepal. 

These activities are discussed in the following pages. I 
N. E. Borlaug 
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Bread Wheat 
In the 1970's the bread wheat program in Mexico has expanded 
to cover additional problems, including Septoria resistance, 
Helminthosporiumresistance, and tolerance to acid soils. But 
the central objective continues to be the development of germ 
plasm with high yield potential and wide adaptation. 
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The breeders believe that wide adaptation can best be obtained 
by a Corbination of tho following four characteristics: 

1. High yield putnt ai across different climates. 
2 .Soi cvwrf cthra :t 'r 

' ' ,' 3 Br(.ai1( dise. ,*., t t (tl 

4 Day length insen,' itai.ty,
Se:veral t,I,',..ie ,,, S t 'L;~>ed 

First. whe.at roset:ici in Mexico is conducted two cycles a 
year. one :i winter crop at sea level and 27 Nlatitude: the other 
a sunmmer crop at 2600 m elevation and 192 N latitude. The 
winter cycie is sown in an irrigated desert where leaf and sterm 
riust are endemic the summer cycle is sown under 1hi:avy 
rainfall and cool temperatures where severe epidermics of 
:Iripe rust occur every year. The movement of successivu 
nenerati ,ns between these constrasting climates enables the 
.)reeder to select daylength insensitive, widely adapted lines 
with nigh levels of rust resistance. 

To ensure heavier pressure from diseases, CIMMYT 
supplements the natural presence of pathogens with artificial 
inoculation. 

-Jhow'4 hc-1, Sr 

n. t T,,. .. . " 
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Thi,
variety, progrm cuts in half the time needed to develop a newand selection in alternate segregating generationsunder contrasting environments leads to adapted types whichmay be grown under widely differing conditions.Finally, bread wheats which prove superior in the Mexicotrials are subjected to worldwide testing in over 90 countries,across many environments. Thistesting process serves both todistribute new germ plasm to the national programs and feedsinformation to the world network of scientists about diseaseresistance and wide adaptation, on which the next cycle ofimprovement will be based. 

After years of this research strategy, progress continuesbut problems remain:
 
1) The pathogen which 
 causes leaf rust continuesmutate unpredictably toand varieties resistant to leaf rustcontinue to be short-lived in some areas. For stripe rust,resistance has improved markedly in the 1970's.2) Septoria leaf blotch, a fungus disease which causesmajor epidemics in North Africa, the Mideast and SouthAmerica, awaits effective control. Starting in 1975, wheat lineswith good resistance to Septoria have been increasing in the

CIMMYT international nurseries.3) Some 40-50 percent of the wheat crop in developingcountries is now planted with high yielding varieties, Buttraditional varieties with tall stems are still widely grown, andthe development of improved agronomic practices lags in most

countries,
 

Variety releases 1977The Mexican Government released three new bread wheatsfrom the CIMMYT-INIA program in 1977. Two were given thenames Jauhara 77 and Hermosillo 77, both double dwarfs withred grain, suitable for breadmaklngThe third was Pima 77, asingle dwarf with white grain and soft biscuit-making quality.All three had good resistance to the races of the three rustsexisting in Sonora, Mexico in 1977.
The 1977 releases illustrate the broad germ plasm sourcesnow used. For example, the parents entering into Jauhara 77are Mexican and Argentine wheats; for HermosilloMexican, Argentine, and Ecuadorean; for Pima 77, 

77, 
Mexicanand Colombian. All crosses were made in Mexico. 
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one of the releases, Pima 77, resulted from a chain of 
• international collaboration. The origina icross was made by 

CIMMYT-INIA in 1964. Subsequently an F2- bulk of seed was 
sent to Chile. There the seed was grown and reselected by 
breeders until the F generation. Seed then passed to Ecuador, 

• where it was tested in a trial for resistance to stripe rust, and 
found outstanding. Ecuador shipped seed backto Mexico with 
other advanced lines carrying stripe rust resistance,.Here final 
selection was made by ClMMT atthe Toluca station, 3years 
after the original cross, and the Mexican Government released 
the variety,. 

Selected spring broad wheat varieties bred by CIMMYT-INIA 
or predecessors, released In Mexico, 1950-77 

Year Of 	 Yield Disease rating In Mexico 1977. 
Mexican Year of potential Plant hi Grain Stem Leal Stripo
release Variety naere cross kg/ha cm Color rust rust rust Septorla 
1950 Yaqui 50 1945 3500 110 Red TMS 2OMS 1OMS MR 
1960 Nalnarl 60 1958 4000 110 Red 1OMS 5RI 0 ­
1962 Pilic62 . 1956 5370 100 Red SOS 6S 80S MR
1962 Penjamo 62 1956 5870 100 Red 5OMS 0 OS MR
1964 . Sonora 64 1957 5580 85 Red 20MS 70S 80S S
1964 "erma Rojo 64 1958 6000 100 Red 30MR SOS 80S S 
1966 INIA 66 1962 7000 100 Red 5MR 10OS 80S S1996 Stete Cerros 66 1957 7000 100 Amber TMS 20S 100S S 
1970 Yecora 70 1966 7000 .80 Amber TR 1O0S 1OOS S 
1971 CaJeme 71 1966 7000 80 Red TR 10S100S 8 S
1971 Tancii 71 1968 7000 90 Red 20MR 80S 605 S 
1973 Jupateco 73 1969 7000 95 . Red TMR -0S 60S 5 
1973 Torlm 73 1967 7000 75 Amber TMR 20MS 40S S1975 Cocotaque 75 1969 7000 90 Red TR TR 20MR S 
1975 Salamanca 75 1967 7000 90 Red TMR 20MS 20MS S1975 Zaragoza 75 1964 8000 90 Red 0 3OMS 80S S 
1976 Nacozarl 76 1969 7500-1 90 Amber 0 TMR 10MR S
1975 Pavan 76 1970 75001"" 10 ) Amber 0 -TMR OMR. MS+1976 Tezopaco 76 1969 7500'- 105 Red 1OMS 20MS 20MS MR 
1977 Pma 77 1964 7500." 85 Amber 5MR TMR 30MS-MS S 
1977 Hermosillo 77 1972 7500'* 100 Red 5MR SMR TR S1977 Jauhara 77 1969 7500*11 87 Red 5MR TR TR S 

'Measured at experiment stations In Mexico, Irrigated under high soil fertillly, and essentially 
disease free.

"All varieties were resistant to all three rusts under Mexican conditions at time ofrelease. R ­
resistant; S - susceptible; O- no rust; MR - moderately resistant; MS -moderately susceptible;

* 	 20MS- moderately susceptible type leion on 20 percent ofplant surface, balance o Surface is
leslon-free; TMS moderately susceptible typ lesion In trace amount, balance is lesion-free;
TR - resistant type lesion rfesent In trace amount, balance Is lesion-iree,

-'Yieldofvarieties released In 1976 and 1977 has ranged 7500-9500 kg/ha In difterent seasons arid
trials, but the conservative minimum of.7500 kg/ha as given here tor all sixreleases. 
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Aodut 1500 advanced lines were yield-tested inorw
 
Mexico dring 1977, Of these347 were selecteefortheir hgh
yiesld. ridnt resistance, and good agronomic chareaerd and

flcrludodlui the Flevenit 
 International Dread Wheat ScreeningNutrsery. This nursery was sent to 188 locations around theworld in Jud1977. Results are! expected in June 1978, The0rurmainder of ther 1500 lines are being tested by CiMmyTlpersonnel for possible use in regional nursery>.trials Th isavods los,,s of po tentiallIy usefulI materials Witho0uIovrbui.ird(Aen in nc)ratinal, Programs,

Six of the advanced lines tested in 1977 outyie!ded allchcsby 70(')-1300 kg/ha, Checks included the previouslyhigjhest yielding varieties in)northwest Mexico, headed byPavnri 76. 
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In the 1970's CIMMYT has made continuing efforts in 
cooperation with national programs, to achieve wide and 
stable resistance to stripe rust, leaf rust, stem rust, and 
Septoria. 

Results of the Tenth International Bread Wheat Screening 
Nursery show that this effort is paying off. In this trial at 180 
locations in 83 countries,35 bread wheats were found to have a 
high level of resistance to leaf rust based on reports from 22 
locations, and 39 lines had strong resistance to stripe rust 
based on reports from 12 locations. These lines are again being 
used in the crossing block to produce a wide range of 

combinations. 
Until the 1970's most CIMMYT germ plasm had inadequate 

resistance to Sep toria tritici especially for use in North Africa, 
Turkey, Ethiopia, and Argentina. Because some of the first 
semidwarf wheats introduced in these areas were susceptible 
to Septoria, the local programs for introducing high yielding 
varieties were set back. More recently some advanced lines. 
tested in those countries have shown a good level of resistance 
to Septoria. Of the 386 entries in the 9th IBWSN 51 advanced 
lines showed good Septoria resistance, 268 showed 
intermediate level of resistance, and only 67 were highly 

susceptible. 

The 8156 rmlline 
Occasionally in the past decade, disease epidemics of wheat 
have caused great economic losses in individual countries, 
Examples are the 1987 Septoria outbreak in Morocco, the 1972 
Septoria epidemic in Brazil, the 1975 barley yellow dwarf 
epidemic in Chile, the 1976 stem rust epidemic in Brazil, and 
the 1977 leaf rust epidemic in Mexico. These disasters in 
limited areas were less significant than the pandemics of half a 
century ago, but the recent happenings serve as a warning to 
the breeders of the still present dangers when dealing with 
disease-causing micro-organisms with their genetic variability 
and tremendous speed of reproduction. 

As a buffer against major rust outbreaksthe breeders have 
been developing lines based upon the 8156 cross which can be 
used as components for multiline varieties in different 
countries. A multiline is derived from crosses between 8156 
progeny and other parents which resemble each other and 
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their common parent in height, maturity, grain color, etc, BUt.
each line derives genes for disease resistance from different 
parents. The multiline is a mixture of these individual 
components. When a multiline is grown, and a newraceof rust 
appears, only a small percentage of plants in the field are likely
to be susceptible. The typical epidemic which spreads from 
plant to plant is thus checked, 
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Whein new seed is mutiplied for a multiline, the 
susceptible component is replaced and the new multiline 
mixture is again fully resistant until the next mutation of 
pathogen occurs. 

In 1977 in continuation of this program, more than 400 
additional crosses were made in Mexico between linesfrom the 
8156 cross and sourcesof rust resistance from such countries 
as Argentina, Australia, Canada, Ecuador, India, Kenya, and 
Countries of North Africa. 

The Fifth lnternational Multiline (8156) Nursery was tested 
at 31 locations, worldwide. Preliminary results indicate that 
among the 92 entries, 30 entries were highly resistant to leaf 
rust in Egypt, Turkey, India, and Bangladesh. Twelve entries 
were highly resistant to stripe rust in Turkey, Egypt, Algeria, 
and Ecuador. 

Research has now confirmed that the breeders are using at 
least 15 different genes for resistance to leaf rust, and 10 
different genes each for stem rust and stripe rust. The number 
of. genes for Septoria resistance is not established. 
Distinguishing the genes is accomplished first by the 
differential response of wheat lines to the pathogens over a 
broad geographic range in the international trials, and then by
laboratory work of collaborators who are assisting CIMMYT. 

The collaborators include: Dr, Alan Roelfs of the USDA 
Rust Laboratory in Minnesota (USA), for stem rust; Dr. D. J. 
Samborski and Dr. Gordon Green of the Canadian Department 
of Agriculture, Winnipeg, for leaf and stem rust respectively; 
Dr. Irvine Watson of University of Sydney, Australia, for stem 
and leaf rust; Dr. M. Boskovic, Yugoslavlaforstripe rust; Dr. R, 
W. S--tubbs, Holland, for stripe rust; Dr,A. Dinoor of Israel, leaf 
rust; Dr. Moshe Eyal and Dr, Isaac Wahl of Israel, Septoria, Dr. 
W.,Wolfe, England, powdery mildew; and Dr. M. Djerbi of 
Tunisia, Septoria. 

Since each country planning to use a multiline will require 
a different set of multiline components selected locally, 
researchers are concentrating their preliminary efforts for the . 

multiline in Mexico, and India, The Indian Wheat Program has 
developed many lines suitable for components in a multiline 
mixture. Seventeen entries in the Fifth Multiline Nursery were 
found resistant to all rusts in northern, India, and gave yields 
equal to Kalyansona, one of India's leading varieties derived 
from 8156. 
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CIMMY T is attempting to raise the present plateau in yield 
0tenti Os by crossing spring wheats with winter wheats These 

are two separate (iene pools. and the scientists believe that 
intercrossing can produce yield increases in both types 
Csin can also improve o her characteristics; for example, 
in the spnng wheats, the winter germ plasm can contribute 
greater drought tolerance, and greater resistance to such 
-iseases as Septoria powdery mildew, and stripe rust For 

winter wheats, spring germ plasm can contribute better stem 
and leaf rust resistance, and better baking quality. A wider 
rnrje of maturitycan beselected for both springs and winters. 

The crossing procedures are simple. At the Toluca station 
winter wheats are planted in November and are vernalized 
naturally (flowering is induced) by cold weather in December. 
Weather is mild enough in January to plant spring wheats, and 
both types flower in May-June, About 1500 crosses are made 
each year 
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About half the F,seed is sent to Oregon State University
(USA) where the F,plants are crossed again to winter wheats to 
preserve the basic character of the winters. At CIMMYT the F, 
plants are crossed again to spring wheats to preserve the basic 
character of the spring type. A portion of the F seed is also sent, 

to India and Turkey.
 

In 1977 about 100 spring x winter advanced lines were 
distributed internationally for the first time as part of the11th 
International Bread Wheat Screening Nursery. When the 
results of this trial are received in Mexico in 1978, they
hopeful!y will provide thestrongest evidenceso far of the gains 
achieved during six years of spring x winter crossing. 

Prior to the international trial, the advanced lines from 
spring x winter crosses were yield tested in northwest Mexico 
during the winter season 1976-77. The 13 highest yielding lines 
gave yields of 6.4 to 7.8 t/ha and nine of the 13 outyielded all 
check varieties, which included the leading commercial 
varieties of Mexico, headed by Pal/on 76. 

Wheat for the humid tropics j
Historically wheat was poorly adapted to the humid tropics, but 
a number of wheat importing countries - notably those in 
Central America, West Africa, and Southeast Asia - are 
interested ingrowing wheat in their "winter" season (the period 
of mildest temperature and lowest humidity) as a means of 
reducing foreign exchange expenditures for imported wheats, 

CIMMYT's initial tesis in 1972 at Poza Rica, a hot humid 
location on Mexico's Gulf coast, revealed two major problems:
that wheat In that location did not tiller adequately (form 
supplementary stems), and the fungus disease caused by 
Helminthosporlum sativum destroyed most plants.SAdditio~nal trials served to Identify a few Mexico wheats 
that do tiller adequately under these warm humid conditions. 

From a screening of 5000 lines from the world wheat 
collection, 18'entries were found to be resistant or tolerant to 
Helminthosporium.Moreover, four F, crosses from the variety 
Horizon, which was previously found to be resistant, were 
grown at Poza Rica and all of these F,'s were resistant. 

The disease resistant lines general!y have many defects, 
aside from their disease resistance. So a general program of 
improvement is required, 
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Fortunately, preliminary reports from the 9th International
Bread Wheat Screening Nursery indicated that 22 advanced
lines in that trial did better than all others under tropicalconditions in Nicaragua, Costa Rica, Zaire and Cameroon.
These lines have good plant type and good yield,
So the next step for 1978 is to cross the 22advanced linesto the Helminthosporium-resistantwheats. F2seed will then be
sent to many. tropical countries to identify 
 the bestcombinations of heat tolerance and disease resistance.A research station at the University of the Philippines, LosB13nos, is providing special tropical wheat testing services to
CIMMYT . . ,

Wheat must yield about 2 t/ha in farmers' fields of thetropics in order to compete with alternate crops. it is still tooearly to forecast how successfully wheat can be grown underthese conditions. 

