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DIRECTOR GENERAL's INTRODUCTION 

CIMMYT Review 1980 is intended to provide highlights of CIMMYT 
program activities during 1979 for the inform.-d laymen, It iscomplemenTed 
by two technical annual reports (maize and wheat), more than a dozen in
ternational testing annual reports, and various other information bulletins 
published by CIMMYT each year. 

In addition, a specire CIMIViYT planning report has been published 
describing projected re.%,arch priorities and program activities during the 
period 1981-86. 

During 1979, the wheat program leadership changed for the first time. 
Norman Borlaug, who guided and inspired the wheat staff since CIMMYT's 
inception, has now become a consultant to the program. His contributions 
to the agricultural sciences and to mankind are so widely known and ac
knowledged that they need no explanation here. 

Dr. R. Glenn Anderson has been in charge of directing the wheat 
program staff since July 1979. To assist in providing program direction, a 
scientist from within the program who understood- and had contributed 
to CIMMYT's program development was chosen as the Associate Director. 
Dr. Arthur Klatt assumed these responsibilities in 197E. He is young, energetic 
and has done outstanding work in his CIMMYT assignments beginning in 
1968, first at base in Mexico, later in Turkey with the national wheat program. 
and most recently in the Andean regional program. His array of experiences 
will serve CIMMYT well. 

1979 marked the end of Phase Ill of the C!MMYT/UNDP maize protein 
quality improvement project. Remarkable progress has been achieved in this 
research effort and UNDP has agreed to support the program for anothur five 
years 

The process of developing regional programs continued during 1979. 
The mideast regional maize program was established with a CIMMYT scientist 
based in Turkey. Regional wheat programs in the Mediterranean and Mideast 
and East Africa were strengthe,'ed through the arrival of two Dutch associates, 
on loan from the Government oi the Netherlands. Two postdoctoral fellows 
also joined regional economics programs in the Andean region and East 
Africa. During the 1980s, a growing responsibility of these regional staff will 
be to help strengthen the production research activities of collaborating 
Institutes throughout the developing world. 

R. D. Hamner 
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INTRODUCTION TO MAIZE PROGRAM 

World 1980 crop production estimates made by the 
United States Department of Agriculture place maize in 
first place in terms of total world crop production. About 50 
per cent of this maize is grown in the USA, and on a global 
basis, 65 to 70 per cent goes for livestock and poultry feed. 
This total production level, however, does reflect the pro
duction potential of maize as a global food source in the 
years ahead. 

To date, vast differences exist between the yields of 
maize planted on the well-watered plains of North America 
and Europe and yields obtained in most developing countries. 
Tropical maize isunlike the grain-efficient types found in the 
temperate areas. While an efficient producer of dry matter, 
the partitioning to grain and stover in tropical maize is 
inefficient from the point of view of grain production.

Research at CIMMYT, howe~er, shows that the parti
tioning of tropical maize can be altered more toward the 1:1 
grrin-to-stover ratio of the more productive temperate types. 
For the future, Improvements in tropical maize materials for 
greater grain efficiency, disei'i, and insect wsistance and 
better agronomic characteristics hold tremendous promise for 
substantial increases in cereal yields in tis developing world. 

In the pages which follow, the highlights of CIMMYT's 
maize program activities in 1979 are presented. In brief, we 
can report continued progress toward making maize a more 
productive and do-)endable crop for developing country 
growing conditions. 

E.W. Spragu. 



MAIZE SUMMARY 

Back-up unit 
Systematic evaluations of some of th, i3,MO0 collations in the 

maize germ plasm bank continued in 1970. Superior matirials were 
added to the appropriate gene pools. Fi'ty.five samples of seed from 
the bank were also sent to collaborating riai.e scientists wto requested 
specific types of germ plasm. 

Gene pools formed to serve di. iren ecological zones, grain type 
preferences and maturity characteristics cootinued to be improved for 
yield, maturity and disease and insect resistance. 

Preliminary evaluation trials of mater;als not already in the 
International testing program were conducted in 1979 at a range of 
worldwide testing sites to identify potential areas of adaptation. Pools 
to serve highland areas were reorganized to better meet the gtvm plasm 
needs in this area. Work on new temperate x tropical pools continued. 

Advanced unit 
The progeny from half of the advanced unit populations (in 1979 

that meant 13 populations out of 26) were distributed for international 
testing. The best entries from this testlrj program vill be used to form 
future experimental varieties. Trials we a conducted in Mexico in 1978 
and 1979 to determine the progress -hleved in improving CIMMYT's 
advanced materials. Progress is evident in developing greater disease and 
insect resistance in these high-yielding materials. The results of these 
trials confirm the effectiveness of the CIMMYT breeding system put 
into effect in 1974. 

Eighty-four countries requested experimental trials in 1979. A 
sampling of data returning from these trials shows the bieadth of 
superior materials that are emmanating from the collaborative Interna
tioial maize testing program. An increasing number of countries are 
making requests to CIMMYT for additional seed with the Intention of 
local seed multiplication and demonstrations on farmers' fields. 

Ouality protein improvement 
Data from 1978-79 on the best quality protein materiais show 

that the yield performance of these types are at apar with their normal 
c',ounterparts in the CIMMYT improvement program, and yet have 
added protein quality as aplus. 

Collaborative research on disease resistance 
Collaborative research on three major diseases-downy mildew, 

streak virus and corn stunt-continues. In 1979, the superior families 
with resistance to downy mildew and corn stunt were internationailly 
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tested for the first time. The results indicate that good progress has 
been made toward increasing the genetic resistance of maize to these 
diseases. 

Special research activities in Mexico 
Progress continues to be made on improving the grain efficiency 

of tropical maize. A special project on techniques to develop greater 
drought tolerance is showing promise. Research also continues on 
developing earlier maturity characters in high-yielding tropical malle 
types and in broadening the adaptation of maize germ plasm. 

Wide crosses 
Work continues on wide crosses between maize and sorghum, and 

maize and Tripsacum: the aim isto transfer to maize potentially useful 
genes from alien genera to make maize more environmentally stable. A 
few intergeneric hybrids were produced in 1979. 

Maize training 
Seventy-two trainees from 26 countries received in-service train

ing in Mexico in 1979. Many other categories of personnel were also 
involved in CIMMYT-assisted training upportunities including 10 
master's degree candidates and 5 predoctoral and postdoctoral fellows. 

Maize cooperative projects outride Mexico 
Seven CIMMYT staff were assigned to national maize programs in 

1979. An additional seven scientists were posted to regional programs 
in Asia, Africa and Latin America. Considerable emphasis in all these 
programs isbeing given to production agronomy research. 

13 



BACK-UP UNIT 

CIMMYT's maize program is designed for a multidisci
plinary focus on awide range of problems that have restricted 
maize production in the developing world. The population
Improvement strategy followed by CIMMYT begins in the
"Back-Up Unit," which is charged with the first stages of im
provement for different types of maize germ plasm. " 
Back-Up Unit evaluates maize materials from around the
world (new introductions), maintains a working germ plasm
bank, and creates and improves gene pools constituted on the
basis of climatic adaptation, grain type, maturity characters,
and grain colors and textures. Each year, superior introduc
tions and bank accessions are systematically evaluated and
added to the corresponding gene pools. Superior germ plasm
in these gene pools is identified and transferred to the cor
responding advanced populations which have reached a
sufficient level of improvement for distribution to national 
collaborators. 

GERM PLASU1 BANK 

At the end of 1979, the maize germ plasm bank held 
over 13,000 collections of maize, which represent the vast 
amount of genetic variation found within the species inthe Americas and other parts of the world. The germ plasm
bank unit conserves, regenerates, tests and catalogs the
different collections of maize (and related species) for use by
CIMMYT and other interested organizations. 

Regeneration of collections 
Seed is frequently removed from the bank for use by

CIMMYT and other collaborators. When the amount of seed
in storage of any collection falls below 500 g it must be
regenerated. In 1979, 224 accessions from tropical and 
temperate areas were planted to regenerate the bank's seed 
supply. 

Shipments to collaborators 
CIMMYT offers on request free samples of seed from

the bank to all reseerch organizations. In 1979, 55 seed 
requests were filled from more than 20 countries. Over 700 
different samples were sent. 
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INTRODUCTION NURSERIES 

During 1979, about 1,000 new introductions from tropi

cal lowland, subtropical-temperate and tropical highland areas 
new introductions were were evaluated in Mexico. These 


evaluated for agronomic attributes including maturity, height,
 

yield potential and reaction to certain diseases and insects.
 

were added to the appropriate geneThe superior materi.!s 
pools. 

Improvement of pools 
CIMMYT hm developed 27 ditferent gene pools for 

three broad ecological zones with sub-categories for grain 

types and maturity characters (see table 1). At present there 

pools for tropical lowland zones, for subtropicalare gene 

temperate areas, and for tropical highland regions.
 

The evaluation of maize materials sent to CIMMYT by national collaborators 

Is part of a continuing strategy to broaden the genetic base of maize grown In the
 

tropics and subtropics. After testing in Mexico, the best entries from these Intro

duction nurseries are added each year to the corresponding back-up unit gene pools.
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CIWL. Asto.limatic characteristics cooldered Inclaeifying maize 
ene pools. 

&*'otio. and 
" rity NOW. 

() Latitude Temperature 
Days to 
uliking 

Tropicl lowland 
eerly 
medium 
late 

0.1600 
0-1600 
0-1800 

.30 0 N-S 
0-30°N-S 
0-30ON-S 

26-280 C 
25-280 C 
25-280 C 

Up to 50 
50-59 
60 and 
more 

Tropical highland 
early 1600 0-30ON.S 15-17 0C Upto70 
medium 1600 + 0-30°NS 15-17 0 C 70-94 
late 1600 + 0-30oN-S 15-17 0C 91-120 

Temperete-ubtropical 
early 0-1600 30-40°N-S 20-22C'C Up to 60 
medium 0-1600 30-40°N-S 20-220 C 60.75 

Moen of main growing season. 

All gene pools were improved in 1979 using the half-sib 
selection method (half-brother or half-sister) as modified by 
CIMMYT. These pools are grown twice a year in Mexico at 
several locations. The seed of the best ears from the best 
plants of superior families in each pool are used to form the 
next Improvement cycle of the pool. 

Improving insect and disease resistance in pools 
Each of CIMMYT'r 27 maize gone pools is being im

proved for resistance to the principal disease and insect 
problems encountered in the area it is to serve (e.g. borers, 
fall armyworms, ear rots and stalk rots). 

Scientists inoculate different pools with disease-causing 
organisms or infest them with insect larvae according to the 
principal disease and insect problems threatening each pool. 
The seed of superior plants in the families tested each cycle 
are retained for the following cycle. In 1980 this procedure is 
being applied to eight tropical lowland pools, three temperate 
subtropical pools and three highland pools. 

All pools which had completed three cycles or inocula
tions or infestions by the end of 1979 will be tested in 1980 
to determine the progress achieved in developing greater 
disease and/or insect resistance. 



Progress in improving pools 
In 1979, all tropical and subtropical pools were evaluated 

to determine the progress made over recent cycles in the traits 

undergoing improvement. 
Considerable progress has been made in increasing yield 

and reducing height and maturity in all the pools. In those 

pools which have undergone nine cycles of improvement, the 

latter cycles yieided 16 per cent more, were nearly 3 days 

earlier and 20cm shorter than in the initial cycle. 

Preliminary Evaluation Trials (PETs) 
Three PETs were conducted during 1979, primarily to 

evaluate the performance of materials not already part of the 
maize testing program. The PETs were separatedinternational 

(early lowland tropicalby the type of materials evaluated 

materials, medium-to-late lowland tropical materials, and sub

tropical temperate materials). The trials were conducted in
 

19 countries at 58 sites. The evaluation of these PETs in
 

various national programs helps to identify potential areas of
 

adaptation as well as problems which should receive priority
 

in germ plasm improvement.
 

Promotion of materials to the Advanced Unit 
In CIMMYT's maize improvement system, the superior
 

portions of gene pools are either transferred to corresponding
 
are used to form new populations,
advanced populations or 

In 1979, 760 half-sib families were promoted to the various 

advanced populations. In addition, 791 half-sib families were 

used to form three new advanced populations. 

Reorganization of highland pools 
A major portion of the world's tropical highland maize
 

is grown in the Andean countries of South America. Here,
 
is the floury type with large, soft
the predominant maize 

maturity. Earlier,kernels. These types are usually late in 

high-yielding types could increase the flexibility in cropping
 

patterns and reduce the yield losses due to frost and ear rots.
 

In the rest of the highland tropical world, the preferred maize
 

types have flint and dent kernels.
 
To better serve the maize preferences of highland
 

tropical areas, CIMMYT's highland pools were reorganized in
 

new floury gene pools and three hard endosperm
1979. Four 
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CIMMYT's highland gene pools were reorganized in 1979 to better serve 
the maize prefeiences of highland tropical areas. These highland pools are being 
Improved in collaboration with scientists from the Andean region, particularly 
Ecuador.
 

gene pools were formed. As the need arises, additional high
land gene pools may also be formed. 

These highland gene pools are being improved in col 
laboration with the national maize program of Ecuador, where 
a CIMMYT scientist is stationed. The pools are grown once a 
year in Mexico at our El Batan and Toluca stations, where 
they also are being improved for resistance to ear rots and ear
worms, two important production problems in Andean maize. 
Using a shuttle breeding approach alternating between Mexico 
and Ecuador, two cycles of improvement are being carried 
out. each year in the earlier pools. The growinq cycle of the 
later maturity pools is too long to permit two improvement 
cycles each year; consequently they are grown ooly once a 
year. 



New temperate x tropical gene pools 
Historically, temperate and tropical ge:'m plasm have 

not been intermixed. This has resulted in a narrowing of the 
genetic base of both types. 

In 1978, CIMMYT began to assemble three new gene
pools in cooperation with maize scientists from the USA and 
Europe. These new broad-based pools have Lieen formed 
according to their adaptation to (1) th,) extreme nor~hgrn 
range of the temperate region, (2) tho southern temperate 
range and (3) the intermediate belt of the temperate region.
The objective of these pools is to introduce exotic germ plasm 
Into temperate base materials, which in turn will serve as a 
mechanism to move genes from the temperate region materials 
into tropical and highland germ plasm. 

During 1979, the pools were grown in Mexico. Once 
they are thoroughly recombined, the pcols will be distributed 
for widespread multilocational testing and selection with 
the aim of broadening their adaptation. 

CIMMYT also is collaborating with scientists at the 
University of Hohenheim, Germany, in the development of 
an exotic maize gane pool. This pool isevaluated each year in 
the summer cycle in various countries of Europe and at 
several sites in Mexico. Some of the materials in this pool are 
showing greater earliness and added cold tolerance. 

ADVANCED UNIT 

The Advanced Unit Is comprised of an Interdisciplinary 
team who engage in population improvement and International 
testing. A variety of different populations, corresponding to 
the pools mentioned previously, have been assembled on the 
basis of climatic adaptation (tropical, subtropical, temper
ate), maturity period (early, initermediate, late), grain color 
(white, yellow), and kernel type (flint, dent). Variable 
relative weights are given to the different traits needing 
improvement according to the geographic areas each popu
lation is meant to serve. In one population, greater disease 
and insect resistance may receive first priority. In another, 
greater earliness or better husk cover may be given the 
highest priority. Multilocational testing, followed by re
combination of superior materials, was specifically designed 
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CIM. ,VT's Advanced Unit is responsible for the refinement and handling
of those maize materials which are ready for international testing. These improved
materials are shorter in height, more uniform, mature earlier and are agronomically 
superior in general. 

for continuous improvement in the adaptability and yield
dependability of these maize populations, as well as for 
identification of superior germ plasm for use by national 
collaborators. 

Within the total maize improvement process-from raw 
germ plasm to commercial varieties-the Advanced Unit con
centrates on population improvement and three phases of
international testing: progeny trials, experimental var
iety trials and elite experimental variety trials. 

These activities are designed to: (1) serve national pro. 
grams that are characterized by different levels of capacity
and (2) to combine into one mechanism a system for contin
uous improvement of maize germ plasm as well as a delivery 
system for impruved germ plasm to and from national 
programs. 

Each year CIMMYT selects the best progenies from half 
Its advanced maize populations (in 1979 that meant 13 
populations out of 26). These trials are sent to six locations 
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worldwide, selected as representative sites tur the particular 
population in question. 

For esch population, a collaboiaor receives seed of 
250 progenies from a single advan<,d jopulation, which he 
grows in comparison with six checks, which should be the 
best locally available commercial varieties or hyhrids. From 
this trial the collaborator chooses the 10 best progenies on 
the basis of yield, plant height, maturity, resistance to 
diseases and insects, and standability. 

When CIMMYT receives a collaborator's report listing 
the 10 best entries at his testing location, the breeders in 
Mexico create an experimental varietV-using remnant seed
intercrossing the 10 progenies in all possible combina
tions. The seed of these crosses is then bulked to produce an 
experimental variety identified by the year and site where the 
progeny trial was conducted (e.g. Suwan 7539). Each exper
imental variety will be tested the following year at 30 to 40 
sites worldwide. 

The reported data from all sites growing a particular 
experimental variety trial are used to identify the best per
forming varieties across all locations, which then are used 
to form an elite experimental variety trial for widespread 
testing the following year. 

Evaluating population improvement ini Mexico 
Thirteen populations which had k'ompleted two or three 

cyclei of improvement were tested in 978 and again in 1979 
,o 'jt a measure of the breeding progr 3ss accomplished. The 
results of this special trial showed an overall improvement for 
all pcpulations and a significant yield increase over two or 
three cycles of improvement for six populations. In four 
populations, the average maturity also was reduced signifi
cantly. A general decrease in plant height was also observed. 

The results of these trials confirm the effectiveness of 
the full-sib (full brother-full sister) breeding system used hy 
the Advanced Unit since 1974. 

DISEASE AND INSECT RESISTANCE 

CIMMYT's entomologists and pathologists work as a 
part of the interdisciplinary maize team to develop materials 
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with resistance to diseases and insects. They evaluate and 
select for resistance in raw germ plasm, ;n back-up gene pools 
and in advanced populations in Mexico. They produce 
disease-causing inoculum and rear insects in the laboratory 
and apply these destructive agents, usipg uniform application 
procedures, to thousands of maize plants each year to select 
for resistant plants. 

For disease resistance, the pools and populations are 
Inoculat J with stalk and ear-rotting organisms. At harvest 
time, each family is scored for disease damage, and progenies 
with the least damage are retained for future recombinations. 

I.7 

The development of maite materials which suffer less dame because of 

pests is central to CIMMYT's improvement strategies. Here, staff are preparing to 

inoculate plants with stalk rottingorganisms to identify genetic sources of resistance 

to this production problem. 
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For insect resistance, selected pools and populations 
in Mexico with larvae of fall armyworms, ear

are infested are the most
and several classes of borers. These worms, arepests in the western hemisphere and

important maize 
related to species causing serious problems on other continents. 

At appropriate intervals after infestation, visual ratings for 
e ich family. Progenies showing

insect damage are rmio fc,: 
retained for recombination and future

the least damage are 
selection cycles. 

INTERNATIONAL TESTING 

In 1979, CIMMYT shipped 615 sets of maize trials for
 
in 84 countries. These shipments


testing by collaborators 
trials for testing in 28 countries; 62 

Included 76 progeny 
quality protein maize population trials for testing in 40 

countries; 244 experimental variety trials for testing in 83
 

countries; and 233 elite experimental variety trials for testing
 

in 79 countries.
 
By the end of 1979, results from about 32 per cent of
 

these trials had arrived in Mexico. Therefore, the report on
 

international testing which follows will be based upon 1978, 

since the final reports are available for that year. 

International Progeny Testing Trials (IPTTs) 
The superior progenies from the populations tested in
 

experimental varieties.

1978 were selected to form 37 new 

names of the sites/locations where
These varieties carry the 

the IPTTs were originally tested. Forty-five per cent of the
 

site-specific progeny selections for experimental variety devel

opment had mean yields superior to any of the six checks
 

included by national collaborators in each IPTT trial.
 

Experimental Variety Trials (EVTs) 
different EVTs were assembled, and 295

In 1978, seven 
requested by national collaborators. Some of the 

sets were 

best-performing experimental varieties in each of these EVTs
 

are compared in table 2 to the best checks at individual sites
 
One quality proter


where the particular trial was grown. 
15), also wu

maize trial, consisting of 23 varieties (EVT 

included. 
23 
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UMJ 0mpioof detm frm hwooemI wake
experlmnl vwariety trish, 197e. 