Shuttle breeding
For special wheat problems in some countries, the breederspractice a form of "shuttle breeding," in which alternategenerations are grown in Mexico and in the collaborating
country. 

. .. . !! 

s. Breodars.row 
7aternate

generations
in Mexico and 
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countries in a formi 
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designed to combat 
special wheat 
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For example. Brazil has special problems of acid soils and 
Septoria dhse'jisf for which some Brazilian varieties have 

toleran .-hi I they At- tle high yielding qualities of the dwarf 
whets Bocirrir i '1974 ' s of Brazilian wheat crosses have­
beenownr M (-sU Or1.re, MOxico, each Noember, Brazilian 

,ipmc,. 
and erakei tNo 'ra.n in Iae winter: and the F. sroed of the.se, 

crosses IS r0tr0 Vi Brazil for planting tPip f hll'ovi'r 

genratn : t ' iilian soil aind disease .. and 

brers romp to to select the Mexican parents of F1 

c.ntions 
secttons are '.t', there im ie next roind This "3raoilsir 

shuttle prrt'. , - f'fth y,-ar in 1978 

s.xicO m -or ofsirnilar ,ro,: i 1rr / w''litrNWi for a rutir 

years whin , '' s.t.,the nqrly' sLccZfuI v'ariety Mor;o 
Juarez INTA 

Ari)t , - 'uuth Korea andr -'' 

CIMMYT tkret h rt,ht-rs'.r 1tr ;ornhirro ther :) 

earliness and cold tOl rI OmL Koreair wheats with the better 
yielding qu ltit-s of wh,,;nats. ,o nIjri dd KoreanM'1,.xican ,. 

lines were received m ,976, crssi t Micn Ines, and 
returned to Korea where they were top crossed or du ubkh 

crossed ,.'th Kojrea n Fi ,rials ,ing- contirs .'.ateia This e;:,,c 
The Poopls Ropivhc,, of China {]f'mv! to CIMIAYT 200 

varieties of Chines wieat in 1977, whionl are inbeing tgluwro 
Mexico in /977-78deterrine whether a Chi nse­winter to 
Mexican crossing arrangement would be useful, especially for 

Gibberella resistance and early maturity. 
The possibility of other such cooperative shuttle prog rams 

is at the discussion stage with Ecuador for stripe rust 

resistance, and Israel for Septoria resistance. 

Durinr the 1970's the nunber of par'icipants in international 
bread wheat testing has more than doubled. This cooperation 

of rrany national programs is of the utmost importance. 
Since 1964, CIMMYT has annually distributed a group of 

50 varieties as the International Spring Wheat Yield Nursery. In 
1977 the 14th nursery in thissceriesof replicated yield trialswas 
sent to 105 locations in 82 countries. 

Since 1967 CIMMYT has annually distributed about 300 

advanced lines from the CIMMYT-INIA breeding program,-n as 

the International Bread Wheat Screening Nursery. The 
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purpose of IBWSN is to distribute germ plasm to national 
programs and receive in return information on their yield and
 
disease resistance. 
 In 1977 the 11th IBWSN contained 347
 
entries, sent to 
188 locations in 95 countries. -


CIMMYT also distributes a crossing block. This is a group

of varieties, each of which is one of the world's best sources for
 
one or more characteristics. Seed of 300 entries was sent to 46
 
locations in 1977 so that breeders can evaluate them and use
 
them in crosses if they wish., 

Two regional screening nurseries are coordinated by
CIMMYT scientists. The Regional Disease .and Insect 
Screening Nursery serves countries from Morocco to India and 
in East Africa. The Latin American Disease and Insect 
Screening Nursery tests the disease resistance of experimental
wheat lines in countries throughout the western Hemisphere.
Regular interchange of materials oetween the two regional
nurseries ensures worldwide testing of materials developed by 
national programs, 

A trap nursery of commercial wheat varieties is grown
throughout the Mediterranean and Midwest regions to monitor 
changes in the vulnerability to rust of varieties farmers are 
growing. 

The results of all these nurseries are summarized and 
published to provide information to national programs. 

t n 

.CIMMAYT's cro.sing 
j, block contains 

!L-4Varieties that are the 
-- best availablesoucs 

for one or more 
-characteristics. Seed 

of 300 entries was 
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in 197 for 
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Durum Wheat 
Durum wheat is an important food in the Mediterranean region, 
the Mideast, parts of India. USSR, the k.dean countries, 
Argentina, Chile, Canada and USA. In developing countries 
durum is eaten as couscous (Arabic for steamed cracked 
grain), chapatis (flat cakes in India), bread, and more rarely as 
macaroni and other pasta products. 

Durum is grown on about 30 million hectares of land 
worldwide, which produce 20 million metric tons of grain, at 
the poor average yield of 667 kg/ha. Low yield is caused by 
poor agronomic plant type, susceptibility to disease, and poor 
crop management. 

Durums were first dwarfed in Mexico in the early 1960s by 
crossing tall durums to dwarf bread wheats. In 1968 CIMMYT 
expanded its work on durums and progress in the 1970s has 
been rapid. 

Potential yields of durums in the research station in 
Mexico have reached the same level as the best bread wheats. 
The linkage of the dwarfing gene with sterility has been 
weakened but not eliminated. 

Breeders have identified many lines with disease 
resistance, which are being crossed with higher yielding dwarf 
durums to "pyramid the genes" for resistance. In 1977 another 
5700 durum crosses were made, largely directed toward 
improving disease resistance. 

Durum varieties derived from crosses in Mexico have now 
been released to farmers in Algeria, Argentina, Chile, Cyprus, 
Iraq, Lebanon, Saudi Arabia, Tunisia, Turkey, and USA. 

Scientists working on durums in many countries have 
formed a network for testing new lines, which has speeded 
progress. 

Highe,, yield 
Eighteen durum yield trials were harvested at Ciudad Obregon 
in 1977. Among newer durum lines 39 outyielded the best 
checks by 10-22 percent. The checks included Mexicali 75, the 
highest yielding commercial durum variety in Mexico. 

Internationally, durums performed better in 1977 than in 
any previous year. Average yield of all entries in the Seventh 
International Durum Yield Nursury, grown at 45 locatlonsin 30 
countries, was 4239 kg/ha. This was 15 percent better than the 
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previous year and 21 percent better than the average of the 
previous five years, 

Durum yield trials at Toluca and El Batan on the Mexican
central plateau in the 1977 summer season' continued to be 
attacked by root rot and head scab, These are problems which 
the CIMMYT breeders are trying to solve. 

Breeders in Mexico continue to introduce new sources of
disease resistance selected from disease "hot spots" outside 
Mexico, The Seventh IDYN, above,mentioned identified 5
durum lines with exceptionally low infection for stripe rust, 3
lines for leaf rust, and 4 lines for stem rust. These linesare now 
used as donors in the crossing program. Greater resistance is
required for still other diseases, including powdery mildew and 
Septoria. 
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-f-r mi,.o nic types 

Breeders are seeking betteragronomic typewith medium plant 
height, reduced foliage, and semi-lax heads. Entries from the 
world durum collection with these characteristics were 
crossed in 1977 to the highest yielding durums in Mexico, 
producing four outstanding lines with improved agronomic

"-traits. 

Drought tolerance has been sought by crossing four of 
India's most drought tolerant durums to Mexico's widely 
adapted varieties, Cocorit 71, Mexicali 75, and Anhinga. 

For cold tolerance, 64 new crosses were harvested at 
Toluca in the winter season 1976-77, produced with parental 
materials from Turkey, Afghanistan, Spain and Portugal which 
had withstood temperatures as low as -7"C. These cold 
tolerant parents are generally deficient in other characteristics, 
and more cycles of crossing and selection will be needed to 
correct the faults. 

irproving fertility 
Introduction of the Norin-10 dwarfing gene in the 1960's 
caused some sterility in durums. Many durum plants have 
lower fertility than bread wheats, and selection for higher 
spikelet fertility must be repeated after every cross. During 
1977 at least five new lines were harvested with outstanding 
fertility. These will now be crossed in many combinations. 

Durum varieties released In Mexico between 1950 and 1975, 

Year of Year Yield, Plant Disease reaclionb L',Test 
Mexican Variety of potentiaul ht.a Stem Leat Stripe. Sept,. weight pigmenic 
release Name cross kg/ha cm rust"' rust rust' trlticI. kg/hl ppm 
1941 Barrigon-

Yaquit d 4000 130 0 'TS 70Sf R 75 4*5 
1960 Tehuacanl60 1954 4200 150 0 1OMR 20MS: R 81 -5.5' 
1985 Oviachli65 1960' 7000 90 0-40MB 30S 5MR S'5' 1 7.2 
197 Chapaia .1961 7000 85 0 1OMS OMR MS - 4.0 
1969 JI C 69 1963 7700 . 85 0 TR 5S S: 81 3.7 

.

1971, Cocort 71 1965 8300 85 0 5MR 5MS' IMS :. 81' 3.6 
1975 -Mexicalii75 1969 8600 '90' 0-~ TB' 5MR ''S5 78 5.8 
a/ Measured atCIANO experiment.statlon, at high ratesotferllzefrivith Irrigation, and in the 
absence of dtseases. b/ InMexico, 1975 R -resistant, MR :moderately resistant, MS 
moderately Isusceptibie, - suscepitble.Figures before tetters Indicate percentage of 
Infection.' ci' Caroitnoida"dl Farmert selection, 
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CIMMYT's wheat technology laboratory .contiries to test 
advanced durum lines for milling and cooking quality. Test 
weight of the best durums is well maintained at 80 kilograms 
per hectoliter and some high yielding lines have reached 85 
kg/hl. This equals the test weight of the best bread wheats. 
Carotene content has improved to levels over 5 pprm which 
compareswell with Italian macaroni dururns. Carotene content 
combined with a low level of lipoxidase, the enzyme which 
destroys carotene in flour, isa measure of the preferred color in 
pastas and is important as a characteristic to those countries 
which export durum grain to Italy and similar markets. 
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Triticale is a man-nmade cereal. It results from a cross between 
wheat and rye. Although the cross was demonutrtd by Br iish 
scientists over 100 years ago. t was not util he 195O '-that 
.esearchers in Europe and North America beqn intensive 

efforts to transform twrtic e into a commfercia il c! CIMMYT's 
work or triticale had its orins in Mexico, before the 
establishment of CIMMYT in 196. Tis resear ch is conducted 
cooperatively with the U nw ersity of tavlnmtoba in Canid 

M any obstac es facing hit!cale 10 y ens A..jo inave hen 
ovrcomne or reduced. Yiuld of the hbst traicales then was nil 

,th bread nowhat of best t. ;a n is equal. Disease 
resistance in triticale hat been broadened but still requl:en 
improvement. Lodging in the triticale crop has been redu-ed. 
Protein quality has been stabilized at a level superior to bread 
wheat. Baking goality in r ical e has been found satisfactkry 
for many food products on alh coninernts 

But nFh.,ms In I' TIremain 197 fiL sciertists made 
10.000 addit ,nal tritical,-crosses, many eimed at the principal 
problems of improving kernel quality aid gwing greater 
dornancy (preventing scrouting oe ?t head before harvesto. 
Testing of triticale contir, neb in farm4ers' fields to rovul hobtter 

rade co'ma.ultinirl 
to developing cotr s whrre tritic ti , lie, ar n trt,-:0

Triticale now grow, n o e ia -ur-ir'' I'S , 

productIon practices, and CIM YT stn d trip, 

China, Spain, South Africa. Arentina Mexwco, Canada And the 
USA The crop is expected to continue to e/paind its 

producuon. iitially in areas where ritt al tolerance for acid 
soils and its superior disease resistance, gives advantage over 
bread wheat. 

infertility was a major cause of low yields until the late 1960's. 
Only a part of the florets (flowers) in het i ticale spike became 
fertilized and produced grains. In 1968 a triticale I ewas found 
that had a high dengree of floret fertility. Since then thi resultant 
line called ArmadiI o has he'an Lised exte ,rwiveyin crosses. All 
advanced hexaploW triticaies (those resuiting from crosses 
between durum and rye) now have Armadlo or a derivative of 
\rmadil!o in thcir parentage Good ftoret fertility combined 
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with onger spikes and stronger straw has permitted yields ofthe top triticalesto achieve yield superiority over the best bread
wheats and durums.
 

Test weight
Triticale kernels are often shrivelled, a liability that affects testweight (weight per unit volume). The best triticales have testweight of 72 to 76 kg/hI (kilograms per hectoliter) comparedwith over 80 kg/hI for the best bread wheats. Progress iniimproving the test weights of triticales has not been rapid, andbasic studies of the causes have thus far failed to provide an
explanation.

During 1977 some selections from the breeding line calledCamel gave test weights ranging between 76-79 kg/hl. Crossesbetween these lines and others of better agronomic type arebeing made in 1978. 
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Li:d in esistazce-
The increasing resistance of triticales to lodging (the tendencyof plants to fall over near harvest) has contributed significantly 

to rising yields. Dwarfing genes from wheat have been 
extensively used to reduce the height - and therefore the 
lodging tendency- of triticllle lines. Single and double dwarfs 
in triticale are somewhat taller than wheats with the same 
dwarfing sources. 

Lodging resistance in triticales has been achieved by 
combining a moderate reduction in height with stronger stems, 
The best lines in the triticale program such as Beagle are equal 
to the best bread wheats in maturity and yield, but remain taller. 

Breeders have found two excellent breeding materials to 
correct the tendency of triticale to sprout in the field when rains 
occur shortly before harvest. One is a Swedish rye called 
Othello. The other is a CIMMYT bread wheat named Alondra, 

* 	 Crosses between these donors and the best triticales were 
made in the winter of 1977-78, 

Breeders have thus far found it difficult to combine early 
maturity in triticale with short stature. At present most high
yielding triticales are medium to late maturing, Breeders are 
continuing to incorporate earlines to overcome this 
chai acteristic, which gives bread wheat an advantage in some 
areas. 
;:rclei ,
 

Since 1973 when yields of the best triticales first closely. 
approached those of the best bread wheats, the protein 
content of the best triticales has held at about 13 percent. The 
content of lysine in triticale protein rose from 2.8 percent in 
1968 to 3.4 percent in 1973 and has remained at that level since 
then. Lysine is a commonly limiting amino acid in cereal 
protein. (The comparable figures for most bread wheat would 
be 	10-12 percent protein and 2.7 percent lysine.) 

Disease resistance 
A new crop like triticale poses many disease problems, first in 
identifying the diseases to which the species is susceptible 

78 



- (4
,~t.. st!'.' )C~f P SiS ~ area (~ Pr()d.JG1r)r ~ 

.1 h(~h Thy. Je 4t tIQn~~ o~ U Witan ~ 
'AX~U2i. !i ~ ~ iS~nt hi t~DH~ $2,iri 1u22 ;~' 

lJ(~It~ri~1~ ~ IA 2 I U~n ~ ii2 5012:*f:f~Ij~.pitt4 it I;~iP~ :(~ ~I~i[ hIJt(;rnr~~i; i~~i&it (j t) 
2 Sptj 21f4i ~ .a2 ahsc ~;~I~MJ~ 

~~cttnn 1r~~t~~; t'~ ~ ~'ri~i0 ri.j5I Kin 

ii. qivf2lI to ort~~j ~v[~a1s in lhr sdr(>~ tra2~. 
i. Ie~ r~rcj fir; In tTh~ rte~i~ii~jr~i liar )t1 / 'itij ~IlIdlilk 

Id r mn lUfl~y IQ ((iSc 21 1(1CUV.; I ~0 sIun1~. and r('~ t 
B 

~Cf2uwd~ry 

I 

~ 

:1 

79 



Milling and baking qualitY 
The flour yield of triticale lines has ranged from about 52 to 70 
percent since 1974. compared to 70 percent in most bread 
wheats. 