173 Nme Sofp Yi of
IVY aapeiffle Yie1d top EV ale 

numbw vairety (IV) (klhe Of WilAMk 

W04 America
11lolav (Santa Cruz) 148 San Andres 7632(2) 3482 
ato Rica 

(Los Olamantes) 12 Across 7643 5968 126 
Dominican Republic
(ISCristoba) 13 Poz Rice 7728 4579 138 

Meilco (Tialtizlpan) 16 Call 7642(2) 8254 138 
Peru (Plu*) 13 TI:Otimt"m 7736 4962 140 

Afria and Mideut 
Efypt (El Gornmelt) 12 Acros 7644 5645 127 
Ethicopla (Alomuya) 17 8aton 7660 5133 157 
Laltho (Thab asks 16 Obtegon 7748 3420 127 
Iridl Arabia ii4ofuf1 13 Pots Rica 77211 4844 148 
len49ai 1 Otxvion 7736 4352 127 
Zaire (Garoljika) 12 Across 7643 7127 144 

Aaia 
Durina (Yseln) 14A Santa lbosa 7024ZI) 31U4 189 
NPlS (Rempnju 148 larga 7530 4030 192 
Pakistan (Plirsak) 15 Tocumen 7839 4386 120 
Philippines (Karen) 13 Chuquisaca 7728 3474 176 

Elite Experimental Variety Trials (ELVTs) 
The best performing experimental varieties across all 

locations are selected to form subsequent elite variety trials. 
In 1978, three E LVTs were assembled, and 206 sets were re
quested by national collabotators One quality protein maize 
trial, consistiiq of five elite virieities (E LVT 19). also was 
included. 

In well ove-i h,,)f (ifther tostinij lOcttlOil. otur L(jlhaborators
reported that Al txlt ,elite, vdrieties IiLtideId oil the trials 
OUtperformed the best LhLks it Itidhvidwjl tri'j Iocatiors 

Requests for seed incroase 
Thirty ninti atronal ni:f, u(trtmls askeul CIMMYT 

for supplemental wei ii 1979. with ftmt iortn t, icrease 
the seed for demoiistiations oft farmers' fields. Such a step 

24 



often precedes ielease of a new variety. In 1979, the requests 

came from: 
Latin America and the Caribbean, 19 countries.
 
Mediterranean and Mideast, 3 countries.
 
Africa south of the Sahara, 8 countries.
 
South and Southeast Asia, 9 countries.
 

1980 international trials 
distribution of international trials inThe tentative 

1980 includes 816 individual trials in 85 cooperating countries.
 
involves virtually all developing
nowThis testing network 


countries in which maize isan important crop.
 

Dtb on of international maize trials 1977-80 
1901977 1978 1979 
trials*trials trials trialsRegion and Nation 229

'CintlrlAmerican and Caribbean 176 
1 

194 
0 

13 
0 0

Antigua 2 2 4 1
Bahamas 20 0 3Barbados 6 4 6 6Belze 1711 14 12
Costs Rice 0 00 4Domlnlca 4 115 3Dominican Republic 161 12 10El Salvador 1 11 1Grenada 
 15 2012 16Guatemala 10 1710 12Haiti 2312 20 14
Honduras 9 13 12 9
Jamaica 

74 59 62 61 
Mexico 8 1 16 10 
Nicaragua 2510 19 16Panama 10 0 1
St. Kltts 0 1 1 8 
St. Vincent 6 87 2Trinidad 92 124 106 125

South America 
a 6 10 12 

Argentina 1313 31 11
Bolivia 28 3536 30Brazil 5 62 2Chile 10 812 15Columbia 14
10 10 

Ecuador 
 40 2 4
French Guiana 

3 4 0 0
Guyana 249 17 13
Peru 1 2 4Surinam 5 43 5Venezuela 

* Tentative 25 
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QUALITY PROTEIN IMPROVEMENT 
maize improvement 


In1970,CIMMYT's 

Beginning 


gram was expanded to include Improvement in the nutritional 
an Integral part of the i 

aspects of maize. Today, this work Is 
Special :Advanced,

total maize improvement program. Various materials under-

In the Back-Up, 
going Improvement units have parallel

ResearchCollaborativeand 
Inthe quality protein project. 

Projects I A 

would be difficult to• Ill IP 1.counterparts maize if Ityielded 
CIMMYT scientists realized that It 

the production of high-lysine paced ; 
encourage 
less than normal maize. Therefore, the emphasis was 

It 

Improving protein quality without sacrificing yield. 
varietiesmaizeon hioh-lysineto develop r 

necessaryalso was endosperm similar to those 
maize 

a normal-lookinghaving 
by farmers (endosperm refers to the starchy part of 

grown 



maize kernels). Early work at CIMMYT indicated that prob
lems of low yield and unacceptable kernel appearance, as 
well as other major problems associated with soft opaque-2 
endosperm, could be overcome through careful and system
atic selection for vitreous hard endosperm kernels that still 
retained high-lysine and tryptophan contents and thus im
proved protein quality. 

This strategy has shown that, genetically, it is pos
sible to combine high yield and high nutritional quality in 
maize materials and remove the defects (e.g. lower yields 
and dull, chalky, soft-kernel types) normally associated with 
the opaque-2 gene. 

Within the conversion process, the selection of genotypes 
with hard kernels which remain stable (i.e. do not tend to 
revert to soft kernels in certain environments) is a primary 
breeding objective. Over time, the percentage of quality pro
tein maize materials emanating from this conversion process 
has continued to improve. These modified materials must be 
analyzed by the Protein Quality Laboratory so that families 
which have lost some of their protein quality can be dis
carded. This selection process has resulted in the maintenance 

CIMMYT hes developed high-yielding maize varieties that have much 
better protein quality than traditional maize types. Those quality protein Maize 
varieties offer considerable promise in improving the diets of traditional low. 
Income maize consumers. 
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in hard endosperm types of the high protein quality levels of
 
characteristic soft opaque-2 materials. Most of these modified
 
materials have a lysine content of 3.5 to 4 per cent, or up to
 
twice the level of ordinary maize types.
 

Grain yield of quality protein maize expressed as apercentage of normal 
mraize check in different years across all test locations. 

too" 
S10 NORMAL 

0 90-Z 
0 80 OPAQUE -2 
W 70

60 
tI 

01970 72h 73 Ai 5 76 i7 i8 7h 

Yield potential of quality protein maize materials 
Originally the quality protein maize materials did not 

yield as well as their normal counterparts. This difference was 
attributable to the earlier cessation of starch accumulation In 
high-lysine materials resulting in smaller, lighter karnels. 
Through recurrent selection over several cycles for hard 
endosperm materials with larger kernels, the yield potential 
of these materials has improved substantially. 

During 1978, a trial was designed to compare 10 quality
protein entries and their normal counterparts. The trial was 
conducted at three experiment stations used by CIMMYT: 
Poza Rica, Tlaltizapan and Ciudad Obregon. The results of 
this trial clearly indicate that the yield performance of the 
best modified versions of several CIMMYT lowland tropical
populations is about equal to the normal counterparts, and 
some of the quality protein materials were somewhat earlier 
than their normal counterparts. 

Opaque-2 Maize Population Trials (OMPTs) 
Twenty-one of the best quality protein maize popula

tions were assembled in 1978 into trial OMPT 11, which was 
planted in 44 locations in 31 countries. Data received from 
20 locations growing the OMPT 11 trial show that at 60 per 
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cent of these testing sites, the best quality protein population 

equaled or exceeded the yield of the best check. The data 

showed that the quality protein materials did not show any 

more disease reaction than the best normal checks. Further, 
the hard endosperm grain texture of the quality protein 

entries remained stable over a range of environments. These 

materials also were superior in other desirable traits, such as 
plant height and resistance to leafearlier maturity, shorter 


diseases.
 

CONTINUING UNDP SUPPORT 

In 1978, the United Nations Development Program 

(UNDP) reviewed the progress made by CIMMYT in the 
and approved financialnutritional improvement of maize 

support for another five-year period, 1979-84. In this new 

phase, project objectives extend beyond protein quality to 

include some other nutritional quality aspects of maize, such 

as oil content. 
A panel of nutritionists has been set up to interact with 

on the status ofCIMMYT on a continuing basis to advise 
nutritional research as it applies to this project. 

RESEARCH FOR RESISTANCE TOCOLLABORATIVE 
THREE MAJOR DISEASES 

Starting in 1974, three collaborative breeding projects 

were organized between CIMMYT and six national maize pro

grams jointly to develop germ plasm resistant to three major 
. These diseases are: downydiseases of maize in tropical areas 

mildew caused by afungus found mainly in South and South

east Asia, but now spreading to Africa and Latin America; 

maize streak virus, disseminated by a leaf hopper throughout 

tropical Africa; and corn stunt, a disease also spread by a leaf 

hopper in tropical Latin America. 
To begin this research, CIMMYT assembled three broad

based maize populations (one white dent, one white flint and 

one yellow flint-dent) which would have general acceptance 
In the tropics provided they carried stable resistance to the 
three diseases. 
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Using a shuttle breading .:,tegy involving alternate screenings in disease 

"hot spot" areas followed by an egronomic improvement cycle in Mexico, scientists 

are making good progress towards developing maize populations with reiistance 

to downy mildew and to corn stunt. Pictured abor, are maize materials with 

varying degrees of resistance to corn stunt. 

Each year CIMMYT sends to the collaborating countries 
several hundred progenies from these base populations for 
screening under disease conditions. Seeds from superior 
plants in families showing resistance are returned to Mexico 
and improved for general agronomic characteristics. This 
technique of shuttle breeding is proving to be an extremely
 
efficient breeding strategy to rapidly develop high-yielding
 
varieties with greater disease resistance.
 

In 1980, the project entered its fifth cycle of selection
 
for resistance to stunt and to downy mildew and the fourth
 
cycle of selection for streak resistance.
 

In 1979, the superior families with resistance to downy 
mildew and corn stunt were internationally tested for the 
first time for yield potential and disea,.-e resistance. The re
sults indicate that good progress has been made in increasing 
the resistance to downy mildew and corn stunt. 

The progress on streak virus has been slower. The lack 
of Insect-rearing facilities (streak virus is disseminated by a 
leaf hopper) located in virus-affected areas for disease screening 
and uniform inoculation ishampering this research effort. 
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SPECIAL RESEARCH ACTIVITIES IN MEXICO
 

Within CIMMYT's general maize improvement program,
new ideas and techniques for improving specific characteristics 
of the maize plant are studied on a special project basis. In
these projects, the researcher confines the study to one or a few populations. Four such special studies are now under 
way dealing with yield efficiency in tropical maize, drought
tolerance, early maturity and wide adaptation. These studies 
may require many %',drS for completion, but the conclusions
reached may ultimately be applied to other parts of the 
program. 

Yield efficiency in tropical maize 
The development of tropical and subtropical plant types

that produce a greater proportion of their total dry matter
In the form of grain, rather than leaves and stem, is a basic
objective in the overall maize program. Different approaches
to achieve the objective, such as the shortening of the tropical
maize plant and redi".ing the leaf area and tassel size, are being
Investigated. 

Reserch at CIMMYT has shown that the gain efficiency of tropcal mwaz 
can be modified towards the more efficient Partitioning (grain vs clover)
characteristics of high-yieldlng temperate maize materials. 
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CIMMYT scientists, using the lowland tropical population
Tuxpeilo, have been selecting within the population for 
shorter plant height. By the end of 1979, 18 cycles o'Y flection 
had been completed, and plant height had been reduced to 
approximately 50 per cent of that of the original material. 

As the Tuxpeiio population plants heve become shorter, 
they have also become earlier. In addition, yield under good 
management conditions has increased substatial ly, particular
ly when thi plant density is increased. Yield increases are 
attributed to less lodging and fewer barren plants and to an 
improved partitioning (harvest index) of dry matter to grain
in the shorter plant selections. While the more efficient 
short-plant type is clearly advantageous, the higher plant
density requirement also means increased seed and more 
work in planting where hand labor is used. Further studies are 
being designed by national collaborators to look at some of 
the agronomic implications of these shorter and earlier plant 
types. 

Starting in cycle 12, the researchers began -ulecting
separately in the Tuxpeiho population for two other charac
teristics associated with yield efficiency: reduced tassel size 
and reduced leaf size. Two other populations unrelated to 
Tuxpeflo are also being subjected to similar studies. Prelim-
Inary yic;d tests point to the improved grain efficiency 
of selections with reduced foliage and tassel size; however, 
further testing is needed to verify these results. 

Crosses of tropical and temperate germ plasm have been 
shown to be more efficient in grain production than the tropi
cal material but are less tolerant to tropical diseases and pests.
It may be possible, by continual and simultaneous selection 
for both yield efficiency and pest tolerance, to adapt these 
potentially higher-yielding tropical -temperate materials to 
tropical conditions. Two such populations continue to be 
Improved toward these objectives. 

Drought tolerance 
Throughout the tropics drought causes sizable yield re

ductions in maize. Drought stress is most often caused by the 
irregular distribution of rainfall and by soils with low-water
holding capacity. 

A special project initiated in 1977 to develop techniques 
capable of identifying drought tolerant genotypes indicates 
that it is possible to select genotypes with improved yielding 



ability under drought stress conditions without losing theircapacity to perform well under adequate moisture conditions. 
A number of criteria have been identified which arereasonable indicators of the ability of a particular genotype

to perform better than average under water stress conditions. 
A !eection index incorporating these cciteria as well as grainyield (under non-stress and stress conditions) was used toidentify 80 superior families in 1979. These families were
then recombined and wiil be tested again in 1980. 

Earlier maturity in tropical maize 
Many tropical maize-growing countries need good yield-

Ing varieties which mature earlier to fit into a brief rainyseason or a tight cropping sequence. The sacrifice in yield
and disease susceptibility associated with very early maturing
varieties has been long recognized as th, major breeding prob
lem in developing these types.

A special project is utilizing alternative approaches todevelop genotypes with earlier maturity and good yield. Inone epproach, high-yielding intermediate tropical types havebeen used to form a population from which selection is made
for earliness. Eight cycles of selection have been completed 
to the end of 1979.

A trial to measure the change in yield and maturity inselected families is planned for 1980. In such selections forearliness, the breeder may be able to reduce either the time toflowering or the duration of the grain-filling stage. A studentresearch project was initiated in 1978 to evaluate the relative
Importance of these two development stages to grain yield.It Is anticipated that such information can usefulbe to
breeders in their selection procedures.

Another approach consists of assembling earlier maturity
genotypes from wherever they are encountered, and then toImprove their yield and disease and insect resistance. A yieldtrial conducted in 1979 Indicates that superior families can beidentified for high-yielding ability within early populations. 

Wider adaptation 
The development of broadly adapted germ plasm isa concept basic to all CIMMYT improvement programs.

To see how far this idea can be extended in maize, aspecial
project is developing a unique germ plasm pool. 
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In 1980 CIMMYT makes its 13th cycle of recombination
 
in a maize population drawn from many temperate and

tropical climates. Initially the cold climate materials would
not set seed in the Inwland tropics, and vice versa, because of
sensitivity to differing day lengths, temperatures and diseases.
 
Today this populatiosi 
 sets seed in a range of maize-growing

environments.
 

This special project in wide adaptation serves several

ends: 'first, a widely adapted population can be used to

transmit wide adaptation to other populations; and second,

wide adaptation in a parent can serve as 
a vehicle for trans
mitting genotypes with a broad gene base almost anywhere In
 
the world.
 

Combining ability of CIMMYT germ plasm

Relatively little information is available about the suit

ability of CIMMYT populations for the development of hy
brids. Such information would be useful for further improve
ment of the populations and for those national collaborators

Interested in hybrid development. To gather this information,

all CIMMYT materials are being crossed to Eto Blanco and
Tuxpeflo, two varieties that are known to combine well and

produce good hybrids. Most of these crosses were accom
plished in 1979, and the remaining combinations will be
completed in 1980. Yield trials will be conducted at CIMMYT 
stations in Mexico in the summer of 1980. 

WIDE CROSSES 

Crosses between maize and two alien genera, sorghum
and tripsacum, continue as part of the maize improvement
program to determine if it is possible to make available to
maize the potentially useful genes from these genera. Ingeneral, the aim is to make maize a more environmentally
stable crop; (i.e., with better insect and disease resistance 
from tripsacum and more drought tolerance from sorghum). 
Maize x tripsacum crosses 

During 1978-79, approximately 14,000 crosses were
made between maize and tripsacum, and 15 hybrids were 
obtained. 

Eleven of these were classical hybrids that retained the 
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scientists continued their wide-cross and cytological research in 

alien to maire in hopes of adding 
CIMMYT 

1979 to transfer useful genes from genera 
greater environmental stability to the tropical maizi plant 

expected gametic number of chromosomes from both parents. 
In appearance, they resembled Tripsacum more than maize 
and were perennial. The other four were non-classical hybrids, 
having 20 maize chromosomes and various numbers of 

Tripsacum chromosomes in different root tip cells. These 
hybrids were more maize like in appearance and were annual. 

Maize x sorghum crosses 
During 1978-79 over 23,000 crosses were made between 

maize and sorghum, and nine hybrids appear to have been 

obtained. All nine hybrids were non-classical types,as described 

above for maize x trlq)sacum crosses. These plants wcre more 

maize-like in appearance, and all flowered withif, seven 

months of germination. All had tassels that were reduced in 

size, with only one, or very few, branches. No hybrid had 
viable pollen. Six set some seed when crossed back to maize. 
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MAIZE TRAINING ' 

CIMMYT offers a wide ritnge of training opportunities 
to scientists working in maizr. improvement and production 
in the developing world. Thesit include: 

-In-service training rourses
 
production agronomy
 
maize improvement
 
laboratory analysis
 
experiment station management
 

-Graduate student programs in cooperation with univer
sities. Some students spend 12 to 18 months In 
Mexico to do thesis research. 

-Postdoctoral fellows: 2 years service at CIMMYT. 
-Visiting and Associate scientists: up to 1 year fellow

ships at CIMMYT. 

In-service 
The in-service training program in meize isnine ,ears old, 

The In-service training courses for production specialists are central to 

CIMMYT's efforts to assist national pogrems in staff development. On-farm 
reearch which Integrates the perceptions of economists, biological researhers 

end farmers toward the common goal of devising more appropriate production 
recommendations is the focus of these training courses. 
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and nearly 500 participants from more than 50 countries have 
passed through the six-month course. Originally, the emphasis 
was more on maize improvement. Today, however, about 7 
out of 10 specialize in production agronomy. 

The production training program emphasizes on-farm re
search. In addition to long hours of field work associated with 
on-farm surveys and experiments, the trainees are introduced 
to strategies for organizing production research systems. 

In the maize improvement course, trainees are exposed 
to the range of breeding materials undergoing improvement 
at CIMMYT. Each participant is involved in all aspects of 
maize improvement at different experiment stations used by 
maize program staff in Mexico. This practical training is 
Interspersed with participation in the production research 
experiments and classwork related to the various breeding 
methods used by CIMMYT in maize improvement. 
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Graduate student training and doctoral fellows 
During 1970-80, CIMMYT is sponsoring the training of 

ten master's degree candidates (Bolivia, Costa Rica, Colombia, 
Tanzania and Zaire); three predoctoral fellows (Zaire) and 
two postdoctoral fellows (Colombia, Vietnam). 

Visiting qcient sts 
During 1979, the maize programs received 53 visiting 

and associate scientists and 42 short-term visitors. Visiting 
scientists spend from a few weeks to one year in Mexico. 
Short-term visitors arc often agricultural policy mekers and 
administrators who usually spcend aweek at CIMMYT. 

MAIZE COOPERATIVE PROJECTS OUTSIDE MEXICO 

In 1979, scientists from mo-t maize-growing countries 
of the world cooperated with CIMMYT scientists in germ 
plasm development and exchange of research information. A 
few individual countries in the network have asked for direct 
staff assistance and CIMMYT has received special funds to 
provide this collaboration. A number of regional programs 
have emerged among various maize-growing countries, and 
CIMMYT has posted staff to support these regional efforts. 
At the end of 1979, 14 staff were assigned to either national 
or regional programs, as described below. 

National programs 
CIMMYT staff were working within five national 

programs at the end of 1979. These staff work on a daily 
basis with natioial program counterparts in all aspects of 
national maize research, production, staff development and 
training. 

0011rah'e proJect invohv/in nisonnplm ,1171 
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CIMMYT has had staff assigned to the Guatemular. national maize program
of the national agricultural research institute (ICTA) since 1976. This program has
made a significant impact on lowland maize production, due in large part to a 
certified seed production and marketing system which harnesses the energies of 
both the public and private sectors to reach the farmer. 