Baking tests showed that many triticale lines are capable 
of producing loaves with volumes up to 700 cubic centimeters 
(Yecora, a good bread wheat, produces loaf volume of 765 
cubic centimeters). 

For cookie-making, some triticale lines provide flour that is 
more suitable than soft bread wheat flour. Mexican tortillas 
made from triticale flour are equal in quality to tortillas made 
from wheat flour. Indian chapatis made from triticale meal keep 
moist longer than chapatis made from bread wheat flour. 

Results from milling and baking trials made since 1974 
suggest that triticale will find widest acceptance in chapatis, 
tortillas, cookies, and unleavened bread. 

~~~Winter. triticales ... 
Winter-type triticales are needed for such areas of the world as 
Afghanistan and Turkey where cereals are planted in the 
autumn and flower in the spring. In such areas, spring-type 
triticales would be damaged by cold and frost during the 
winter, and, if they survived, would flower in cold weather, 
resulting in sterility. Winter types from Europe and North 
America are later in maturity than desired in these areas. 

CIMMYT is making crosses between Mexican spring 
triticales and the winter triticales developed in Europe and 
USA. The crosses are made at Toluca station where the 
December weather is cold enough to induce flowering in 
winter types yet the January weather is mild enough to allow 
spring types to be planted, Under this pattern the two types 
flower at the same time and large numbers of crosses can be 
made. 

Winter-type progeny of these crosses are shorter, have 
higher fertility, better seed development, earlier maturity, and 
more rust resistance. Spring-type progeny have better root 
development, improved resistance to certain diseases and 
possibly better drought tolerance, 

In addition, crosses between winter ryes and winter 
wheats are being produced at Toluca to provide new winter­
type germ plasm. 
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Improvement in winter types progresses slowly because ofdefectsof the winter parents and because oniy one crop can begrown each year. Winter progeny cannot be tested for coldtolerance in Mexico so they are sent to cooperating scientists
in Europe, South America, Canada and USA for screening. 
Forage triticales 
Some triticales have the ability to produce large amounts of dry
matter even when repeatedly clipped or grazed, Trials havebeen conducted to test the ability of triticale strains to produceforage and, after regrowth, grain. Oats, a crop commonly usedfor forage and grain, was included In the trials for comparison.Sheep have been used in grazing trials in Argentina.

While no strain of triticale has yet been found to equal therate of recovery by the best oats, promising triticale lines are on 
test. 
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Trials on farmers' fields 
During the period 1974-77 CIMMYT placed demonstrations of 
triticales on farmers' fields in several regions of Mexico. These 
trials give farmers rn opportunity to compare triticales with 
other cereals, and give scientists the opportunity to study 
agronomic management problems. 

In acidic soils of Mexico's central plateau triticales showed 
great promise and are now replacing wheat. Even in traditional 
irrigated wheat areas, triticale yielded at par or better than 
commercial wheat. Some characteristics still to be improved 
are earliness, resistance to sprouting under wet harvest 
conditions, and hardness of kernel, the latter for protection 
against storpd grain insects. Occasional poor standc of triticale 
in farmers' fields were found attributable to poor land 
preparation, seeding too deep, or seeding at too low a rate. 
Present seeding recommendations in Mexico call for 125 kg/ha 
at a depth of 5-7 cm. 

These on-farm trials reveal both advantages and 
disadvantages of present triticales. 

Broad adaptation 
The International Triticale Yield Nurseries which have been 
grown since 1970 provide evidence of the broadening 
adaptation of triticales to diverse environments. These 
nurseries consisting of azpproximately 20 advanced triticales 
with bread wheat, durum, and triticale check varieties, are 
grown at several dozen locations around the world. In the 
Seventh International Triticale Yield Nursery, rgrown at 60 
locations, the five highest triticales averaged 4400 kg/ha 
compared with 4070 kg/ha for Jupateco, the bread wheat 
check, and 3450 kg/ha for Cocorit, the durum check. 

The transfer of insensitivity to daylength from Mexican 
bread wheat to triticale has improved the adaptation of triticale 
within regions of low Rt.tude (300N to 30 0S), In higherlatitude 
locations in the northern Hemisphere, such as Sweden, 
Poland, Quebec Province in Canada, or Idaho Statein the USA, 
triticales seem less well adapted than the best local wheats, 

National programs 
Several nations have vigorous programs for triticale testing. 

Pantnagar University in India has provided leadership in 
the introduction of triticales in the hill region of northern Indk3, 
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for both food and fodder. Some 80 demonstration plots
farmers' fields 

on 
and 4000 minikits" for farmers' use were
 

supervised in 1977.
 
In western Asia triticale demonstrations were planted in
1977 in Iran (Karaj Experiment Station) and Turkey (University


of Izmir). Triticale lines 
were undergoing seed increase at
higher elevations of Ethiopia and 
 Kenya. Other Africancountries such as Tanzania, Malawi, Bururidi, Rwanda,
Zambia, and Malagasy reported triticales had outyielded bread
 
wheats in local 1977 trials.
 

Among South American countries, Brazil and Chile each
has a national triticale research project, and trials have been
held in the Andean countries of Colombia. Peru, and Bolivia,
To the scientists in Mexico, it appears that commercial 
triticales will spread next in three regions:

(1) The hill area of India-Nepal-Pakistan.
(2) The East African highlands, centered on Kenya.
(3) The Southern Cone countries of South America, 

particularly southern Brazil, 

Progress on the Development-of High Yielding
Triticale Strains at CIMMYT since 1967. 

Year In 
 Sonora Nursery* ITYN ""advanced 
 Yield Test wt -Pln!hi Yieid No. oftrials Identity kg/ha kg/hl 
 cm Year kg/ha Locations1967-68 Bronco X224 2356 64.41968-69 Arm. T909 150 1969-70 2578 39310 65.8 125 1970-71, 3272
1969-70 Badger PM122 174492 68.5 125 1971-72 327d 341970-71 Arm, X208-14Y 5490 65.4 1251971-72 1972-73 3506Cinnamon 255550 66.8 100 1972-7i 34091972-73 Maya iIrArm 6300 
25

70.0 90 1973:74
1973-74 Yoreme 4200 477000 71,0 90 1973-74 . 44001974-75 Beagle 477500 68.0 110 
 1974-75 4480 451975.76 Mapache 8000 69.0 111 1075-76 4483 60
1976-77 KLA-M2A 7802 71.9 100 NA
 
'Northwest Mexico.__.----. 


--Average at all locations In the International Trillcale Yield Nursery. 
- -.­
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Barley is perhaps the hardiest of cereal crops and a basic food 
in regions where the growing season is too short or the rainfall 
inadequate for other cereals. A substantial number of pu;ople 
eat barley in the Med terranean region, Mideast, India, China, 
Korea, Japan. the Andean region. and easter and noi tterr 
Europe. 

AIthoug h improved barley varieties have been developed 
in the past for bre.wn. beer and for cattle fed, varieties for 
hurnan food were virtually ignored by plant oreeders Most 
barteys eaten by human populations have been low yielding 
and suscrptbble to disease. The grains of most harleys have 
hulls that are uselul in rn,'Akin beer or feeding cattle, but the 
hulls are enerally removed hetore the grain is eaten by 
humans, thus reducino weight amd nutrients. Additionally, 
barleys tor brewing beer have neen bfed for low prolein 
content, a disadvant,--ge for a staple human diet. 

Since 1972 CtlMMYT ihas assembled good br eding 
SoLIrces for nearly all cha t rnreouted in food barleys. Sonieacs 
advanceo lines now cobir nhah yield potential, wide 
adaptability, and naked lhull-less) kernels. But these lines as 
yet do not have a sufficient range of disease resistarie 

Lack of adaptation is caused in part by sei sitivity to dWylergth, 
Varieties with sensitivity flower only i long er days. If 
temperate zone barleys are planted in the tropics they may 
flower too late, or not at all. CIMMYT breeders ate able to 
eliminate daylength sensitivity by growirg lines in thewinter at 
a Mexican location 270 N and in the suniriie r at 19"1N at El 
Batan. Since the winter locatwon is on e desert at sea level and 
the sarnmer location is on a humid plateau 2200 inr above sea 
level, the barley lines are sube,: ted to dter eant ronrniits.a 
and only those that show wide adaptation survive 

Drought -rid high temperatures which oiccurred at CIMMYT's 

El M-tan qton in the sijnrrner of 1977 p[ duiced excellent 
t., diAs 'tire ,ust ane ',cald, permltting selection of 

resistai riettsrFls: r;Id the epidemii of leaf rust iii 1977 was 
She :non! sew I : r observe: d at thi.s; lor;atroii. Pathologists 
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identified 22 advanced barley lines with excellent resistance toleaf rust. These are now used for top and double crosses toimprove other lines,Barley growing countries in the Andean region, including 

Colombia, Ecuador, and Peru are suffering epidemics from anew race of stripe rust for which local breeders have identifiedresistant lines. Seed for these lines has been added to the 
CIMMYT crossing block,
 

Good progress is being made 
on other diseases (scald,powdery mildew, common leaf spot, net blotch, and virus stripedisease). Resistant lines are now used extensively in crosses. 

'd, 

fj~ ~CI'WYT ,',
 

] 
 ', Sreeifl.'t~
r t,sbit 

veded mnfood 

Pac-b fj l doton , 

nI)Aed fhlllsj
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Eir Ini 
Quick-maturing barley is the only cereal which will produce 
grain in many areas of the word with a brief rainy season or a 
short frost-free sum me But barleys with short maturity 
generally are low yielding EBreedurs are seeking varieties 
which mature 20-30 das hfor , iting c mimercial varieties, 
and give acceptable yield, 

A RuSSian IneI1. 'LIer FrI': )Z. f!ow(,rs in 4I 0 days anII( Ca:tI 

be harvested in 70 day -,m o'.,)snrIeI.-r season But yield 
is not adequate 

In 1976 CIMMY-T C(WIrL:t, a yiel In C OhregonW trial 
station for early baleys T mm notahle ine was IlaC4725 × 
Olli which yielded 47 tons in 92 days, while tMe commercial 
check gave similar yield in 118 dJys 

A related line M69 69-H1 ijaC.1715 tested for yiId it El atan 
station in surnmer 1977 gave2 9tons in 6ndaysy in adry season 
This is 25-35 days earlier tnari comrnmercial varieties, nd yield 
is acceptable, despite only moderate disease resistance. Ealy 
varieties tend to escape drought and the full effects of dismease 
epidemics. 

.-47,! - '. * ", ' 

. / . . ! ,. ., . /:.' J 
.- ' ,,,f." ./i 4 ' :,I".,,' 

.... 0,0-q- I,,- M W 1 1.".... .,.,
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Another 54 advanced lines of early barleys were placed inyield tests at C. Obregon in winter season 1977-78. These lineshave maturities ranging 70-95 days in the summer season at ElBatan, and 90-115 days in the winter season at C, Obregon. The
best will later be tested internationally, 

Naked grain
Hull-less (naked) barley has several advantages as food:


The edible dry matter is greater In the naked type.
The 	naked barley preserves the vitamins and minerals inthe grain, whereas the hulled type loses part of thenutritive value when the grain is pearled (peeled).The naked grain threshes easier, and becan eaten
immediately after threshing.

Through crosses to Godiva, a variety from USA, and othernaked types, almost half the barley lines in early generations atCIMMYT now have naked grains, These materials still requireimprovement for grain size, plumpness, and resistance to germ
damage during threshing. 

/n 1977, the Third 
intenational Barley 

with 24 entries wvas 
_'_,_.. sent to 45 locations. 

The Fifth Inter­

national Barley-
Observation Nursery, 

with over300 entrie 

Was soot1 to 60 

*-r* 
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Better protein 
CIMMYT breeders aim to raise the nutritional quality of barley 
protein. Protein quality can be improved by increasing the 
amount of lysine, an essential amino acid. 

About 40 percent of early generation lines now have one or 
two sources of improved protein quality in their parentage. The 
Hiproly variety, an Ethiopian barley, has a high protein content, 
and also a gene for high lysine content. Riso Mutant 1508, a 
source obtained from Denmark, is an induced mutant with 
about the same protein content as Hiproly and about 15 
percent higher lysine. Unfortunately, both varieties cause 
shrivelled grain in their progeny, Since the linkage between 
lysine content and shrivelled grain is less difficult to break in 
Hiproly progeny, the program emphasis is on Hiproly as a 
source of better protein. Some progenies of crosses with 
Hiproly have up to 3.5 percent lysine which is less than that of 
Hiproly itself, but still well above the average for barley, To 
eliminate grain shrivelling, breeders are crossing these lines 
with Egyptian barleys characterized by their heavy plump 
grains. 

Straw strength 
Resistance to lodging - the tendency of the crop to fall over 
near harvest - is another problem that has been improved. 
Breeders have used barleys from India, USA and Mexico to 
improve lodging resistance. Barleys have also been shortened 
to reduce the tendency to lodge in areas where fertilizer and 
irrigation are used. Lines in advanced generations now have a 
high degree of lodging resistance. 

Higher yield potential 
In the summer of 1977 approximately 100 advanced lines of 
barley, developed by CIMMYT, were yield tesed at El Batan 
station. Despite a drought which cut short the growing season 
and hastened maturity, the four best lines of hulled barley gave 
yields of 4.7 to 5.3 tons per hectare, exceeding the best bread 
wheat check in this dry season by more than 50 percent. In the 
same trials, the four best lines of hull-less barley gave yields of 

*4.5 to 5.3 tons per hectare. These are remarkable yields when 
one considers the loss of weight from lack of hull. 

In the preceding cropping season at Ciudad Obregon
(1976-77 winter) 68 advanced lines of CIMMYT-developed 
barleys were yield tested against checks of bread wheat, 
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dururm, and triticale. The ten best barleys gave vields of 6.0-7.1 
tons per hectare, with three irrigations anti a moderate fertilizer
 
treatruent of 120N-60P The 
nest whc at checks cave slightly
higher yieldsi During the five,-year period 1972,-77 the best

barleys in CI MM YT pro(narami have reached yield levels just

below the est br.orid wh eats and dirus, 
 kLnder disease-free
 
conditions.
 

Two large ii ternational barley weretrials distributed by

CIMMYT in 1977. The Third international Barley Yield Nursery

containing 24 entries was 
sent to 45 locations
 

The Fifth International Barley Observation Nursery. with
 
over 300 entries was sent to 60 locations. It is the aim of this
 
nursery to obtain broad information on the disease resistance
 
of early generation lines.
 

The number of countries participating in international
 
barley trials rose from 30 (1975) 
 to 63 (1977). 

Countries such as Korea require winter hardin,.ss in their
 
barle,, Coimbiere 
 with the abr;ty oitne plant to tiller fast in the

spriig and ripen early, so that barley can be replaced by

sumnicr paddy by June 1. These varieties are most likely to be
 
achieved by the crossing of winter and spring barloys. And the
 
crosses cannot be made in Korea.
 

Winter barleys are types that must be exposed to a cold
 
period to in duce flowering. Winter bar tleys are l)!ainted if) the
 
autU11mn. .rviv wiier as seedlings ,rd resume growth in the
 
spring. , mice anlw-ite, spring barleys have f,1volved in 
different ecologial zones they have ruie (distinct genetic
 
pools. ThroUrl in terhreedirng each pool becomevs a rich source

,)f additional cl ,en
tic variability for the other pool.


Wn ter lar ieys from Korea, the USA, Tu rkey, and 
eastern
 
ELurope are 
now planted in CI MMYT's Tolucian station ,:ach fall.
The weather at Toluca is cold enough to indtuce flowering in 
winter i)arley ye1 .,-prmg barley cnn be plantcd in Janiri v and 
large nuirniers ol crosses can b(, mado. Part of the F seed Is 
sent to coo)criiing winter b ic ,reers iretliding Korea so 
that winter barltoys car be sclh-ctd inder tneir conditions 
CtMMYT ;tl!so develops sprin(I bardtevs ftoi the ci sses. 

[ y ursi[rI appropriate parerits, breeders telieve winte 
barley x spriiig barley crosses wilt lead to both wiontr and 
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Protein quality 
in barley can be 

improved by 

increasing the 