Regional programs 
A regional maize program helps forge stronger linkages 

among national collaborators and with CIMMYT. Regional 
programs generally comprise neighboring countries in which 
maize is a major crop (or has the potential of being one) 
grown under similar climatic conditions and exposed to 
similar diseases and insects. Therefore these countries benefit 
from closer collaborative rrsearch, training and information 
links. 

Regional maize programs In 1979 
Number of Start of CIMMYT Cuve"g

Rqoe end cooperating CIMMYT tff Doew 
aMrtoion baw countrks arrengement mnised 

Central America 13 1974 2 "4tnefrlnd
and Caribbean 
(Mexico) 

South and 11 1976 1 UNDP 
Southeast Asia 
(India) 

Anlean countries 5 1978 1 CIDA
(Colombia and (OCnill)
1cubdor) 

Mkdent 0 19I7 1 cam 
u0Wimd 
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Central American and Caribbean regional program 
The efforts of the maize staff assigned to this region are 

aimed at strengthening national research and production pro
grams by helping individual countries to develop and deliver 
more appropriate production technologies to local farmers. 

Regional staff assisted in conducting international trials 
tested within the region in '1979. Particular emphasis was 
placed on the identification of materials with good husk 
cover and low incidenc,' of ear rots. Considerable progress 
tnward these objectives is being reported from Costa Rica, 
Cuatemala, Honduras and Panama. These countries have 
r.leased new improved varieties, and farmer demand for these 
materials isstrong. 

On-farm research is receiving increasing support among 
regional scientists. Several countries have made a strong com
mitment to this type of research. Various cropping sequences 
and associations are being studied. The need for earlier
maturing high-yielding maize materials is emerging as an 
important germ plasm requirement for the region. Weed 
control is another major area of research activity. Minimum 
tillage methods are being test-d, in the context of mono
cropping, relay or association patterns of productions. 

A number of training assistance activities were carried 
out in 1979 by the regional staff, who participated in 
breeding methodology and on-farm research short courses 
In Costa Rica, the Dominican Republic and Honduras. In 
addition, 20 young scientists from the region completed 
in-service training courses at CIMMYT in 1979. 

South and Southeast Asia regional program 
Since 1976, CIMMYT has maintained one breeder/ 

agronomist based in India to assist in the improvement of 
germ plasm for the region, to encourage national on-farm 
research activities and to improve the exchange of research 
data and ideas among area scientists. 

Consideraible nued exists to develop earlier and more 
diseate-resistant materials for this region. In addition, the 
market demand for maize must he strengthened in many 
countries before increased production will occur. Toward this 
end CIMMY" cosponsored with the Indian Council of 
Agricultural Research (ICAR) an international workshop in 
New Delhi on maize utilization, processing and rn.rketing 
in mid 1979. 
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Eighteen scientists from eight countries In the region 
completed in-service training courses at CIMMYT during 
1979. 

Andean regional program 
CIMMYT has three staff asgned to this region. One 

breeder is assigned to Ecuador where he collaborates with 
national breeders from the region on improving maize varieties 
for highland areas. A Mexican cultivar, Cacahuacintle, is 
showing considerable advantage in the highland areas. This 
variety is high-yielding, has better disease resistance and is 
about two months earlier than traditional materials. It can 
permit a second short season crop in some areas. National 
scientists expect this material to have a substantial impact 
on floury maize production in the Andean highlands in the 
years ahead. 

Some CIMMYT populations have shown superior per
formance in the lowland tropical areas of the Andean regioni. 
These materials are receiving good acceptance and varieties 
are being released by national programs. 

In 1979, 12 scientists from the region completed in
service training courses at CIMMYT. 

Mideast regional program 
In late 1979, the maize breeder/agronomist assigned to 

Egypt was shifted to o regional assignment, with his center 
of operations located in Turkey. Special breeding priorities 
will include the development of maihe materials with greater 
resistance to late wilt, and also to stem borers. In 1979, three 
scientists from the region completed in-service training 
courses at CIMMYT. 
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INTRODUCTION TO WHEAT PROGRAM 

For many collaborating countries, 1979 brought record 
(or near-record) harvests. Among these were India, Pakistan,
Bangladesh, Turkey and Argentina. New varieties carrying
CIMMYT germ plasm were released by a considerable number 
national institutes. 

The start up of the Southern Cone regional program was 
an important new addition to the regional linkage system
with national collaborators. Considerable emphasis is being
placed on ways to improve wheat production in tropical soils
characterized by problems of acidity, high aluminum concen
trations and high phosphurus fixation tendencies. 

The 4th Regional Wheat Workshop, hosted by the 
Algerian government and cosponsored by CIMMYT and
ICARDA, was held in Algiers in 1979. Conference participants
focused on the production constraiits facing wheat farmers
In the Mediterranean and Mideast regions. Many of the
Issues raised in this conference will serve as orientation to
CIMMYT's work in production agronomy research.

The progress being made by the network of collaborating
scientists and the production records being set by developing
country farmers provide CIMMYT staff with strong reasonsfor optimism about the potential for continued increases In
wheat production as we enter the 1980s.

In the pages which follow, the highlights of the 1979 
wheat program activities are presented. Despite heavy frost
damage to the summer CIMMYT nurseries that prevented
harvesting of much of the material, 1979 was a successful 
year for the wheat improvement program. 

R. Glenn Anderson 



WHEAT SUMMARY 

Broad wheat 
CIMMYT continued to work in 1979 on developing broadly 

adapted, high-yielding cultivars. Breeding emphasis was given to spring 
x winter crosses, multillne component development based on coss 
8156, greater disease resistance, enhanced aluminum toxicity resistance 
in certain lines, development of earlier high-yielding materials and 

wheat for the humid tropics. National collaborators in 19 countries 
reported the release in 1979 of more than 50 varieties to local farmers 
which carried CIMMYT-distributed germ plasm in their parentage. 

Durum wheat 
Through an intensive breeding effort, CIMMYT's advanced durum 

lines now yield similarly to (or slightly exceed) the best bread wheats. 

Continued breeding emphasis in 1979 was placed on developing greater 
leaf characteristics,disease resistance, improved straw strength and 

added cold and drought tolerance, greater earliness In high-yield;ng 

types and improved industrial quality. Collaborators in six countries 

reported the release of eight varieties which carried CIMMYT-distributed 
germ plasm in their parentage. 

Triticale 
High-yielding triticale lines continue to be improved in 1979 for 

seed type and test weight. Breeding objectives also include a widening 

of the triticale germ plasm base and exploratory research on the potential 

of octoploid (bread wheat x rye) triticale types. In 1979, national 

collaborators in seven countries reported 13 new commercial releases of 

varieties which carried CIMMYT-distributed germ plasm Intheir parent. 

age. 

Barley 
CIMMYT's advanced barley lines showed continued improvement 

in 1972 in their yielding ability and breadth of adaptation. The breeding 

emphasis continues to be on barleys for human consumption. Added 
emphasis is being given to developing greater disease resistance and 

earlier types capable of high yields. Improved nutritional quality 
1979. national collaboratorsremains an important breeding goal. In 

in three countries reported that they had four varieties carrying CIMMYT

distributed germ plasm in their pedigrees which were in the final
 

certification stages before being released as commercial varieties.
 

Special germ plasm development 
Special breeding research continued in 1979 to determine if the
 

average protein content in bread wheat could be increased, to develop
 
lines, to increase
added disease resistance in @elected high Vielding 

the yield potential in high.yielding materials through larger, more 

grain-filled heads and to support other research to develop greater 
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aluminum toxicity tolerance in selected lines. This unit Isplacinggreater 
emphasis on wide cross research directed at transfering useful genes 
Into and among CIMMYT's four small grain crop species. 

Agronomy 
CIMMYT is I:lacing increasing research emphasis in the field of 

agronomy. Much of this research will be coordinated by regional 
program scientists. Agronomy research at headquarters focuses on ways 
to improve CIMMYT's nursery management and supports agronomy 
training activities, both for CIMMYT scientists and in service trainees. 

Pathology 
CIMMYT wheat pathologists continued to provide supporting 

Information to the wheat, triticale and barley improvement prcgrams. 
Pathologists are responsible for inoculating and evaluating lines in 
nurseries grown in Mexico. Headquarters-based pathologists help 
support CIMMYT regional pathologists and national collaborators 
In the screening of resistant materials. The pathology group also partic-
Ipates in the in-service pathology training courses. 

International testing 
In 1979, collaborating scientists in 115 nations requested nearly 

2,300 trials of wheat, triticale and barley from 38 different CIMMYT
distributed nurseries. Central to this international testing program are 
the screening and yield nurseries which serve to distribute new germ
plasm to collaborators and to acceleratei worldwide progress in wheat, 
triticale and barley improvement. 

Milling and baking laboratory 
In 1979, this laboratory tested more than 20.000 grain samples of 

bread wheat, durum whea, and tritcale lines. These lines are evaluated 
for their suitability in making bread, pasta and other products. 

Wheat training 
In 1979, a new in-service training course on irrigated agronomy 

was added to the wheat training program. In total, CIMMYT now offers 
seven in-service training courses each year of use to agricultural scientists 
engaged in wheat-related research and production activities. Other 
types of training programs were offered to visiting scientists and doctoral 
fellows. 

Wheat cooperative projects outside Mexico 
In 1979, one CIMMYT wheat scientist was assigned to the national 

wheat program in Pakistan and seven scientists were working in regiinal 
programs in Asia, Africa and Latin America. Regional nurserieAi are 
distributed in most regional programs. Considerable emphasis !n all 
these programs isbeing given to production agronomy research. 
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BREAD WHEAT 

Introduction 
The total area in the developing world seeded to high

yielding varieties (HYVs) which carry CIMMYT germ plasm 
in their pedigrees has increased steadily during the past 
decade. In 1979 the total cropland area seeded to HYVs 
equaled 30 million hectares. 

Germ plasm developmont 
In order to continue the flow of broadly adapted, 

disease-resistant HYVs to national programs, CIMMYT has 
an extensive network of Mexico-based, regional and col
laborative research programs for germ plasm screening and 
development. 

Spring x winter wheats 
CIMMYT, working in cooperation with Oregon State 

University (OSU), is involved in transferring useful genes 
between spring and winter wheats, with the aim of improving 
bott of these major bread wheat types. Through this crossir.g 
program, such improvements as greater disease resistance, 
and drought tolerance in high-yielding types are becoming 
Increasingly evident. 

In this cooperative effort, CIMMYT experiment stations 
in Mexico and OSU experiment stations in Oregon are used 
for the crossing programs. The climatic conditions at Toluca, 
Mexico, are cold enough during the winter to facilitate 
natural vernalization in winter wheat, from adirect November 
seeding. In January, spring types are planted, bringing both 
the winter and spring wheats to flowering in May when about 
1,500 spring x winter crosses are made. The seed from the 
crosses is divided equally with OSU. Advanced lines selected 
from spring x winter crosses grown in Mexico and Oregon are 
distributed through international nurseries. 

Several spring x winter crosses are showing high yield 
potential. Notable among these advanced lines are "Veery" 
and "Bobwhit, " Many of the Veery selections were the 
highest yleldinj lines in the 1978-79 yield trials In Ciudad 
Obregon, Sonora. 
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In 1979, advanced spring x winter lines made up more 
than 25 per cent of the high-yielding lines in the 13th Interna
tional Bread Wheat Screening Nursery (IBWSN 78-79). 
Many of these spring x winter lines also have the highest re
sistance ratings to stripe rust and Septoria. Current resistance 
levels in these materials are such that they can provide the 
crop with good protection except under exceedingly heavy 
Septoria infection. 

The evidence continues to mount that spring x winter 
wheats carry greater drought tolerance than the normal 
spring x spring crosses. To test this apparent tolerance, a 
special yield trial was distributed in 1980 for testing in 
several drought-susceptible areas. 

ipAYA).
 

ded 

Spring x winter t)road wheat crosses are now among the highest yielding lines 

In the CIMMYT program. Some lines, vich as Very, have been the t'p entry in 

recant Vield trials in northwest Mexico, ant lis) al)parto have greater' tolerance 

to drought. 
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Facultative wheats
 
Some wheat-producing 
 areas of the world-such as

Argentina, North Africa and the higher elevations of the
Mideast-require spring wheats with greater cold toleranceto withstand late spring frosts. These are called "facultative 
wheats," and their improvement is receiving some research
attention at CIMMYT. The progeny of those spring x winter 
crosses with a relatively longer vegetative cycle are selected

for further crossing. These types appear to have added cold

tolerance and adaptation for areas where true spring types

often are damaged at heading time by late frosts.
 

8156 multiline varieties
Multiline cultivars are mechanical mixtures of agronom

ically similar plant types (resembling each other in plant
height, maturity period and grain appearance) but differing
genetically in rust resistance. 

Since 1971, CIMMYT has been working with some
national collaborators to develop high-yielding components
for a multiline composite variety based on cross 8156 made
in 1955. Varieties derived from cross 8156 have been grown
on millions of hectares in the subcontinent for mor, than
10 years. They have become susceptible to prevailing biotypes
of leaf and stripe rust. However, many farmers would again
like to grow these types.

With vast areas planted to a single variety, the potential
damage to the wheat crop can reach disastrous proportions if
the prevailing race of a rust pathogen mutates. With the
multiline variety, chances are that only one or two of the10 to 12 component lines would become susceptible, thus 
eliminating the potential of a serious and widespread disease 
outbreak. 

CIMMYT's involvement in multiline breeding includes
the development of possible components for multiline
varieties and distribution of these lines to interested nations
for local screening and selection. In 1979-80, the Interna
tional Multiline (8156) Nursery was distributed to 60 testing
locations in areas of 8156 adaptation. 

India multilines 
Two collaborating Indian institutes, Punjab Agricultural

University at Ludhiana and C.S.A. University of Agriculture 
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and Technology at Kanpur, have released two multiline 
varieties, "KSML-3" and "Bithor," respectively. A third,
KSML-11, has been distributed from the coordination unit
of the wheat program. Two varieties make use of CIMMYT 
components in their composite make-up. 

Aluminium toxicity resistance
 
There are 
areas of actual or potential wheat production,

for example, Brazil and East Africa, which have acid soils
and aluminum toxicity problems. A cooperative research 
program was initiated in 1973 with three Brazilian institutes
(EMBRAPA, FECOTRIGO and OCEPAR) to transfer re
sistance to aluminum toxicity into high-yielding, disease
resistant semidwarf wheat types. 

A shuttle breeding strategy has been followed in which
CIMMYT crosses are sent to Brazil for evaluation of aluminum
toxicity resistance. The resistant lines (segregates) are returned 
to Mexico, where selection for high yield and rust resistance 
Is made at Ciudad Obregon. This shuttling between Mexico
and Brazil allows two seasons per year with alternate selection
under high-yield conditions and aluminum toxicity situations. 

The objectives of this program to transfer aluminum 
toxicity resistance into superior agronomic types have beenlargely accomplished. Over 100 different lines (crosses) have
been d3veloped which combine aluminum toxicity resistance
with good yielding ability. The focus is now on enhancing
disease resistance needed in these lines to maintain high. and 
stable yields. 

Disease resistance 
Breeding for disease resistance, especially to stem,

leaf and stripe rusts, is an integral part of CIMMYT's re
search program. Various locations in Mexico, known for the 
presence of some damaging wheat diseases, are used as sites 
for the selection of lines exhibiting resistance. 

The IBWSN continues to be a major mechanism to 
identify and distribute lines with broad resistance to wheat
diseases. In addition, a number of more specialized inter
national nurseries (e.g. for Septoria, Helminthosporium) andregional nurseries (Regional andDisease Insect Screening
Nursery, (RDISN), and Latin American Wheat Disease and
Observation Nursery, VEOLA) have been developed. These 

50 



nurseries broaden the base for identifying germ plasm resis

tant to wheat diseases. Particular attention is being placed on 

improving the resistance of all CIMMYT materials to Septoria 

and Helminthosporium. CIMMYT is cooperating with nation

al programs in Ethiopia, Israel and countries in North Africa 

where excellent screening and evaluation of Septoria are 

possible. Collaborative research on Helminthosporiumsativum 

is also under way with Bangladesh, India and Zambia. In both 

of these collaborative research projects, screening is done in 

disease-susceptible areas, followed by specific crossing pro

grams in Mexico to pyramid genes conferring disease resistance 

into materials with good agronomic characters. 

Wheat for the humid tropics 
A number of wheat-importing countries situated in the 

Central America, coastal Southtropics-notably those in 
America, West Africa and Southeast Asia-are interested In 

growing wheat in .ieir winter season, the period of coolest 

temperature and lowest humidity, as a means of reducing 

foreign exchange outlays for imported wheat. 
A serious disease under these humid tropical production 

conditions is Helminthosportilm sativum. Over the last several 

years, CIMMYT has evaluated thousands of advanced lines 

and breeding populations at our Poza Rica experiment sta

tion, located in the coastal plain of the State of Veracruz. 

During the last two years, many advanced lines have been 

Identified which have some level of tolerance to this disease. 

Crosses have been made with these lines, and the F2 

(first generation after cross) will be sent to Zambia (where 
endemic) and other locations forHelminthosporium is 

screening. Resistant selections will be shuttled between these 

centers and Ciudad Obregon, Sonora, Mexico, for selection 

under both high-disease and high-yield environments. The 

most promising materials were distributed in 1979 through 
tothe Tropical Helminthosporium Screening Nursery (THSN) 

collaborators for testing at 29 locations around the world. 

Wheats with early maturity 
Early-maturing wheat varieties are needed In certain 

(India, Pakistan, Nepal, Bangladesh, South Korea, Chiareas 
na) to fit rctation patterns with other crops. Past selection 



criteria for high yield and broad adaptation have often resulted in full-season crops with relatively late maturity characteristics. Some of the earliest germ plasm is found in Koreanand Chinese wheats, and these have been crossed with theearliest CIMMYT lines. Segregating populations of thesecrosses, which have suitable agronomic characters, high-yieldpotential and disease resistance, are shuttled between SouthKorea and Mexico to select for early maturing lines at both
locations. 

In 1978-79 at Ciudad Obregon, 58 advanced lines withearly maturity were compared in yield trials to INIA 66(a relatively early variety) with 11 lines equal in yields and
maturity characters to INIA 66. 

International testing
In 1979, the following international nurseries wereprepared for distribution to bread wheat collaborators: 

Nurssries
'THSN - Tropical Helminthosporm Lln. SetsScreening Nursery 22 35

F2 Irrigated 5609 oF2 Dryland 673 0F2 8156.type8 108 60F2 Aluminum 104 60F2 Spring x Winter 485 110CO - Crossing Block 434 50IBWSN - International Bread Wheat ScrwningNursery 630
ISWYN - International Spring What Yiela 

300 
Nursery 80 120ESWYT - Elite Spring Wheat Yield Trial 30 30ISEPTON - International Septorla Observation 

Nursery 177 *2 

Varietal releases
Materials emanating from this testing system were namedand released by 19 collaborating countries for use by localfarmers In 1979. Some of the countries reporting and thenumber of CIMMYT-related varieties released were: 

52 



Argentine (5)
Australia (3) 
Bangladesh (2) 
Bolivia (1) 
Brazil (5) 
Canada (1) 
Chile (1) 
Cyprus (2) 
Ethiopia (1)
Egypt (3) 

India (12)

Kenya (3)
 
Korea (1)
 
Madagascar (2)
 
Mexico (3)
 
Mozambique (1)
 
Nigeria (1)
 
Pakistan (6)
 
Rumania (1)
 

lqbod wtwet variotln bred by CIMMYT, INIA 
reissd InMexioo, 1950.70 

Veso 

ideam Variet name 

low Yaul 0 
10 Nalneri 60 
IN2 Pitic 62 

1902 Ponjamo 62 
1964 Sonora 64 
low Lerme RoJo 64 
IvaO INIA 66 
low Slets Cerrot 66 
1070 Ycora 70 
1671 Cajeme 7 
1971 Tenorl 71 
173 Jupotoco 73 
1673 Torlm 73 
1W7S Coooraque 75 
1975 Slamanca 76 
1975 Zorag. 7b 
1970 NeouIarl 70 
16? Povon 76 
1977 PIma77 
1977 Hermoslllo 77 
t977 Jouhar 77 
1t" CIANO 79 
1679 Imurls 79 
17" TaI 79 