amount of lysine, 

an es"ential amino 

acid. A out 40 per. 
cent of earlv 

generation lines 

now have one or two 

sources of improved 
protein quality 

in their parentage 

spring types that have higher protein content, better disease 
resistance, better cold tolerance, and a broad spectrum of 
maturities. 

Up to 1978 no national program had released a new barley 
variety bred in Mexico. But the 64 countries now collaborating 
in the international barley trials are obtaining new and bettar 
breeding materials from CIMMYT each year, and commercial 
varieties suitable for most climatic zones should be available in 
the early 1980's. 
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Developri, enut o( New Germ Pirim 
Some wheat varieties carry only asingle character useful to the 
breeder, but this one is often intermixed with undesirable 
characters. One breeding unit at CIMMYT is making the 
painstaking transfer of genes for single useful characters into 
lines with good agronomic type and "pyrarniding" the useful 
gene,'. These modified lines can then be used as parents to 
make many crosses to improve higher yielding, widely adapted
lines. Some of these efforts are described below. Substantial 
gains frcm this work occurred ii1977. 

Most of the world's semi-dwarf spring wheats derive their short 
height from the Japanese winter variety Norin-10.To broaden 
this base CIMMYT is employing three other varieties -- Tom 
Thumb (1 ibet), $948A1 (Rhodesia) and Hisumi (Tibet via 
Japan) -- three short varieties whose genes for shortness are 
unrelated to Norin-10. 

CIMMYT has crossed $948A1 to older Mexican varieties 
such as Huamantla Rojo. Nainari 60, and Pitic 62, aiming to add
 
more dwarfness to their proven yield potential and
 
adaptability
 

At the same time the dwarfing gene $948A1 has been 
incorporated into the latest and highest yielding Mexican 
wheats, which already include Norin-iO in their pedigree.
These crosses involve Jupateco 73, Tezopaco 76, and Pavon 
76. It is hoped that afurther shortening of the straw will enable 
the progeny to convert even more of their dry matter into grain.

Hisumi is a very short winter dwarf, 45-55 cm tall when 
grown in northwest Mexico. It has been backcrossed for 
several generations to some of Mexico's leading spring wheats, 
and seeds from the hybrids are being tested in the 1977-78 
winter season. The most advanced materials are derived from 
the commercial varieties Jupateco 73, Chris, Santa Elena, and 
Nariho 59. 

Protein improvement 
Higher protein content or protein quality have been found in a 
few spring wheats, but these materials are generally associated 
with weaknesses such as susceptibility to rusts, incompletely
filled kernels and poor spikelet fertility. CIMMYT istransferring 
these genes for better protein into better plant types. 
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In the first round of crosses the breeders were able to move 
superior protein into progenies of the varieties Frondosa, Nap 
Hal, Kenya C, Pioneer, and Mahratta. Some of these lines had 
15-19 percer,t total protein c ompared to 10-13 percent in most 
commercial bread wheats. 

In the second round of breeding, best progeny from the 
first crosses were backcrossed to superior advanced lines in 
the CIMMYT bread wheat program. Several offspring from the 
second round show better agronomic characteristics and 
better grain type than their parents, yet retain high protein 
content. Enough seed will be available in the spring of 1978 to 
permit yield trials. One promising line gave 14.5 percent total 
protein in a yield of 5.8 tons/ha. Thecheck varietySiete Cerros 
gave 5.7 tons yield with protein level of 9.8 percent. 

This indicates the possibility that future crosses can 
stabilize the combination of high-yield and high-protein. 

CIMMYT recognizes that extremely high protein levels in 
grain come- at a price. Very high protein grain requires more 
soil nitrogen, and part of the increased protein is in a form 
which does not improve the nutritional value of the grain. 
However, a protein level of 14.5 percent should provide very 
good bread making properties. 

Research onwha 
plantswt 

branched deAds 
seeA to dttermin 

whther hranched . 

hedds willper; r 

a larger nurt' r of 

grain5 ovfr squar? 

TI(tor of f/lints 

and thtu incrt e 

the vi'ld. 
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Leaf rust is caused by a pathogen which is the most unstable 
among the diseases of wheat, and some of the best genes for

resistance to leaf rust are found in older varieties like Yaqui 50,
3
Donza 55, Andes 56 and Era, which have plant types unsutable
 
for commerciil varieties in most developing countries. 

So the breeders are attempting to transfer genes for leaf
 
rust resistance in two ways: first, into a single breeding line that
 
can 
serve as a parent: second, by direct crosses into some of 
the latest and highest yielding Mexican spring wheats which
 
:re susceptible to leaf rust, including Super X, Inia 66, C&jeme

,0.Yecora 70, Potam 70. Jupateco 73 and Zaragoza 75.
 

In another approach to leaf rust resistance, the breeders
 
are using the varieties Agatha and RL6010, each with 
one
 
dominant gene for leaf rust resistance, in a series of back
 
crosses tc high yielding varieties like Inia 66, Yecora 70, Potam
 
70 and Morocco. Cycles alternate between back crossesto theresistant parent, then a screening cycle which permits

susceptible offspring to be discarded and resistant offspring to

be retained. This program will complete its third backcross in
 
1978.
 

The breeders are confident they can select a plant with all
 
the desliabie characteristics of Inia 66, for example, combined
 
with the leaf rust resistance of the variety Agatha (gene LR 19).

This procedure should be equally effective with otner genes for
 
leaf rust resistance (LR9, LR21, LR22, LR24).
 

Research continued in 1977 on the development of wheat 
plants with branched heads. The purpose of this work is to 
determine whether branched headswill permit a larger number
of grains per square meter and thus increase theyield ceiling.

In the early 1970's CIMMYT developed branched heads 
which carried more grains per plant, but this novel architecture 
was generally associated with poor agronomic type, poor
fertility, and poor grain quality. In 1977 most of these
characteristics were corrected. Twelve lines of branch-headed 
biead wheats gave yelds similar to the variety Super X, with 
more spikelets and more grains per square meter. The grains 
were small but well developed and test weight wa3 high.
Problems with fertility and grain plumpness still rem.in. 
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The breeders now believe it is possible to combine the 
branched head with the best characters of thewheat plant. But 
whether this will raise the yield ceiling is still to be proven. 

More spikelets per head, more grains per spikelet 
Another approach to higher yield ceiling is the breeder's 
search for a longer conventional head, with more spikelets per 
head, and more grains per spikelet. 

The winter wheat variety Tetrastichon has a head twice as 
long as most spring wheats, giving 30-40 spikelets per spike, 
compared to 10-13 spikelets in some of the highest yielding 
commercial spring wheats. This character of Tetrastichon has 
been transferred to spring wheats at CIMMYT. 

In addition, the breeders have found some varieties which 
produce more grains per spikelet. The variety Morocco 
regularly gives 10 grains per spikelet when grown in northwest 
Mexico, compared to 3-6 grains par spikelet in most bread 
wheats. Some progeny from the variety Morocco are giving up 
to 14 grains per spikelet. 

Now the breeders are making crosses to combine these 
two characters - more spikelets per head, and more-grains 
per spikelet. One line in 1977 was giving 27-30 spikelets and 7-9 
grains per spikelet when grown under commercial crop 
spacing. This would produce 2 to 4 times more grains per head, 
compared to current commercial spring wheats. 

But the question remains: will this increase the yield? 
Mother nature tends to offset each increase of one yield factor 
by a reduction in another. For example, these plants with a 
remarkable number of grains per spike might produce fewer 
tillers (extra stems), or show greater spikelet sterility (fewer 
grains would fill), or lower test weight per 1000 kernels. The 
breeders are trying to maximize all these characters 
simultaneously. 

Tolerance to aluminum toxicity 
Brazil has more than 20 million hectares of acid soils (Campos 
Cerrados) which could grow wheat when varieties are 
developed with tolerance for aluminum toxicity in the soil. 
Other countries have the same problem. 

Breeders have found that one Mexican spring wheat 
Alondra, and segregates of the Brazilian cross Pelotas 72380 x 
Arthur 71, both confer tolerance to aluminum toxicity, and this 
character is now being transferred to improved bread wheats. 

94 



Wheat x triticale crosses are also being used as an

approach to the aluminum problem. Triticale shows greater

tolerance to aluminum toxicity than do present bread wheats,

and the breeders hope to transfer the triticale character to the

wheats. Several of CIMMYT's wheat x triticale crosses will be
 
tested in Brazil during 1978.
 

Wide crosses (intergenetic crosses)
 
In 1977 crossing between wheat x bairley continued. Eight of

the crosses produced adult plants with good fertility, but all

characters are similar to the female parent. Although there is
 
no confirmation whether 
genes from the male parent are 
present, the plants will be carried forward to advanced
generations in expectation that even partial hybrids (insertion

crosses) would have important use in CIMMYT breeding.


Crosses between wheat and grasses (wheat , Agropyron,

wheat x Aegilops, wheat x Elymus) were continued. These are
 
near relatives of wheat from which new sources of disease
 
resistance are sought. True hybrids have been developed from

all three crosses, but there has been no success in developing

fertile offspring from the third genera cross.
 

All work on new germ plasm described above must be

judged over 5-year or 10-year periods, not on a year-to-year

basis.
 

Physiology-Agronomy 
The physiologists have been assigned the task of identifying
for the breeder more efficient ways of selecting wheat plants
for higher yield. The physiologist studies plant characters
which may lmit yield potential, and factors correlated with
higher yield. He screens materials for drought tolerance. He
works on the frontiers between applied science and the basic 
biological sciences. This is slow work but each year some new 
developments are reported. 
Plant selection in early generations
In early segregating populations (F2, F3) plants are grown at
CIMMYT at wide spacings in the row so that the breeder can 
select visually for differences. This arrangement is very 
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different from the density of pl ,ntsn a commercial crop. Some 

plant characters such as plant height, disease resistance, and 

at both wide and close 
to maturity are comparabledays 

of widely spaced plants bears little
spacings, but the yield 

rejation to the yield of a crop planted at normal densities. For 

th:..eason itis more difficult for the breeder to select those 

with the highest yield potential in early generations.
plV .4. 

are studying early segregating
Physiologists at CIMMYT 

if they can identify characters at an early
populations to see 
generation (F ) which correlatewith high yield potential in later 

generations. (F., F-, Fe). 

To make this study, plants were randomly selected in F.: 

from many CIMMYT crosses. Obseryations wereimadeof more 

than 30 characters in F2. Thereafter- seed from the plants was. 

increased to permit yield trials grown at commercial density in 

Ft,, and F.. Correlation is then made between
generations F4 

high yield in advanced generations and the characters 

F-. those characters which show good
observed at For 
correlation, further studies are made to define more accurately 

in earlybe used as selection criteria
how they might 
generations. 

The firt F: iield trial in this study was conducted in 1977, 

and the one scason result ,'s encouraging. Estimating the 

stomatal aperture (the size ot pores in the leaves) with a mass­

flow porometer on the F: plartds gave a more accurate estimate 

oi yield in the F generation than did the breeders' visual 

assessment. Tests will be made of this as a selection criteria in 

1978. .k 

A drought trial was conducted on 29 bread wheats, three 

durums, and four triticales at three levels of moisture, 
received one irrigation at

Plots under "early drought" 
at 97 days. Plots67 days, and a thirdsowing a second at 

exposed to late drought' received one i; rigation at sowing and 

a second at 35 days. Rainfall wa3 35 mm for the season. Control 

plots received the normal 6 irrigations considered necessary 

for full expression of yield potential in northwest Mexico. 

Some of the newer bread wheat lines showed better yield 

dro, jht stress than the older varieties. The higlhestSunder 
S' yielded 4.3 t/ha

yielding line under late drought, Nacozari 

with two irrigations, and one Pavon "S"yielded 6.9 t/ha with 

three irrigations, whereas the highest yield in the control plots 

: •
A. - .
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with six irrigations was 7.3 t/ha. 
Some early barley lines yielded extremely well in a trial 

with only a planting irrigation (about 150 mm of irrigation plus 
24 mm of rainfall), The best line, Mona Arivat, yielded 3.9 t/ha 
under these extreme drought conditions and matured in 88 
days. This is a yield of over44 kg/ha for each day in the ground, 
whereas the highestyielding variety in any physiology plot in 
1977, under full irrigation, gave 59 kg/ha per day. 

In reading these results, caution ,s needed: these trials are 
useful in identifying parents for the breeding program, but the 
results o' drought studies in Mexico cannot be extrapolated to 
other parts of the world where different tvpes of drought, or 
different soils or different temperature regimes prevail. 

CIMMYT physiologists have conducted a series of studies to 
determine whether leaf angle of the wheat plant is a factor in 
yield potential. These studies were prompted in part by the 
high yielding rice varieties bred by the International Rice 
Research Institute with upright flagleat. Similar wheat varieties 
can be developed if leaf angle were found to be a significant 
factor in yield potential. 
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In 1977 well watered, high fertility trials were conducted on 
bread wheat lines exhibiting different leaf angles. Lines with 

erect leaves werc irom F3 populations of crosses between one 

erect-leafed pairent (Erect RAF) and three high yielding 

Mexican varieties, Siete Cerros 66, Inia 66, and Yecora 70. 

Disease was controlled. Leaf angle was estimated visually as 

an angle from the vertical, at three stages before flowering and 

one stage shortly after flowering. 
The conclusions: No obvious correlation was found 

between leaf angle and yield in these trials under conditions of 
northwest Mexico. 

Under environments with lower radiation than in Mexico, 
leaf angle may be important, and the trait will continue to be 
studied in the breeding program. 

Factors limiting yield potential 

The highest yielding wheat lines under optimum conditions 
(no moisture or nutrient stress, no weeds, no disease) are 
normally the highest yielders under poor growing conditions, 
although under poorest conditions the differences in yield are 
negligible. Therefore, increasing the yield potential oi wheat 
under optimum conditions is of interest to CIMMYT, since it 
relates to yields also uider sub-optimal conditions (the 
circumstances under which most of the world's wheat is 
grown). 

Physiologists and agronomists at CIMMYT are conducting 
studies to determine how yield is limited under optimum 
conditions. 

In 1977, foliar nitrogen applied during the 30 days before 
flowering gave no significant increase in grain numbers per 
spike or in yield. 

More moisture applied as an extra irrigation at 71 days 

after sowing, or in the form of aerial misting when temperatures 
reached 240C, tended to increase numbers of grains per spike 
and yields, but only slightly. 

Day-length extensions with artificial lights were given to 
seven populations during the period before flowering, and 
their response was compared to checks with normal day­
length. Day-length extension advanced the date of flowering, 
and reduced yield in proportion to the number of days that 
flowering was advanced. 
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In a shading study with six varieties, yield was markedly
reduced by applying 50 percent shade during 14 days
immediately before flowering. Yield loss was due to reduction 
of spike numbers and grains per spike, and the loss varied by
variety.

To date, these studies have shown that yield in this 
environment is limited by the number of grains set per unit 
area, and that yield could be increased if it were possible to 
increase either the number of grains per ear or the number of
 
ears per unit area.
 

Nitrogen trials
 
Different sources of nitrogen were tested for their agronomic

effectiveness. The sources of nitrogen 
 used were urea,

ammonium sulfate, ammonium nitrate and sulfur coated urea.
 
Urea, ammonium sulfate and ammonium nitrate always gave

similar results although at the higher rates of N application
 
urea gave higher yields than the other two sources, sometimes

significantly. All three fertilizers were consistently superior to
 
sulfur coated urea under growing conditions of the trials in
 
Northwest Mexico. In a combination of 24 comparisons sulfur
 
coated urea was significantly inferior 18 times.
 

Weeds and weed control 
Since wild oat (Avena fatua) is a major weed problem in many
wheat growing areas of the world, its biology and chemical 
control are being studied. 

The effects of varying lengths of weed competition (wild

oat) on four crops - triticale, bread wheat, durum and barley

-
 were studied using the varieties Yofrerie, Jupateco, Cocorit 
and Celaya respectively. The effect of wild oat competition
began to show between 48 and 59 days postemergence of the 
crop under these conditions. When weeds were not removed 
until 111 days postemergence, the crop losses 4070were 

kg/ha, 2550 kg/ha, 3190 kg/ha and 520 kg/ha, for Yoreme,

Jupateco, Cocort and Celaya respectiveiy, as compared to 
their respective checks. The most competitive crop was barley
(variety Celaya). This isdue to theearly seedling vigorof barley
and the fact that it covers the ground rapidly to prevent light
penetration and the development of weeds. The important
factors that emerge from this experiment are (1) the varying
ability of crops to compete with weeds and (2) the importance
of crop density. 
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Path o , 

A severe epidemic of leaf rust (Puccinia recondita) attacked 
the principal commercial wheat area of northwest Mexico in 
the winter season 1976-77. Seventy percent of the crop was 
planted to the variety Jupateco 73, which is susceptible to leaf 
rust 

The Government of Mexico organized an aggressive 
program of aerial spraying with fungicides. In fields where no 
fungicide was applied Jupateco 73 vielded as low as 800 
kg ha. whereas in fields effectively sprayed, yidds were as high 

as 6 tons ha 
The circumstances behind thisepidemic are described in a 

report at the back of this Review. together witti conclusions 
During the epidemic CIMMYT conducted commercial­

size.; trials on the use of fungicides as control agents against 
leaf rust The results are reported below 

In one fungicide trial, a 25-hectare field of Jupateco 73 was 
divided into blocks of 5 to 6 hectares for fungicide treatment, 
and a one hectare area wis reserved as a check Yield data 
were taben ' commercial combine The fungicide Indlar ,wa; 
applied from the a a anat the rate of 800cc p(,r hectare and c av(? 
average 54 perc-nt yield increase compared to the check The 
fLrac de 9 a tor1 was applied at 1 kg ha and gave 32 percent 
increase-n ye-d Botri treatments were economic (value of 
crop saved greatly exceeded the cost of treatment) 

Bayleton showed excellent eradication ahilit tkiled riist 
pustules already formedi wnereas Indar served to prevnt , 

pustules from forming after treatment 
In a second trial. Indar was app!ed to irrigation water 60 

days after crop emergence of the variety Jijpateco 73. ,hich 

already showed 10-12 percent leaf rust irfrct or. The 

fungicide taken up by the plant roots as a systemic ir%150d 
yield by 13 1-ercent 200 meters from the point of appcat1on 
indicat!ng ece!lent dispersal and demrTrsonstratred both 

feasib ! t and ecoromic oayoff of this rethod 

Gibberella bligrit is a fungus disease of wheat comionly 
known as *head scab', whicr took a heavy toll in southern 
Brazil and Arnentina in 1977 Ario( ertd(,mii: in .Janan and 
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China CIMMYT is collecting wheats reportedly resistant
scab to deterniire wiether resistance can 

to 
be combined into 

high yieldi r i varietjins 
Until now. Japa i ha had the best resistance to scab but

Japanese resistan(:, ias been generally associated withwheats of poor ajrorm ic type, high susceptibility to stern 
rust. and poor baking quality Argentina has developed one 
source of resistance in the variety Klein Atlas In Brazil crosses 
are being made betwen Brazilran wheats and Asian varieties
which have some resistance to scab, especially Japanese such 
as Minarri Kyuchu, Nibiaka. Nyu Bay and Peking 8. Pro)gressin
breeding for resistance to the disease is slow Chinese 
breeders say they hav no wheats with strong resistance to 
scab. 

The USA eliminated scab as a serious wheat disease
during the period 1890-1930. Wheat and maize were then grown in the same areas of the USA and the two crops served 
as alternate hosts to the fungus, winter and summer, until the
wheat crop moved farther west into drier areas and the chain of
continuous infection was broken. "Thissolution is not feasible
in some countries where the disease is now endemic. Hence 
genetic resistance is sought. 

MW 

T i4­

-. 7 1*i l plots for 
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International Wheat Testing 

In 1977 collaborating scientists in 96 nations planted over 1700 

trials of wheat, triticale, and barley nurseries distributed by 

nursery consists of a set of varieties or lines,CIMMYT. A 
sometimes as many as 470. Identical sets are sent to scientists 

at numerous locations. The results reveal the adaptability and 

of each entry under dozens of differentcomparative yield 
breadth of diseaseecological conditions as well as the 

resistance of the entry. The information derived from 1 year of 

testing at so many locations could not be equalled by decades 

of testing at one location. 
CIMMYT's international testing program evolved from 

cooperative wheat testing in North and South America in the 

late 1950's. When the Mexico program received its first trainees 

from outside the Americas in the early 1960's the idea of 

worldwide tests was a logical expansion. The First 

International Spring Wheat Yield Nursery in 1964/65 was the 

beginning. Other types of nurseries followed. Nurseries are 

sent out annually in triticales, durums and barleys as well as 

bread wheats. Some nurseries consist of F:' seed, others 

contain advanced generations, still others released varieties 

Certain nursery trials are replicated, others are not. 

The nurseries are a mechanism for distributing germ 

plasm. Any entry in any nursery can be used as the 1,2cal 

entry as a parent for makingbreeder sees fit. He may use an 

crosses with local varieties, or make selections from the entry, 

or multiply the entry for direct release to farmers with 

appropriate recognition to originating institution and country. 

A significant benefit of the nurseries is that they foster 

contact and cooperation among scientists in nationswith wide 

social and political differences. 
In 1977, 96 countries received nurseries (see Table). The 

total weight of the nurseries, shipped by air, was 4.5 metric 

tons. 
As rapidly as test data are received from each nursery, 

CIMMYT summarizes and publishesthe results for distribution 

to all collaborators and other interested scientists. 
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Bread Wheat, Durum Trticale and Barley Nurseries Distributed by
Internalional Nurseries Program 1977..The 
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Milling and bntdhing Labora ory 

The milling and baking laboratory evaluates the grain of bread 

wheat, durum, and triticale lines for their suitability in making 
otherbread, tortillas, chapatis, cookies, spaghetti, and 

products. 
In 1977 the laboratory tested 30,000 samples from early 

generation bread wheat lines (F3and F4) for gluten strength by 

the use of the micro-Pelshenke test, after being selected for 

seed type. By screening in early generations, it has been 

observed that advanced materials have increased in test weight 

(weight of grain per unit volume), and very few advanced lines 

are now discarded because of low grain test weight. Test 

weight influences flour yield. Among advanced lines and 

varieties of bread wheat, some 1900 were evaluated in 1977 for 

milling, protein percent, mixogram, alveogram, sedimentation 

and ,-.King. 
In durum wheats the laboratory screened 7000 individual 

plants for pigment content, and 250 advance.d lines were 

evaluated for spaghetti-making quality. Several advanced 

durum lines were found with better spaghetti cooking quality 

than Mexicali, Mexico's leading durum. 
In 1977, 9500 triticale lines from segregating generations 

were screened for alpha-amylase activity by the use of the 

"falling-number" method. A direct correlation between alpha­

amylase activity and sprouted grain has been observed, lines 

with the highest activity exhibiting the highest sprouting in the 

field. With the use of this test, the lines with tendency to sprout 

will be discarded from the program. 
In triticale, 497 high yielding linesthat havagood yield and 

high test weight were evaluated for milling and baking and for 

quality in cookie-making. 
Almost all the triticale lines tested had a flour yield higher 

than 60 percent, and some higher than 70. Good bread wheats 

have flour yields of 70 percent. Baking tests were conducted 

with triticale flour using low fermentation period, and a high 

number of triticale lines had loaf bread volumes above 700 cc. 

compared to Yecora a good bread wheat, which has a loaf 

volume of 765 cc. Many triticale lines provide flour that is better 

for cookies than the soft bread wheat normally used for making 

this product. 
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Since 1966 over 400 wheat scientists have received in-service 
training in Mexico. During 1977, 41 young scientists from 21 
nations were trained. 

The training program lasts 3 to 7 months. It aims to develop 
skill in field and laboratory techniques, to give experience 
working in an interdisciplinary team, and to improve 
understanding of agricultural development and the role of 
wheat production. 

The number of training fellows by country in 1977 carries 
no program significance, because availability of candidates in 
a particular year depends upon the ability of each government 
to Epprove study leaves for young scientists. (See table.) 

Over a 10-year period the number of trainees per country 
can indicate several cropping situations. For example, 
countries where CIMMYT has participated in major wheat 
improvement campaigns have sent the largest number of 
candidates: Algeria, Brazil, Mexico, Pakistan, Tunisia, and 
Turkey. Some smaller wheat producers are trying to expand 
their crop, and these countries are active participants in 
CIMMYT wheat training: Bangladesh, Ecuador, Nigeria, and 
Peru. 

Starting in 1975 the course for wheat agronomists has provided 
experience in laying out on-farm testing of wheat, barley, and 
triticale, from which recommendations to farmers can be 
drawn. The trainees have installed, managed, and harvested 
trials, and prepared recommendations. The principles and 
techniqucs learned in these trials should help the trainees 
develop programs in their home countries that will produce 
information useful to policy makers in formulating 
recommendations. 

The CIMMYT training staff have helped a number of 
governments to set up training courses within national wheat 
programs. In past years such courses have been organized in 
Turkey, Tunisia, Algeria and Ecuador. 

In 1977 the head of the wheat training staff in Mexico spent 
several weeks in Tunisia and Algeria, helping lay plans for 
additional training programs to be carried out in 1978. 
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Origin of Wheat in-service trainees, 1966-77. 
19...6 	 1966­

19771977
19771977 


118 10Latin America 
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W'heat Cooperative Projects ', i, 
During 1977 CIMMYT had posted four wheat scientists to work

with regional wheai programs outside Mexico and five to work

with national wheat programs.


In three regions of the world wheat growing countries nave
entered into cooperative arrangements to improve their wheat
 
crop. Regional 
 groupings generally comprise neighboring
countries in which wheat is a major crop, grown under similar

climatic conditions, exposed 
 to similar diseases, and
benefiting from continuous exchangeof technology. Typically

a regional program will sponsor: (1) an annual workshop
among wheat scientists, (2) circulation of uniform nursery

trials. (3) visits by local scientists to observe wheat research in
neighboring countries, (4) more training in the region, and (5)

consultation by CIMMYT scientists. 

At the clos' of 1977 CIMMYT wheat scientists were

stationed in the following regional programs:
 

Number of 1978 Wheat CIMMNT Denor of YearregionalWheat region & cooperating population crop assigned restrictedheadquarters.. countries (millions) (tons) staff core funds 
arrangement

began
.
 1977

Mediterranean, 22 1040 69,000,000 2 Netherlands 1973
Mideast & South
 
Asia (Egypt &
 
Turkey)

East Africa 14 106 1,000,000 1 Canada 1976
(Kenya)

Andean Region 
 5 69 330,000 1 Canada 1976
(Ecuador)
 

A fourth regional program is toexpected commence

during 1978 in the Southern Cone countries of South America

(Argentina, Brazil, Chile, Paraguay, Uruguay); 
and a fifth isprojected to begin during 1979 in North and West Africa
(Tunisia, Algeria, Libya, and Morocco) with services extending 
to Sub-Sahara Africa).

In acdition to the regions, national wheat programs
typically served to improve wheat research in local experiment
stations, to test experimental varieties on local farmers' fields,to mLltiply seed improvedfor varieties, and to provide
additional training for local scientists. CIMMYT's assigned
staff in national programs share these activities. 
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The following countries participater, in cooperative 

arrangements during 1977: 

Start of CIMMYT Approximate 
CIMMYT assigned wheat crop 

Country arrangement staff 1977 (tons) Donor* 
1965 1 7,000,000 USAID/Fordpakistan 1,400,000 Ford

Tunisia 1968 1 
2 2,900,000 FordAlgeria 1971 
1 360,000 USAIDNepal 1976 

*CIMMYT requires 'extra core funds' for support of each national 

arrangement.-­

in each national program mayParticipation by CIMMYT 
years or more, subject to mutual agreementcontinue 10 


among the cooperating country, the donor, and CIMMYT.
 

Medt~u ~'ianc d e Req i'on 

Since 1973, a unique disease warning system has been 
of cereal growing countriesoperating with cooperation 

Indi'"stretching from Morocco in the west to the sub­

continent in the east. North-South the region extends from 

southern Europe to East Africa. 
Two CIMMYT pathologists are assigned to the project, one 

headquartered in Egypt, the other in Turkey, both able to make 

regular trips to monitor epidemic levels of wheat-barley 

diseases and to cooperate with the International Center for 

Agricultural Research in DryAreas (ICARDA) at Aleppo, Syria, 

and Tabriz, Iran. The Project operates as follows: 

International wheat-barley trials are distributed each year 

as (1) a trap nursery, and (2) a disease and insect screening 

nursery and other trials. 
A trap nursery consists of small plots of the principal 

commercial varieties of wheat-barley grown in the region. This 

trial is grown by cooperators in most countries of the region, 

permitting observation by the pathologists of the diseases 

which attack each variety, the extent of damage, and virulence 

of the pathogen involved. If an existing commercial variety is 

seriously damaged in the trial, early warnings can be issued to 
that this variety will needthe governments concerned 

replacement in future years. 
plots ofA disease screening nursery consists of small 

experimental lines of wheat-barley, gathered from national 
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programs of the region and CIMMYT. These trials are likewise
exposed to 
 the prevailing wheat-barleymonitoring diseases. Bywhen the diseases strike, and the intensity ofattack, the patholngists are able to identify breeding materials
which carry 
 strong resistance to each disease. Thisinformation is distributed to cooperating governments. By
selecting resistant wheats in the "hot spots" (locations with