Yld Omm ratIn uMmlo lows 
Yw of poten Plant hi Grain 
erm kI et"m 

1945 3500 115 Rod 
190t 4000 110 Rod 
195 5870 106 Red 
1950 5870 100 Red 
1967 5580 85 Red 
1958 6000 100 (44d 
1962 7000 100 nod 
1967 7000 100 Amber 
196 7500 75 Amber 
1960 7000 75 Red 
1968 7000 90 Red 
1969 7500 95 Rod 
1967 7000 76 Amber 
1909 7000 90 Rd 
1967 7000 90 Red 
1904 8000 90 Rd 
1969 750' 90 Amber 
1970 7500- 100 Amber 
1964 75t)J* 90 Amber 
1972 7f0.. 85 Red 
1969 7500 90 Rod 
1974 75X... 90 Rod 
1914 1500. 90 Amtor 
1973 7.00. 90 Red 

Owem L4 iw 
ru m nag Uwo 

TMS 20MB I0MS MR 
10MS SR 0 
1006 60 806 MR 
50MS 0 0A MR 
20M$ 705 0 $ 
30MR O0 0 l 1 
SMA 1006 0 1 
TMS 405 100 
TA 1001 1006 $ 
TR 1005 1008 5 
20MR 806 606 5 
rMR 80 006 S 
TMR 20M$ 406 6 
TR TH "OMR 
TMR 20MS 2OM 
0 30MS601 s 
0 TMR IOMR 8 
0 TUR IOMR MS 
SMA TUR 30M54A$ 5 
6MR 5MR TR $ 
WMR TA TA $ 

7R FI TMA 
7n Tn TR 8 
TA9 TH Tot 

EMsred I expeotlmnri station in Mecko. irrig"tod un4e highI 	 to .. l iIesntdllyfrllilty 

Al vu i lIe rAf rslst n to all throe rusts undoe M lcn con ittm.s tilmm of rebas 

A raslotant. -.sufteptble. 0 - no root, MR - "modeasely "alstan e MS moderuWymeip 
IlboS; 20 -.moderotly OusjMl* type leaon on 20 pw .m, ,f plant urfas. - I- of 
Oira Is llon-froe; TM - mod"eratly suseptlble type lus *n bu1m eol. b iws Is 
Issien-fi; TR . eeotn type loslon pisOt Iin trioeo ritw it, Wee III Io 4feO. 

o offY swtleo slesd In 1676-71 so ranpid 710040, lit WnMfle1mnt em 
wodl EW, but fVe oonwv mwnimum of 7W0 ke&s. isOuin here for el lu" rss.. 



DURUM WHEAT 

Introduction 
Durum wheat is grown extensively in the Mediterranean 

region, the Mideast, Inaia, the A'dean countries, Argentina, 
Chile, USSR, Canada and USA. Semolina (from durum wheat) 
Is generally used for macaroni, spaghetti and other pasta 
products, and for flat-unleavened bread in the Mideast coun
tries: couscous in North Africa, chapatis in India, freke in 
Syria, bulgar in Turkey and mote in the Andean countries. 
Worldwide, durum is grown on about 30 million hectares, 
often under rainfed conditions and with low average yields 
(less than 1,000 kg/ha). 

CIMMYT's formal entry into durum improvement 
began in the late 1950s with the predecessor organization and 
was expanded in 1968, when a durum breeder was appointed. 
At that time, few high-yielding, disease resistant varieties 
with good industrial quality were available for release to 
farmers in developing countries. 

While considerable progress has been made in durum 
breeding, some varietal traits still need additional improvc. 
ment, such as greater resistance to certain diseases, earlier 
maturity and greater resistance to lodging. CIMMYT believes 
that continued improvem.ents in these general characters can 
have a considerable impact on raising the average yields of 
durums grown in collaborating countries. 

Yield potential 
Previous problems of sterility In dwarf and semidwarf 

durums have been diminished significantly, and the higher. 
head fertility of newly developed lines now is maintained in 
summer and winter plantings. In terms of yield potential, 
CIMMYT's advanced durum lines now yield similarly to or 
slightly exceed the best bread wheats. 

Dimse resistance 
Although considerable progress has been made in 

improving the eneral levels of resistance of durums to the 
three rusts-stripe, stem and leaf--resistance levels need to 
be strengthened further for certain durum-growing areas of 
the world. In particular, greater stem rust resistance Is needed, 
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and CIMMYT is planning a collaborative recearch project on 

durums with countries where virulent forms of stem rust 

exist, which 	allows for good selection pressure. In addition, 
National Wheat Program has developed a stemthe Kenyan 

rust parental collection of resistant materials, which is 
to several African, Mideast, Asiandistributed via CIMMYT 

and South American countries for use in national crossing 

programs to increase still further the genetic resistcice to this 

disease in locally grown cultivars. 
Additional resistance to Septoria, Fusarium head scab, 

and Helminthvsporium is also being pursued. Several special
are being planned.ized nurseries and cooperative projects 

also screened for Septoria resistance.Regional nurseries are 
CIMMYT scientists are collaborating on thisIn addition, 

problem with national program scientists in Ethiopia, Kenya
 

and Israel.
 

Research on Fusarium head scab, aproblem with durum
 

wheat in cool climates where a maize/wheat rotation is
 

followed, is under way with collaborators in Argentina and
 

Brazil.
 

Cold tolerance 
are grown mainly in cold-freeAlthough durum wheats 


areas, in some important production areas in the Mediter
and America regions, sub-freezing
ranean, Mideast South 


temperatures may occur, usual!y during the early stages of
 
season, CIMMYT planted in

growth. During the 1978-79 
Toluca 2,507 lines and cultivars obtained from the USDA-


World Durum Wheat Collection. These lines were subjected
 

to below-zero temperatures. Some promisinj materials were
 

identified, and a group of cold-tolerant lines was distributed
 

to interested collaborators for planting at 50 locations during
 
between the 	 facultative1979-80. Crosses are being made 

"winter" type triticales (primarily of Turkish origin) and 

spring-habit durum wheats. 

Early and drought-tolerant materials 
The durum program is receiving some early-maturing 

several cooperatingand drought-tolerant germ plasm from 
These two groups are being used in the crossingprograms. 

In 1979, CIMMYT distributed 50 sets programs at 	CIMMYT. 
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of F2 progeny of these materials for screening in selected dry 
areas. 

Improving straw strength
Durum mate'ials w'th greater straw (stem) strength are

being requested by colla iorators. Areas where heavy compe
tition with weeds and low-input cropping exist also require
taller varieties, which in turn necessitate the presence of good 
straw strength. Advanced lines of various heights with 
stronger straw have been developed and distributed in 1979 
to Interested cooperators. 

CIMMYT's advanced durum lines now have high Yield Potet-,iai, good
industrial quality and bro4d adaptation. Varieties carrying CIMMYT germ plasm
In their pedigrees are now grown widelv in Medtterrenean basin conities; and In 
South America. 
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Improving leaf area and position 
The 	restructuring of the leaf area and position in tradi

tional durum plant types toward one with shorter, narrower 
upright leaves can offer improvements in the efficiency of 
plant utilization of water. Since durums often are grown in 
water-short areas (North Africa, Mideast), this physiological 
improvement can add to the yield dependability of the crcp.

During 1979, breeders continued to identify lines with 
upright leaves and/or short narrow leaves. These lines are being 
used in crosses with high-yielding, early, good-strawed, 
disease-resistant durum types. It is hoped that this part of 
the program will gradually altei the plant architecture of 
future HYV durum lines. 

Breeding for long-lax and semi-lax heads 
This research effort is directed toward developing 

durum heads with greater spacing between spikelets, which 
offers the following advantages: 

(1) 	 better and faster drying after rainy or wet weather 
(reduces susceptibility to head diseases); 

(2) 	 gives room for larger, plumper grains to develop 
(which improves the industrial quality of the 
grain); and 

(3) 	 better fertility and yield potential. 

Industrial quality 
Although about half of the world's durum wheat 

production is used for home consumption, a number of 
developing countries are in a position to produce durums for 
export to Europe and other regions. To be readily marketable, 
these durum wheats must have a high grain test weight, large 
size grains and good macaroni color. 

CWMMYT's cereal quality laboratory routinely screens 
iiew high-yielding lines to help identify parents which do not 
lose quality characters dL'ring macaroni processing. Today 
the carotene content in many CIMMYT lines compares 
favorably with the best Italian macaroni durums. 

International testing 
In 1979, CIMMYT distributed 382 nursery sets for 

worldwide testing. The following different International 
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TRITICALE 

CIMMYT continues Its work on the manmade crop 
triticale-a cross of wheat and rye. Despite the clear produc
tion potential of triticale for certain developing country 
environments, most of the approximately 360,000 hectares 
currently in production is in the developed countries. 
CIMMYT considers that it is logical for these developed 
countries to be the first to enter nto commercial triticale 
production, since they are better able to carry out the adap
tive research required to get triticale into use. 

Nevertheless, such countries as Mexico, Argentina, 
Brazil, Chile, Kenya, Tanzania and India are becoming 
Increasingly involved in national research and production of 
triticale. CIMMYT believes that the crop will take a significant 
place among the cereals grown in the developing world during 
the 1980s. 

.- U. 

TrIticag. has shown grater dry matter production than wheat, and further 

pertloning to grain (versuls straw) may putt' the maximum yield Potentlil of
 
tritIcale to higher levelt than~ those attainable In wheat.
 



The CIMMYT triticale program, since its formal Initiation 

In 1968, has continued to improve triticales so they will be 
acceptable as a commercial crop. The main program objectives 
remain the improvement of yield and adaptation, develop
ment of the grain endosperm (plumrness and test weight), 
further development of dk!ease resi5 tance, and broadening of 
the germ plasm base. 

An expanded research .-ffort to produce rctoploid 
(bread wheat x rye) triticales will occur during the 1980s, 
although the existing work on hexaploids (di':um x rye) 
will also continue. The octoploid form of triticale may 
lead to improved seed type and baking c'ialities, a more 
semidwarf plant habit, and greater earliness. 

Yield and adaptation 
In 1979, intfrnational testing data continued to confirm 

the high-yield potential of triticale, with an up to a 100 per 
cent production advantage over wheat in areas of acidic soils 
and cool highland production environments. In addition to 
its direct food value, triticale is also an excellent feed grain 
and forage crop. 