virulent forms of pathogen), the pathologists are probablyidentifying m'Jltiple-gene resistance, and may thus helpproduce future varieties with effective commercial life longer
than 5 years.


Testing is 
so widespread that it is possible to map themovement of epidemics and even the newer races ofpathogens, as they cross national boundaries. Ultimately, itmay be possible to predict when a new race of rust will reachcertain countries of the region and thus warn thegovernmentswhen substitute varieties are urgently needed. Moreinformation on weather systems is needed before prediction is
possible.

Laboratory identification of the races and virulenceof rustis performed for this project by collaborators in Netherlands,

Yugoslavia, and Egypt.


Pathologists of 
 this region work closely with the East
African program (below)
 

East A fri, e( ., . t .A ,r,,.,
Starting in 1976 CIMMYT assigned one wheat breeder to the
East African highlands. This operation is headquartered at the
Kenya National Plant Breeding Station, Njoro, elevation 2300
meters, about 200 kilometers northwest of Nairobi, near

Nakuru.
 

Fourteen countries of this region together produce more
than 1 million 
 tons of wheat: Botswana, Burundi, Ethiopia,Kenya, Lesotho, Madagascar, Malawi, Mozambique, Rwanda,Somalia, Swaziland, Tanzania. Uganda, Zambia.In 1977 this regional program held its first workshop atNjoro for 23 wheat scientists from 12 African countries. Theworkshop focused on the potential for triticale in the region.In 1977 the first Africai, Cooperative Wheat Yield Trial wasgrown in replicated plots in 11 countries. A second trial will be
distributed in 1978.

The high altitude summer wheat nursery was grown atNjoro station in 1977. approximately June-October, and the 
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The CIMMYT trainingj p-qrarn has brought 33 young 
Rakistfini s(euntists to Mexico for one cropping season 
includng 3 in 1977 More than a dozen Pakistan wheat 
scientists were sent to U.S universities foradvanced academric 
Eidies. This body of trained manpower was the foundation of 
sUbSequent progress 

The wheat program in Pakistan has released more than a 
dozef new varieties during the past decade. 

During this decade of collaboration, the average yield of 
w iat fields has risen by 50 percentin farrmers' 

Hitgh yielding wheat varieties are now sown on 63 percent 
of Pakistans wheat land and produce 78 percent of the weat 
qr,'an. The amount of fertiizer applied to wheat has doubled in 
the 1970s. Despite these gains Pakistan still imports almost 
one million tons of wheat this year. 
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Tunisia national wheat program 
a yearas 400,000 tons of grain

Tunisia imported as much 

during the first half of the 1970's, but reached approximate self­

sufficiency in 1976 and 1977. 
National population will pass 6.2 millions in 1978, 

a year.increasing at 2,5 percent 
CIMMYT wheat scientists were posted to Tunisia starting 

years 23 young Tunisian
in 1968, and during the past 10 

scientists have spent a cropping season in the Mexico training 

sent to U.S. universities for 
program. Several Tunisians were 

this staff has come the
advanced degrees. From young 

following progress: 
varieties have

(1) Several new bread wheat and durum 
recommended practices. The

been released. together with 

procuction of bread wheat has doubled. The new varieties of 

durum now cover 50 percent of durum land. 
of wheat and medicago (forage

(2) A 2-year rotation 
legume) 	 has been introduced from Australia and proven 

more grazing to
adapted under local conditions, providing 

sheep than the previous 'weed fallow' between wheat crops. 

work has been completed on barley and
(3) Limited 

triticale. More can be expected from these crops. 

(4) These activities led to cereal crops of about 1.4 million 

tons in 1976 and 1977, compared with 800,000 tons a decade 

be credited partly to weather, partly to
earlier. The gain can 
national policies, and partly to excellent research. Tunisia was 

the bread basket of the Roman Empire and it is again exporting 

to Rome. 
CIMMYT's 5 scientists posted in Tunisia in the late 1960's 

and the last resident scientist was 
were gradually reduced 
withdrawn in 1977. 

CIMMYT staff will continue to pay short visits. 

national cereals progr-arnAlgeria 
Algeria's population of 18.3 millions (1978) has been 

increasing by 3.2 percent a year. Algeria experienced a decade 

of food deficits prior to the mid-1970's; during this period grain 

imports ranged from 0.7 to 1.7 million tons a year and the cost 

rose as high as US$250 millions in oneyear.of imported food 
record harvestIn 1976 Algeria achieved an all-time 

at 2.9 million tons, partly attributable to goodestimated 
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weather, partly to good government policies, partly to good 
research. In 1977 grain production was only about 1.5 million 
tons. This was mainly due to severe drought and freezing 
during critical crop phases. 

Starting in 1971 CIMMYT assigned a team of wheat 
scientists to collaborate with the Algerian national cereals 
program. FAO and Caisse Centrale of France also lent 
technical staff. 

An ambitious training program during 1971-77 sent more 
than 60 Algerians abroad, including 42 for in-service training at 
CIMMYT-Mexico, and others for advanced academic study in 
France, Australia, USA, UK, Yugoslavia, and Canada By 1980 a 

core of 15 postgraduate scientists are expected to be in place, 
leading the research activities. The program emphasis is on 

development of new high yielding varieties for durums and 
bread wheats, and new production technology. 

By 1977 the Algerian Government considered its biggest 
problem to be the yield gap between the research station and 
the farmers' fields - yields of three to six tons in experimental 
plots compared to 0.8 to 1.8 tons in production fields. A 
workshop between Algerian and CIMMYT scientists 
recommended on-farm demonstrations to display to farmers 
the needed production practices for seed bed preparation, 
weed control, fertilizer strategies, and choice of variety. This 
program is now underway in 1978. 

Another workshop dealing with the role of pathology in 
varietal improvement was held at Algiers in March 1977, 
attended by 25 Algerian wheat scientists. 

CIMMYT assigned a wheat agronomist to Nepal for the period 
1976-77. (Background information on Nepal's grain 

production is given in the maize section of this report). 
CIMMYT gave training in Mexico to seven young Nepali 

wheat scientists during 1971-77, who now work on the staff 
which tests the annual wheat and barley nurseries from 
Mexico, conducts local breeding, and places trials on private 
farmers' fields. 

The CIMMYT wheat scientist in Nepal concluded his 
assignment during 1977. 
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cc;norn;~cC: 
The Economics Group at CIMMYT participate in CIMMYT's
 
central objective - to help nations develop and disseminate
 
improved technology for maize and wheat. The economist
 
does this by working with biological scientists arid policy
 
makers to make technology and policy more consistent with
 
the circumstances of farmers, by joining with CIMMYT maize
 
and wheat staff in their training programs, and by collaborating
 
with maize and wheat staff on special projects.
 

Ecoromists at CIMMYT believe that farmers' decisions are 
dominated by three sets of forces --- physical, biological and 
economic Other factors may impinge on farmers' decisions, 
but their influence is usually minor compared with that of the 
three dominant factors. It follows, therefore, that a knowledge 
of these three influences at the farmers' level must orient the 
research of agricultural scientists, if the resulting technologies 
are to be made acceptable to farmers. Given this concept. 
economists at CIMMYT encourage collaborative research 
between biological scientists and economists on the 
circumstances of farmers and on markets which serve them 

The aim is to bring about close cooperation between the 
biological scientists working on crops in national programs, 
and indigenous economists in the same country. The biologist 
can contribute his knowledge of agro-clirnatic factors 
interacting with the crops at critical stages in plant 
development. The economist can bring his senstivity to 
farmers' goals and constraints, his awareness of aiternative 
uses for farme-s resources, and his concern for markets. The 
economist also supplies knowledge of survey techniques, of 
data analysis, and of policy issues important to national 
programs. 

The economist helps to organize surveys which are 
designed to obtain information about why farmers manage 
their enterprises the way they do, what compromises are 
forced on farmers by their circumstances, and what are their 
perceptions of factors limiting production. This information 
helps identify major needs and opportunities within the 
farming system. 
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completed and
Several studies of this kind have been 

others are underway. In Egypt, for example, a survey showed 

use the planting practices recommended by
that few farmers 

onnow been designed for use
scientists. New trials have 

the plantingtest side-by-side farmers'farmers' fields, to 
practices and those recommended by the scientists, to see the 

of each upon yields and upon returns from other
effects 
practices being recommended. 

private farm land
Similarly in Ecuador, revised trials on 

combine improved practices proposed by scientists with 

representative practices used by farmers. Farmers, biological 

scientists, and economists review the resulting crop. These 

guide future research on experiment stations and
reviews 

serve to improve the prac.tices chosen for testing.
 

Participating biologists have used the completed studies 

reshape their research, sometimes changing the thrust of 
to 
their earlier work, sometimes finding new opportunities for 

collaboration with farmers. The findings of these studies have 

been incorporated into new technologies, and have been 
policies are

referred to agricultural decision makers when 

brought into question. 
Initially all CIMMYT economists working on these studies 

were based in Mexico and travelled to developing countries. As 

the number of studies increased, some economists were 

posted to maize and wheat production regions outside Mexico, 

where they are closer to national institutions. 

Regional ecanorniits 

The concept of regional economists was approved by CIMMYT 

Trustees in 1975. By 1978 economists had been posted to four 

regions. 
The first regional economist went to eastern Africa in 1976 

His work concentrated initially in
with funding from UNDP. 
Kenya and Tanzania, where seven surveys combining national 

crop staff and local economists had been undertaken through 
are being1977. Studies in other countries of eastern Africa 

discussed. 
A second regional economist was posted in the Andean 

Region in 1977 for cooperative work in Columbia, Ecuador, 

Peru, and Bolivia. His initial work concentrated on floury maize 

dominant food crop in the highlands,production systems, a 
and on wheat, a secondary crop in that area. Six surveys were 
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completed by '1977. In one study the importance of the maize­
potato rotation led to a joint CIMMYT/CIP study. 

A third regional economist began work in Central America 
in 1977 from his base at CIMMYT-Mexico. The first joint study 
in this region was centered on Honduras. Other studies in this 
region will follow. 

The fourth regional economist is stationed in Asia, starting 
in 1978, and is focusing his work on Pakistan, northern India, 
Nepal, Bangladesh, and Thailand. 

In each regional program, the CIMMYT economist finds 
biological collaborators in the national crop programs, while 
collaborating economists are found in a variety of institutions, 
mostly schools of agriculture. One national crop program in 
East Africa decided to add a substantial economics section to 
its crop work, after a year's experience with collaborative 
research. 

CIMMYT is preparing a manual to assist those engaged in 
joint efforts between crop scientist and economists. 

Training 
The Economics Group participates in the training of 
agriculturalists in three ways - by working with CIMMYT 
wheat and maize training programs in Mexico, by helping 
regional programs in their special training sessions, and, more 
generally, by preparing materials of special interest to 
agronomists. The aim is to bring to the attention of 
agriculturalists the dominant forces in farmers' decision 
making. These forces - physical, biological, and economic ­
can then be integrated into the research plans and into 
recommendations and demonstrations for farmers. 

Training also demonstrates how to gather data on what 
farmers are doing, on what is happening in the markets, and 
evaluating data from the farmer's view point. We take the 
trainee to grain markets, to fertilizer supply centers, to credit 
agencies. The emphasis is on learning more about the 
environment in which the farmer makes his decisions. 

National program reviews 
In 1977 national officials of Algeria and Tunisia invited 
CIMMYT to offer suggestions on ways in which their wheat 
production could be expanded faster. CIMMYT scientists had 
been collaborating in Algeria for seven years and in Tunisia for 
nine years, concentrating on varietal improvement and 
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agronomi ;rct ices Natfonal officials asked CIMMYT to 

examint "fntl otilre %'vtlf1 econonly 

CIMNMYT hi)logica' scientsts and econornists jointly 

pr-JCk .'kqr')tLd papotS. participated in a woikshop on 

eaCh C ;-lrt I ' Wo omnindations national, n '. COrec to 

h-lieo,,e'orentCc r.'.ot. new ,a,s lot colhbortilon 

,,ithc nat or<l pro'rin-s nd fr collaboration within CIMMYT 

Dc rinc; t977 CIMMYT rusles asked the staff to begin a lew 

actiity - Org nmg a s .sot seminars af-onl agricuiltuiral 
p.a1 C} ,akers .leon q countries5cv rOlm 

r.-benind m initiative (1)improved 
tec ,,oq, i .rm ehat has prv',od to b one 

Th.,:, reason t rs was 
f ma ie only 

factor i r v 2t agricltttiral, 'n, fOod duction: souInd 
uoo :,es ar ai y ir.portanl in assisting farmers; 13) policy 

makercar e~ca~g making if giveno'rpnocOs on dsocInI 
oPP1OtUn' tc mo,., (e! and 4) CIMMYT is an 

approprate ',r .tiW to sponsor g atnerings among policy 

makers 
Fo OV,._ ths tnOught. the Trustees approved : 3-year 

project n c the first year 119781 wnCul'd te devoted to the 
preparator f Case studies, and the rama3nng two years to 

seminirs bri,%aig together senior agricIltural policy -alkers 
--about three seminars a year. each lasting 2-3 weeks, each 
with 30-35 participants ,ajorthenes ef the seminars would be 
the critcal importance of farmer circunstances and of 
technical relationsnips in policies relating to the development 
and diffusinon of new technology 

For purposes of these seminars agr!cutLural policy makers 
are described as public officals below the rank of vicr.-mnister 
and in posticns of leadership for crop research, agricullural 
extension agricultural credit, input supply and Su bs; d's,', price 

suport and storage procgrams, and other pblic policy area.,ic; 

which influence the diffusion of new ag ri cultural technology 
Since many of these decisions are mace ootside of Miniutres 
of Agriculture. participarnts wll corne from a broad range of 
Ministries. 

ClMMYT Econom ics Group v as asked to provide 
leadership in this prolect. to enlist the skills of outvside 
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CIMMYT maintains laboratories which perform central 
services for all crop programs 

The Protein Quality Laboratory analyzed approximately 23,000 
'es of grain in 1977. of which about 750, were maize, 150o 

wheat and 40 barley. 
, the laboratory analyzes most samples for total 

protei ... id for the amino acid tryptophan Micro-Kjeldahl and 
colorimetric procedures are employed to obtain these two 
measurements in the endosperm protein Since lysine content 
is highly correlated with tryptophan level, lysine levels are 
measured only for the samples which have already been found 
to have outstanding tryptophan content. This saves time and 
cost. 

In 1977 the dye binding capacity method (DBC) was used 
to measure protein quality in 900 whole kernel maize samples 
from advanced lines 

For floury maize from the Andean region, the ninhydrin 
(chemical) test is used to determine the level of free amino 
acid. as a means of selecting those with higher lysine content. 

In samples of triticale, wheat, and barley, total protein 
(nitrogen. content) and protein quality (DBC procedure) are 
analyzed. For the most promising 1450 of these, lysine was 
measured more accurately by the ion exchange 
chromatography procedure. 

Complete amino acid analysis was performed on only 24 
outstanding samples from all the programs. 

The above work assists the crop scientists in selecting the 
best seeds for further crossing, and in rejecting inferior 
materials. 

Biological evaluation 
CIMMYT no longer maintains an animal feeding laboratory but 
contracts with outside organizations for biological feeding 
trials. In 1977 the most promising six triticales and seven corns 
were tested using animals at the Mexican National Institute of 
Animal Research and the Danish Agricultural Experi-nental 
Laboratory. 
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Duirng 1977 pt otein laborato ry tech nicans from five countries 

received training in the CIMMYT protein laboratory in Mexico 

(Ecuador 1. Pakita; 1. Peru 1. Philippir es 1, and Thailand 1) 

CIMMI','T biochemists visited protein laboratories in three 

d.ev6lopnCj countries (Egypt. Ecuador, and Guatemala) to 
advise on testing proUerdu rus and equipment I . this way 
CIMMYT keeps in touch with a network of laboratories. 

This laboratory ran tests in 1977 on more than 10,000 samples 

of soil, water and plant materials submitted by CIMMYT 

program units. 
Included were 3458 soil samples studied for pH, organic 

matter, nitrogen. calcium, magnesium, potassium, 

phosphorus, micro-elements, nitrates, electric conductivity or 

cation exchange capacity. Most of the studies served as 

background for fertilizer trials. The work was requested by 

CIMMYT program units in Agronomy, Physiology, Experiment 

Stations. and Training 
Thirteen samples of irrigation water were analyzed for 

soluble salts, sodium. and boron 
The plant nutrition side of the laboratory studied 6802 

samples of vegetal tissue and grain Most measurements were 

for nitrogen. to determine the uptake of fertilizer: or forsugars, 

to determine the yield limiting factors in crop varieties. 

j The Se-l 121 
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Experiment Station Management 
CIMMYT has conducted research at seven stations in Mexico 
during 1977 and 1978. Three are under Mexico's National 
Agricultural Research Institute (INIA), and four under 
CIMMYT. Some characteristics of these stations: 

Hectares used by
Station Elevation Latitude CIMMYT 

CIANO-INIA 39 m 270 N 165 
Los Mochis-INIA 40 m 260 N 2 
Rio Bravo-INIA 30 m 260 N 1
El Batan-CIMMYT 2240 m 190 N 66 
Toluca-CIMMYT 2640 m 190 W 69
Poza Rica-CIMMYT 60 m 200 N 42 (twice a year)
Tialtizapan-CIMMYT 940 m 180 N 31 (twice a year) 

The four stations operated by CIMMYT are fully
developed, with land fenced, levelled, provided with field 
roads, equipped with drainage and irrigation facilities, and 
crop buildings. 

El Batan station is testing new herbicides to identify 
chemicals compatible with both maize and wheat, because 
some herbicides previously applied to maize do not allow 
rotation of land with wheat. 

At Toluca station a shortage of irrigation water has been 
corrected with a deep well. A new drainage and irrigation 
scheme is being implemented. 

At Poza Rica station, a flood control wall along the Poza 
Rica river was build after a flood in 1975, and further reinforced 
during 1977. 

Training and consulting 
Since 1973, persons interested in experiment stations 
management from 24 countries have received training at 
CIMMYT's stations in Mexico for periods of two weeks to six 
months. During 1977, 43 training participants came from: 
Bangladesh 1,Costa Rica 2, Egypt 2, Kenya 1,Tunis 1,Pakistan 
3, Yemen 1, Honduras 3, Mexico 7, Syria 4, Colombia 4, Zaire 2, 
Tanzania 2, India 1, Guatemala 2, Caribbean countries 7. 
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The Head of CIMMYT's experiment stations spends aperiod each year as consultant to national programs, which in1977 included a month and a half in Egypt, Honduras, Kenya,and Tanzania. Training and consultation in stationmanagement hasso increased in volumethat CIMMYT added a
Training Officer for this purpose at El Batan in 1977.
 

Statistical Services 
Services of the statistical unit expanded greatly in 1977-78.For the first time the international yield nurseries of the
wheat 
 program were analyzed within CIMMYT on its owncomputer equipment, using computer programs developed at
the University of 
 Colorado. With minor alterations, thesenurseries can now be handled satisfactorily.


CIMMYT staff developed a series of computer programs
for summarizing 
 the wheat screening nurseries, which areunreplicated observation trials with more than 300 entries, and 
scores of testing sites.
 

Maize international trials have been analyzed in-house fur
several years and continued 
to be printed directly from the
computer in 1977. An improved "filter" system now examines
maize field data for improbable values.

An inventory of the seed in CIMMYT's maize germ plasm
bank has been 
 placed on Novathe computer, and isundergoing trial. operation, this will simplify the task of

In 

managing the bank, preparing invoices for, seed shipments,

and preparing reports.


The Statistical Unit found more time in 1977 to give service
to a wide range 
of users in design and analysis of fieldexperiments. Many wheat variety trials and maize protein trialswere analyzed by machine for the first time. Several trials fromCIMMYT outreach program were also processed by the

statisticians at El Batan.
 

Information Services 
Fifteen new titles were published during 1977. In addition, thegeneral information booklet, This is CIMMYT, was revised andreissued. Most bulletins, reports, and reprints were publishedin two languages (English and Spanish). 
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Publications Issued by CIMMYT 1977 
Title Language Pages Press Run 

Wheat 
Results of the 7th International Durum 

Screening Nursery E-S-F 16 1,000 
Field manual of common wheat 

diseases and pests 
English 
Spanish 

68 
68 

7,500 
7,500 

Grain production potentials in 
developing countries: 
World implications English 68 500 

A second look at the Green Revolution English 76 500 
Genealogies of 14,000 wheat varieties English 119 2,000 

Maize 
Maize training in the International 

Maize and Wheat Improvement Center English 4 517 
CIMMYT 1975 Maize Improvement English 64 2,000 
Maize improvement: A multi-

disciplinary approach 
English 
Spanish 

4 
4 

500 
1,100 

Current status of plant resources 
and utilization Spanish 5 1,000 

Economics 
Maize production patterns in 

southern Zaire English 12 1,000 
Notes on the role of rural Pakistani 

women in farming in the northwest 
frontier province English 4 1,000 

Administration 
This is CiMMYT English 

Spanish 
32 
32 

10,000 
5,000 

CIMMYT Review 1977 English 99 6,240 
CIMMYT Today: Turkey's wheat English 20 5,250 

research and training project Spanish 20 4,800 

Miscellaneous 
Soils derived from Volcanic Ash English 102 2,000 

in Japan 
English, Spanish and French 
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The serial, CIMMYT Today, continued with one issue 
published during the year. Articles in CIMMYT Today treat 
broad aspects of CIMMYT's activities for the informed layman. 

The Commonwealth Agricultural Bureau (UK) issued on 
behalf of CIMMYT, Volume 3 of the Maize Quality Protein 
Abstracts, and Volume 3 of Triticale Abstracts. About 650 
maize scientists receive MOPA and about 400 scientists 
receive TA 

CIMMYT's general mailing list for publications now contains 
4600 addresses classified by interest: 25 percent wheat 
specialists, 25 percent maize specialists, 38 percent general 
agriculturalists and 12 percent libraries by language. half 
English and half Spanish; by geographic area: 8 percent
Europe, 42 percent Latin America, 25 percent North America. 8 
percent Africa, 27 percent Asia and Oceania. 

A separate mailing list is maintained for economics 
publications 

The permanent exhibit in the administration building 
continues to grow; new displays were added in 1977. The 
exhibit depicts CIMMYT's activities in increasing world food 
supply. The audiovisual section continued its support of the 
crop programs with art work, photography, and a film archive. 

In 1977 over 9,000 visitors from 60 countries were registered at 
CIMMYT headquarters, individually or in groups Many others 
visited CIMMYT research stations away from El Batan, where 
no records are kept A number of busloadsof visitors were sent 
to El Batan by agribusiness in the U.S. The Visitors Service 
gives these tour groups a slide lecture and brief walking tour of 
the headquarters 

CIMMYT's small working library (3360 volumes, 762 serials) 
continued to offer services to the headquarters staff, 
postdoctoral fellows, and 100 training fellows. There were 4600 
individual visits to the library in 1977. The library also serves as 
liaison with Mexico's National Agricultural Library (73,000 
volumes, 1,400 serials) which is located 10 kr from CIMMYT. 
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Special Report: 
Leaf Rust Epidemic in Mexico 1977 

severe epidemic of leaf rust (Puccinia recondita) affectedA 
commercial fields of the bread wheat variety Jupateco 73 in 

northwestern Mexico during the winter season 1976-1977. This 

was the first severe rust epidemic in Mexico since the 1950's, 
on control both for theand provided some lessons rust 

Government of Mexico and for CIMMYT 

Leaf rust is endemic in the Mexican northwest states where 

about 701o of the Mexican wheat crop is produced on 350,000 

hectares of irrigated land 
onIn most years first symptoms of teaf rust appear 

peak of thesusceptible varieties in early March and the 

infection is reached 4 to 5 weeks later, about the first week of 

April. Crop losses from leaf rust were slight during years 

preceding the 1977 epidemic 
In 1977 leaf rust appeared in January in Sonora State. 

CIMMYT pathologists were invited by the Mexican Ministry of 

Water Resources to participate in anAgriculture and 
emergency rust survey of the northwest. All commercial fields 

of the variety Jupateco 73 were found to be attacked by leaf 
the variety Torim 73, interspersedrust, whereas fields of 

among the fields of Jupateco. were resistant. Both Jupateco 73 

and Torim 73 are varieties bred by CIMMYT-INIA. 

Around Huatabampo, atown in Sonora State 50 kilometers 

south of Cd. Obregon, the infection on Jupateco 73 reached an 

infection rate of 70S over large planted areas (the rating 70S 

means that fungus covered 70% of the leaf area of the plant 

which it is possible to cover with susceptible pustules). Around 

Cd. Obregon and toward the coast, 20 kilometers from 

Obregon, the infection level varied according to the planting 

date of the crop. But invariably Jupateco 73 was infected. 

In the valley of El Carrizo, 200 kilometers south of Cd. 

Obregon, the infection was even worse, because of the earlier 
humid environment. The attack atplanting of wheat and more 

El Carrizo indicated that rust was widely present in December 

1976, and had increased massively on the early commercial 

crops. Leaf rust may cause 80-100 percent loss of yield when 

young plants are attacked before the boot stage. 
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The survey concluded that a series of interacting factors in 
1976-77 had caused the epidemic' 

(1) 70% of the wheat area wa. planted with a single variety, 
Jupateco 73. Since its release in 1973 Jupateco showed 
resistant reacztions in most plp.nts, segregating to rare plants 
which had susceptible reactions. Thus, virulent biotypes of the 
fungus were known to be present as early as 1973 and 
increased their prevalence 'n subsequent years. New races of a 
fungus do not "explode" from one season to the next, but build 
up gradually 

(2) Because water ir the nearby irrigation reservoirs was at 
a record low level in 1976-77 due to several years of drought, 
the cropping area in tha summer of 1976 had been reduced to a 
minimUm. Land preparation after the wheat harvest in the 
spring of 1976 was postponed or done poorly, and numerous 
volunteer wheat plants grew from residual moisture. These 
"wild" wheats carried active inoculum throughout the 1976 
summer within the commercial cropping area. 

(3) Farmers in Huatabampo and along the coast took 
advantage of the rains of hurricane Liza (September 1976) and 
planted wheat immediately. The gap between the wheat 
harvest in May 1976 and the normal recommended dates for 
planting (November 15 to December 15) was thus reduced by 
almost 2 months. These early plantings received inoculum 
from the volunteer plantsand developed severe rust symptoms 
at tillering. 

(4) Late plantings, up until January 20, 1977 were also 
common in the area as a consequence of problems in land 
tenure at the end of 1976. The potential damage of the 
epidemic increased with these late plantings, in view of the 
massive amounts of inoculum already present, and the 
heightened susceptibility of Jupateco 73 at tillering stage and 
earlier. 

(5) Mild temperatures and abundant moisture through the 
autumn of 1976 favored the production of several generations 
of infective spores. Thereafter inoculum increased rapidly on 
the early wheat plantings. 
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To minimize losses from leaf rust, the Agency for 

Agriculture in Cd. Obregon adopted several measures of 
control in 1977: 

(a) A prompt survey of farmers fields was made to assess 
the eylent of the epidemic and the stage of development of 
wheat plantings. 

(b) Fields with advanced rust at boot stage, or earlier, were 
plowed under and planted to safflower. Some 15,000 hectares 
of wheat were destroyed for this reason at Huatabarnpo. 

(c) In mid-February, fungicidal spraying of the epidemic 
area was carried out, with emphasis on protecting late 
plantings. Two fungicides were recommended in spite of the 
limited experimental evidence for their effectiveness in the 
northwest area: Indar 70LC and Bayleton 25WP. Both are 
systemic fungicides and offer some eradicative properties. 
They protect the plants up to approximately 40 and 25 days 
respectively. Indar is highly specific against leaf rust, and 
Bayleton controls a wider spectrum of pathogens including 
leaf rust. 

Some observations can be drawn from the results of this 
spray campaign: 

Farmers in El Carrizo, where no fungicides were applied, 
obtained low yields of 800 kg/ha or less of poorly filled grain. 

In Yaqui Valley the sprayed plots yielded over 5 tons/ha 
which is significantly higherthan the non-sprayed plots in 1977 
experiments performed on a semi-commercial scale. It was 
generally observed that protected younger crops offered 
higher yields than those which were planted earlier, hence 
were more advanced and more rusted atthetimeof spraying. 

Exact figures on grain saved as a result of the spraying 
campaign will be difficult to obtain due to the diverse dates of 
planting, but there is no doubt that systemic chemical 
fungicides were successful in controlling the epidemic of leaf 
rust. "Control" here means dirminished yield losses, not 
eradication of the disease. 

Looking ahead, measures other than fungicides were 
suggested to avoid repetition of the 1977 epidemic: timely 
plantings, control of volunteer wheats, intensive studieson the 
fungus virulence, ensuring availability of seed of new varieties, 
and some sort of legislation to restrict the planting of a single 
genotype. 

Santiago Fuentes 
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Impact of High Yielding Wheat Package 
in Less Developed CouIntr-as 
Durii the Crop Year 1976-77 
The U.S. Departnlent of AgIriculture is publishing in 1978 the sixth 

edilion of its widely quoted pub!ication, "Developmenlt and Spread of 
Higlh-Yielding Varieties of Wheat and Rice in the Less Developed 

Nations." This study is the work. of Dr. Dana G. Dalrymple, economic 

ieseaichei fui the U.S. Govmnient and longitime analyst of agi cultural 

Chan(es in d(tV.1fot)ln(jCuLlntlies. Dalhymple made available to CIMMYT 

the wheat data in his latest study, and CIMMYT is able to summariie 

lue some fiidingts based upon Daliymphe's woik, sul)h~lImented by 

I)le0viously publishe:d information conceining the shot t wheats. 

Word of caution: 

In his introduction Dalrymple asks the reader to treat the data on high 

yielding varieties as approximate, because not all the information 

is based upon the same definitions, or the same precise time period, 

or the same quality of crop reporting. The study, nevertheless, offers 

the most comprehensive data available, and provides a useful measure 

of the impact of the semi-dwarf grain varieties in one crop year: 

1976-77. 

How widely are the new wheats grown? 

Dalrymple received reports indicating that 29.4 million hectares of the 

HYV wheats were harvested in 24 developing countries in the crop 

year 1976-77 (July-June). Other developing countries are known to be 

planting HYV wheats but have been omitted from the summary for 

lack of firi information. The report also omits all communist 

countries, plus Taiwan and Isarel. 

The last previous edition of this study (1976) found 19.3 million 

hectares of HYV wheats in 15 countries in crop year 1974-75. The 

countries surveyed in 1976 and 1978 are not identical, hence the in­

creased spread of the short wheats from 19.3 million hectares (1976) to 

29.4 million hectares (1978) did not occur only in the two-year 

period. 

High-yielding varieties now cover 48 per cent of total wheat area 

in the 24 countries reported by Dalrymple. 

129 



Table 1. of high yielding wheat varieties grown in 24
Estimated area 

developing countries, 1976-77 (July-June). 

Region and country 

South Asia 
Bangladesh 
India 
Nepal 
Pakistan 
Sub-total, 4 countries 

Oicdlet 
Afghanistan 
Algeria 
Cyprus 

Egypt 

Iran 

Lebonon 

Morocco 

Saudi Arabia 

Tunisia 

Turkey 

Sub-total, 10 countries 

Tropical Africa 
Kenya 

Nigeria 

Rhodesia 

Sudan 

Sub-total, 4 countries 

Latin America
 
Argentina 

Brazil 

Chile 

Guatemala 

Mexico 
Peru 

Sub-total, 6countrii 

Total, 24 countries 

1976-77 
Percentage 
of hectares in 
HYV wheat 

73% 
72% 
73% 
75',
 
73% 

26% 
19% 
45% 
21%; 

3 
41% 
15%, 
59% 
22% 
15..
 
20% 

19% 
64% 
54% 
75% 
64% 

45% 
18% 
31% 
7311 
89% 
-..
 
43% 

48% 

I1) Hectares of HYV wheat from Dalry.tiple.Sources: 
(2) Total wheat hectares from USDA Circular FG 8-78. 

May 17, 1978. 
(3) Percentages extrapolated. 

Footnotes: 1/ 

2/ 

1976-77 
Hectares 
in HYV 
Wheat 1 

116,600 
14,696,000 

254.200 
4606000 


19,672.800 

770,000 
400,000 

29.000 
125,500 
150,000 
25,000 

300.000 
33,400 

228,400 
1,300,000 

4,400,0002 
(rounded) 

23,300 
3,200 

15,000 
150,500 

225.000 
(rounded) 

2,900,000 
650.000 
193,000 
35,000 

785,000 
1,000 


5,100,000 
(roundeJ) 

29,397,000 

1916.77 
Total 

Hectares 

in wheat 


160,000 
20.454.000 


348,000 

6.111,000 

27,073,000 

3,000,000 
2,150,000 

65,000 
586,000 

5,000,000 
60,000 

1.921,000 
57.000 

1,050,000 
8,600,000 


22,489,000 

120.000 
5,000 

28,000 
200.000 
353,000

2 

6,428,000 
3,624,000 

628,000 
48.000 

885,000 
140.000 

11,753,000
2 

61,668,000 

Although hectares of HYV wheat for crop year 1976.
 
77 are used when available, data from nearest availa.
 

able year are substituted when necessary.
 

Sub-totals for Mideast, Tropical Africa and Latin Ameti.
 

ca under column for HYV hectares were rounded by
 

author toadjust for uncertain data.
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Table 1 summarizes HYV wheat performance in 1976-77 as reported 
to Dalrymple. Seven nations are identified as now using HYV to 

plant more than 70 per cent of their total wheat crop; these are: 
Mexico 89 percent, Pakistan 75 percent, Sudan 75 percent, Bangladesh 
73 percent, Nepal 73 percent, Guatemala 73 percent, India 72 per­
cent. 

If comparison is made for greatest number of hectares, India and 
Pakistan lead the world with 14.7 and 4.6 million hectares, respectively. 

The 12-year adoption pattern: 

The year-by-year increase since 1965 of the HYV of wheat cannot be 

measured for all 24 countries. Data are not adequate. But such a 
record is complete for the four South Asian countries in the survey, 
and the Asian experience may be indicative for other countries. 

.Tabl 2 shows the 12-year adoption record for wheat in four Asian 
countries. The HYV continued to spread un a straight line projection 
more or less, through the first decade, then began to slow down. 

Table 2. Estimated spreading of high yielding wheats
 
in South Asia 1965-77, as a percengae of total wheat
 
in each country.
 

BLarisAd.20 nod1 _ .Nepal P_akst
 
Yea, 000 ha X,000 ha 000 ha 000 ha
O, 

6566 - 3 1 1 5
 
6667 -- 540 4 6 5 101 2
 
67.68 - 2942 20 24 13 957 16
 
6869 B 7 4792 30 53 26 2387 38
 
69-70 9 7 5004 30 75 34 16R1 43
 
7071 13 12 6512 36 98 43 3128 52
 
71.72 15 12 7658 41 115 52 3286 57
 
72-73 21 18 10007 51 170 66 3375 56
 
73-74 29 23 10911 57 206 76 3472 59 
74.75 33 23 11778 62 246 85 3682 62
 
15.76 108 71 13458 70 234 78 4016 69 
76.77 116 73 14698 72 254 75 4606 75 

Sources: 	Ill Hctales of HYV from Dalrymple.
 
12) Total hectats of whcat fhorn U.S. De­
pjrtmenlof Ajiculture
 
3) Per l ee entc,l:puIlaxitrd 
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What is average yield increase from the HYV package? 

Average yields of high yielding wheats showed their greatest increase 

wereover traditional wheats in the early years 
enteiprising 

of adoption, 
farmers 

when some 
in-
of 

the best land, best irrigation, and most 
to the new 

the proportion of tota; wheat land planted
volved. But as 


varieties increased, average yield increase declined.
 

package outproduced the 
in India the high-yieldingFor example, 


traditional varieties by 200 peicent during 1965-70 (roughly 2400 kg/lha
 

at the end of 2ight years, the increase 
800 kg/ha). Butcompared to the plantedstill declining as 
to 125 percent, and was

had dropped 

This was predictable.
area grew. 

that nationalPakistan concludedIndia andAnother study of both 
two countries between 

rose 50 percent in the 
average yields of wheat 

Thi; covered both HYV and traditional varieties. 
1966 and 1973. 

that high yielding wheats 
Dalrymple concluded

By 1974, Dr. Dana a across many countries, by
traditional wheats,were outproducing 

1.50 (that is, one hectare of HYV package was yielding 1.5 
factor of 

times the yield of traditional wheats). 

figure will be used later in this paper for calculating 
This conserva'ive 
impact. 

What is the impact of HYV wheat package? 

the process
this question it is necessary to restate 

Before answering 
that began with the use of the high 

of the agricultural revolution 

in the 1960's.
yielding cereals 

wheat varieties them­not only the 
Impact of a "package" involves 

the
practices which have accompanied

selves but the production 
were stimulated by 

varieties, and the improved national services which 

These factors will be examined here as a single impact. 
the varieties. 

new wheat varieties, it is now recognized, are more efficient in the 
The 

thus making it more profitable for the 
of water and fertilizer,use 

apply fertilizer and herbicide, or expand
install a tubewell orfarmer to 
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his hectares of wheat. Similarly it is more productive for a government
 
to provide 
a larger supply of agricultural chemicals or a support price 
for wheat. 

Therefore, let it be clear that the changes in wheat production, described
 
here, were achieved by 24 national wheat programs, suppoited by a
 
network of wheat scientists, world-wide, 
in which CIMMYT played a
 
part, but only one part.
 

Conceived in this manner, the impact of the high yielding wheat package 
can be measured in several ways, none of them very precise. 

Measuring impact. 

(1) The 24 developing countries in the Dalrymple study increased
 
their annual wheat production from 45 to 86 million metric tons during

the period covered by the Dalrymple study (see Table 3). This calcula­
tion uses 1961-65 average annual 
 wheat production in 24 countries
 
as the base 
 period, and the year 1976-77 as the terminal year. In
 
other words, annual wheat production in the 24 countries had increased
 
by 41 million metric tons at the end of the period. 

(2) The 41 million tons of wheat could provide the carbohydrates for a 
diet to feed 250 million people in developing countries for one year.

The calculation is based 
on three premises: (a) that a kilogram of wheat 
contains 3300 calories; (b) that people in developing countries now 
consume 2200 calories per day; and (c)two-thirds of this average diet, 
or about 1500 calories, consists of cereals or tubers. 

(3) Not all the 41 million tons of added wheat can be attributed to 
the HYV package. We lack precise harvest data on the HYV package, 
but there are several methods by which we can approximate the produc­
tion. 

(a) First, we can use land areas planted in wheat. Table 1 shows
 
48 percent of wheat in the 24 countries in 1976-77 was planted with
 
the HYV package, at least 48 percent 
of the harvest is attributable
 
to the HYV package (48 percent 
of 41 million tons= 19.9 million
 
tons). That is a very conservative estimate, because it 
assumes that 
the yield per hectare of the HYV package and the traditional package
 
wele the same.
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Table 3. -A Wheat peiformance in 24 developing countries which 

mtioduc~d the hiqjh-Yildin wheat package during the twelve years 

196577. . 

AH -ma-e -Gofi -firutYd-,his ( L. 

61-65 76.77 lInctase6165 78-77 Icease 6165 76.77 Inccase 

Region & Country (Ae), lAser.) (Aser,) 

SouthAia 
tLnglaJesh 
India 

60 
13402 

160 
20.464 

GC6 1.630 
835 1,410 

37 260 
11.191 28.846 

Nepal 

Pak'arxn 

10 
-L9841I 

348 
6 1q11+ 

1,236 1,040
833 

1351!42.0 362A4dL9690. 

Subtotatl -18,555 27,073 46% 839 1,410 68"; 15.516 38,158 148T 
" 

Midat" 

Aighamslan
Algeria 

2,321
1,971 

3000
2 150 

951
636 

980 
930 

2,202
1.254 

2,940
2,000 

'Als~ 

CyPros 
E 
iar 
Lebanon, 
Mooco 
Saud Arabia 

89 
557 

3,580 
68 

1,578 
94100 

65 
56 

5000 
60 

1,921 
571 Oslo 

908 1000. 
2,621 3.360 

802 1,100 

939 670 

847 1.1.10 
1,528 3,600494 810 

13 
1,459 
2.873 

64. 
1,336 

1439 

65 
1,970 
5,500 

40 
2,135 
205as 

&b-lotll 19.199 22,489 17. 962 1.276 33'. 18.494 28,705 55' 

TopicalAil-r,
KTnaAl 103 120 1,183 1,500 127 180 

Nrqeria 

Sudan 

6 
I 

27 

5 
28 
20 

2.690 
2.170 
1,30 

1,400 
3,040 
151 

16 
2 

36 

7 
IfS 

301 

Sub tott 137 353 158'+ 1.284 1.6? 29. 176 573 226 -

Latin A"nrica 
A,,4tia 
Bazil 

4.9)16 6.428 
812 3,824 

1.534 1,710
707 830 7,541 11.000574 3.000 

752 828 1.437 1.940 1.082 1,219 

Guate-
Mirico 

a 35 
802 

48 
885 

879 900 
2,085 3,790 

31 
1.672 

43 
3,350 

-

P" -u 153 1I40 1982 ,D6 1-5 -)148 

Sub toal - 7.471 11,753 - 57% 1,479 1,59-0 6: 11.050 18.760 71% 

Total, 24 criuntrts .45,362 61,668 37A. 968 1,396 44', 45,216 86,196 91" 

Sirtice. Il A:ea aridprodu ton for 196165 from FAO Pirlutrlon Vearbook, 

12' Ane arl pirducfon tor 1976-77 crop year fJutJune1mmU S Depalmint 

culture. Forogr Agriculturl Circufar FG 8-78r May 17. 1978 
l Aq.- ' 
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(b) A second method compares countries which used the HYV 
packag1e and those that did not. For this test we chose six 
developing countries each of which grew an average of 800,000
 
tIctarC:, o f wheat in 1976-77, and 
 did not report significant use
 
of i ,I IYV arackagle. These six countries increased their wheat
 
Irtodu(t orn by 35 percent between 1961.65 (base line) and 1976-77
 

vi:i a,'Ss-lehv'li Vy W, that the same 35 percent improvement could 
I v, oi:i.tJ r (t iII Dahympte's 24 countries in the absence of the
 
IYV vi,:kaj,. Thtu.lefore we attribute the other 65 percent of
 

wh.,1t i ni [)overneint to the HYV package. That equals 26.7 million
 
PinS ur 'so,IIrutabht to the HYV package ior the test year. 

Th,,,P oprch ,% (a) anid i)), give diffe ent answers of ascending
 
niritrlodl' 19 9 millton and 26.7 million tons of wheat. 
 Both answers 
a't, iqhly relotabl, to the HYV package. The average of the answers 
,:.
A,0LIt 23.3 milion tons. 

How much is the increased wheat worth? 

If tlh, 24 dI'.,lopinq conntries had imported the additional wheat 
ri',O',,i(if It with the high yielding package, they would haveo)tdLjC;rrg 

.!Iti'J delut USS3.3 hillions in foetign exchange on adrhtional grain
 
ori! I'rn th ',rmih' ylear 1976-77. This calculation is hased on a price of
 

.1,46 , t,, th,. ,!rVernd~plice of U.S. and Canadian wheats moving In in­
t:I.itt ril,:l Iiid, CI F Anistedam, during 1976-77. 

Ili,, t of USS3.3 hillion :s not, of course, a net saving. The 
fe m,Is in ths'Se 24 countries incurled expenMse for seed, fertilizer and 
rnchI . y ,irididded their own labor. Nevertheless, the net savings to 
tn,: 24 co.untlris o)bviously ins to l ildieds of millions of dollars per 

What about the future? 

T11' rLonilj'I of fuute adopters for HYV will slow down in India
 

and PAi'oiii and ainy COLIFtiy whee HYV are already planted on
 
50 90 pn :r'it if total wheat land This does not mean a slowdown
 
of lurrfits h1wi the hri(h-,yihdirig package. Benefits wil! not only
 
C0rrrtirM!Jir fIt t)Iaiahly grow
 

Takt Mexico fi.i ixiniple. Ti1e planting of HYV of wheat in Mexico
 
iCIreased t1n 90 tierIWcrCrt (rf t)tal wheat arid ill the 1960s and remain­

ed 11 about 90 pelcent un ilI tie 1970s. Yet Mexico's average 
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yield of wheat per hectare continued to climb in the 1970s as better 

varieties, better production practices (especially more fertilizer), and 

better government services were introduced in the 1970s. Here is 
how the Mexican yields of wheat appear in the FAO Production 
Yearbook: 

Average Yields in Mexico 

1961-65 2085 kg/ha 

1966-70 2683 
1971-75 3246 
1976 4202
 

Mexico doubled its average wheat yield in the 1970s, after already 

doubling its average yield in the 1960s. Clearly, when a country 

adopts its first generation of HYV wheat, the process of rising yield 
is only beginning. It is the aim of each national wheat program and 

the network of wheat scientists world-wide to ensure that the 

benefits continue to mount. 
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1977 CIMMYT INCOME AND EXPENDITURES
 
(Except from CIMMYT Auditors Report 1977)
 

Thousand US$
Core unrestricted Income. ............ 
 8,568 
Canadian lrterrrat anal Deverlopment Aiency . 1,048
 
Denmark .
 . . • 179
 
Federal Republic of Germany 
 ..... 437 
Ford Foundation 350
Inter Arnican Develhpment Bank 2,620 
International Bank lror Reconstructnarnti Development 150 
Iran . . , •350Rockei HierFouatir,n ....... 400
 
Saudi Arabia .
 . • • . 150
 
United Kurfrorn 
 . ..... 284
 
US. Agency for hrtrrnatiu fl Development ...... 2,600
 

Core restricted income. ...... ............. 
 2,734
Canadian Internattional Development Agency 533 

Andean ferpon and East Afr rcj
 
Federal Repubic of Grnany 
 ....... 36
 

Collahorativ, Resar ch
 
Japan 
 . . . . ... 150 

Wheat Patholoyr
 
Nether Ianis 
 ... ......... .
 219 

Wheat Disease Stirveillance
 
Switzerlarnd 
 .. . . 154
 

Central Americr an Cainlrhean Maize
 

UN. Development Programme 1........1490
 
Quality Protein Maize and East Africa Economcs
 

Urnexperried tralance, fron prifvious year 
 .... 152 

Extra core grants and cooperating projects income . . . . 1,304 
Cinadiarr International Derelopment Agency 18 

Peru 

Fedral RepJblic of Grimiiv 79 
Tiaining and other
 

Ford Foundation.ti 
 330 
Projects in NotIh Afica. Pak.stan and miscellaneous 

trarnirni
 
Inter Arnerc,rn Develiolment Bank - Training ....
. 40
 
Irternational Developmentl Risiarch Centie 
 .. 42
 

Triticale Abstiacts and ICRIISAT Srghumrn Project
 
International Potato Center . . . .. . 69
 

Regional Re'search
 
Norwegiran Agency for Ihtenlational Development 
 .... 29 

Training
 
Rockefeller Foundation Turkey 
 8 
U.S Agency for h'trrational Development ...... 441 

Proiects in Nepal, Pakistan, Guatemala, Tarzania, 
Zaire anu miscellaneous trar irrlr 

Zaine Goverrment ..... 151 
Natioral Maie Prrject 

Trainirg and other nisellanous gr astS ....... 
 78 
UneefurIniedl balance fron rewous year ....... 19
Earned Income (noticlluded elewhere) 100 
Total income 12,706 
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Thousand US$ 
.... ............ 10,027
 

Wheat Program ....... ............... 2,204
 
Maize Program ........ ............... 1,995
 

Core operating expenses 

Economics ..... ................. 336
 

Laboratory services ... ............. .. 381
 

Experiment station operations ... .......... 1,053
 

. .............. 134
 

Conferences and Training .... ............ . 1,149
 
Information services ... .............. 386
 

Administration ..... ............... 1,020
 

General operations .... .............. 1,059
 

Capital acquisitions .. .............. 267
 

TAC review .................. 


Statistical services ..... 

43 

Extra core grant and cooperating project expenses .... 1,148 

Additions to working capital and reserves... ....... 462
 

TOTAL APPLICATION OF FUNDS, 1977 ........ .11,637
 

Funds to be applied to 1978 core restricted expenses . . . 18 

Other funds retained for future application ....... .1,051
 

TOTAL APPLICATION OF FUNDS .. ........ .12,706
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Location and elevations of experiment stations in Mexico at 

which CIMMYT conducts research (11stations of the Instituto 

Nacionai de (nvestigaciones Agricolas). 

106'12" -
° 104, Q00" 96. 92 

° 

! I 
', 

32' 

Cd Obregon 39mn 
28' 

24 Los Momns 40m 
m-Rio Bravo 30m 

24' 

2*Pazo Rico 60m20 

Toluca 2640m 

- 18' 

Ttollizapdri 

04' 

940 m. 

OO 96' 92 68 
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