Seed type and test weight 
The normal trndency among triticales is to produce 

fairly good grain test weights (function of grain plumpness) 
under the best growing conditions, but under some conditions 
the grain test weights drop sharply. Progress in improving 
triticale test weights has been slow. The first real improvement 
came in 1971 with the line Camel, which began the trend 
toward higher test weights. Further crosses involving Camel 
produced the line Panda in 1976, with an even higher test 
weight, more comparable to the test weights of good bread 
wheat varieties. Both the Camel and Panda lines have been 
used extensively in subsequent crosses in an attempt to 
combine higher test weight with high yield potential and 
good agronomic characteristics. An increasing number of 
lines are now emerging from this effort, combining the 
desired selection criteria. 

Disease resistance 
Triticales to date have shown a high resistance to rusts 

and to powdery mildew, International data also show that 
tritlcales have excellent resistance to smuts in general. Good 
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resistance to Septoria tritici is available in triticale germ
plasm, while the resistance to Septoria nodorum appears 
to be poorer. Ergot problems have been essentially eliminated 
in the new triticale lines. Barley yellow dwarf virus (BYDV), 
to date, has been the major virus disease of triticale. Here 
again, sources of tolerance (Beagle line and its derivatives) 
appear to exist to this virus disease and will be used to 
broaden the resistance of triticales to BYDV. 

Widening of triticale germ plasm 
To introduce fertility, all strains of triticale developed
 

In Mexico were crossed with the line Armadillo. This resulted
 
In a temporary narrowing of the germ plasm base with
 
accompanying disadvantages. CIMMYT breelers continue
 
to broaden the genetic base ot new triticale line using three
 
primary methods:
 

(1) 	 inter-crossing triticale with bread wheat, dururn,
 
and rye species;
 

(2) 	 creation of new primary triticales (durum x rye;
 
bread wheat x rye); and
 

(3) 	 crosses of the Mexican spring triticales with winter
 
germ plasm from Europe and North America.
 

Triticale Is showing a clew productive advantage over other smell cealf 
grains In cool highland production environments, such as here in the Himalayes. 
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International testing
In 1979, the requests for triticale nursery sets continued 

to grow, increasing ,41per cent over the previous year. In 
total, 559 individual nursery sets were distributid for world
wide testing. Eight different international nurseries were 
prepared in 1979 for distribution to national collaborators: 

Irted Lknu300 Sut5 
Dryand 311 56 

,"-Spring x Winter 103 75 
- Crossing Block 430 46 

IrrN - International Triticale Screening Nursery 328 179 
ITYN - International Triticale Yield Nursery 25 101 
TORN - TrIt.=.v Mohm ReWsnance Nursery 8so 
'Forage lines 101 21 

New varietal releases in 1979 
During 1979, 13 cultivars were released for commercial 

production by national collaborators. All these new varieties 
were derived from CIMMYT lines. Countries and the number 
of varieties were: 

Australia (4) Mexico (2) 
Canada (2) Spain (1) 
Hungary (1) USA (2) 
Italy (1) 

BARLEY
 

Barley is one of the most dependable cereal crops where 
drought, short growing seasons and alkaline or saline soils are 
encountered. It is used as ahuman food, a livestock feed, and 
for barley malt. A substantial number of people depend on 
this cereal crop in the Mediterranean region, the Mideast, 
India, China, Korea and the Andean region. 

Although improved varieties have been developed for 
livestock feed and barley malt, most barley eaten by humans 
has been low yielding and susceptible to diseases. Moreover, 
the tough hulls around the barley grain, while useful in live
stock varieties, must be removed before the grain is eaten by 
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humans. The removal of this hull is laborious and reduces 
protein levels. 

In 1972, CiMMYT began to improve barley for use as 
a human food. Since that time, many thousands of improved 
lines have been developed and distributed to collaborators 
around the world. CIMMYT breeding is focused on develop
ing high-yielding, widely adapted varieties that are resistant 
to diseases and lodging and have good nutritional quality. 
The program also seeks to develop good hull-less types as well 
as earlier maturing lines. This program is conducted in col
laboration with ICARDA. 

Yield potential and adaptation 
CIMMYT advanced lines have continued to improve in 

their yielding dbility and their breadth of adaptation. Eleven 
advanced lines included in the Fifth International Barley 
Observation Trial (IBON), 1978, had average yields across all 
locations ranging from 4.7 to 5.7 t/ha. In the 1978-79 yield 
trials at Ciudad Obregon, 30 advanced lines had yields in the 
5.5 to 6.6 t/ha range. 

Disease resistance 
In CIMMYT's early barley improvement work, the 

breeding emphasis was on Improving the general barley plant 
type. Current materials now have greatly improved straw 
strength, earliness, semidwarf habit and are high yielding 

wellacross environments. Now that these improvements are 
under way, a shift is being made in the program to concen
trate more on barley disease problems, which can be particu
larly serious in Latin America and East and West Africa. The
 
three most devastating barley diseases are rhyncosporium,
 
stripe rust and barley yellow dwarf virus. In recent years,
 
CIMMYT's germ plasm has been enhanced by the incorpora
tion of new lines from Ethiopia with resistance to these dis
eases. In the breeding scheme followed by CIMMYT, special 
crones are being made in Mexico for subsequent screening in 
disease "hot spot" areas. National program personnel in the 
Andean region and East Africa are cooperating with then 
special screenings. 

Nutritional quality 

After an extensive search during the last several years, 
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CIMMYT scientists have assembled 50 improved lines carrying 
genes for considerably higher total protein and better protein 
quality (high lysine). These lines are grouped into a special 
crossing block. In general, they are acceptable agronomic 
types, although they still need further improvement and bet
ter disease resistance. These high-protein quality lines are 
distributed to cooperators worldwide through the IBON 
nursery. 

Earliness 
The efforts to reduce the growing cycle of the barley 

crop without a substantial reduction in yield are showing 
good results. CIMMYT scientists have developed barley lines 

1V 

Current CIMMYT barley materleO hve Improved plait type, Impro 
strew strength and oarlinen couipled with high-yielding ability. 
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that yield in the 3.5 to 4.5 t/ha range and which reach har
vest time 30 to 40 days earlier than most traditional varieties. 
These early barleys may prove valuable for farmers lacated in 
low-moisture or short-season environments by giving them a 
more dependable crop. More extensivu multilocational testing
with national collaborators isnow under way. 

Hull-less grain
Approximately 30 per cent of the CIMMYT lines under

going improvement carry the hull-less character. Some lines 
have been developed which can compete in yields with some 
of the better standard commercial hulled varieties. However,
theqe hull-less lines often suffer considerable seed damage
during threshing, which results in reduced germination; the 
more exposed embryos suffer the greatest seed damage.
Indirect measures of selection have been followed to overcome 
this problem, in that all lines with alow germination percentage 
are automatically discarded. A search is also being made to 
find germ plasm with less expcsed embryos. About 50sources 
have been identified with resistance to this damage. 

Spring x winter crosses 
The need for winter hardiness in barleys for certain 

developing countries led CIMMYT to begin a spring x winter 
crossing program in 1976-77. In 1978-79, 56 sets of spring 
x winter crosses were distributed to cooperators for evalua
tion in Turkey, Korea and China. 

International nurseries 
The number of requests in 1979-80 for internatlonalJ 

barley nurseries increased 36 per cent over the previous year.
Five different nurseries were prepared foi distribution in 
1979 to national collaborators: 

F2 - Spring xSpring 426 
F2 - Spring x Winter 244
CO - Crowing Block 430 
liON - International Barley Obwvtton Nurery 201 It? 
IIYT - International Barley Yied Nurse"y 25MliibllalnNo, 625 1 



New releases 
No commercial releases of barley varieties derived from 

the CIMMYT program were reported by collaborators in 
1979. However, reports from three countries indicated that 
plans are In the final pre-release stage. These countries and 
the number of varieties are as follows: 

Korea (1) Iraq (1) 
Bangladesh (2) 

SPECIAL GERM PLASM DEVELOPMENT 

In the conventional breeding programs, experimental 
lines are evaluated simultaneously for many desirable traits. 
Lines which carry a particular character useful to the breeder, 
but intermixed with large numbers of undersirable ones, are 
usually rejected in the conventional program. In order to 
capitalize on potentially valuable germ plasm, a special unit 
at CIMMYT attempts to transfer useful genes into a line with 
good agronomic background. The resulting lines are then 
reintroduced as parents within the conventional breeding 
program. 

Efforts to develop new germ plasm for use as parents 
Incrosses are described below. 

Protein Improvement 
The percentage of protein in wheat flour ordinarily falls 

In the range of 10 to 12, reasonably good among cereals. 
Nevertheless, efforts continued in 1979 to develop bread 
wheat lines with higher levels of total protein and higher 
protein quality. The wheats with higher protein content used 
in this crossing program are tall, low yielding, late maturing 
and susceptible to many diseases. CIMMYT breeders have 
been able to transfer genes for higher protein into a few high
yielding semidwarf lines with moderate resistance to rusts. At 
the same time, scientists are looking for additional genes 
which .onfer higher protein content; the purpose isto inter. 
cross these high protein lines in hopes of pyramiding the 
genes which control this feature. 

Lines emanating from this work were included in yield 
trials at Ciudad Obregon in 1978-79. A number of lines with 
superior protein levels yielded 4 to 5 t/ha. 



Rust resistance 
Work continued in 1979 to identify, transfer and 

pyramid genes capable of conferring greater and more stable 
rust resistance to bread wheat. This widening of the genetic 
base for rust resistance often brings accompanying adverse 
effects in the yielding ability of these progenies. The second 
phase of this crossing program, thus, is to cross lines with 
high rust resistance with high-yielding varieties in hopes of 
combining these different traits into the progenies. 

In another project, dominant genes for leaf rust resis
tance normally present in tall, late-maturing varieties are 
being transferred into semidwarf, early-maturing varieties. 

More spikelets per head, more grains per spikelet 
The number of grains per spikelet and spikelets per 

head are not the only factors determining grain yields. 
However, the genetic yield potential of wheat might be 
pushed even higher if a longer, more grain-filled head cou'd 
be developed atop ordinarily high-yielding, widely adapted 
varieties. 

CIMMYT scientists have been able to develop experi
mental lines with 8 grains per spikelet (3 to 5 are the normal 
number in most bread wheats). Grain filling (plumpness) 

In addltlon to the etforts to Increew the yielding ability of broad whet 

through wnlng x winter crosees, CIMMYT Is ontlnulng its efforts to knwmwa 

the head iizs and spiklet fefilIty without a reduction in tilleting ability In broad 
wheets. 



Is the principal problem in these crosses, and added emphasis 
is being given to improv, this character. Earlier-maturing lines 
with these larger number of grains per spikelet have also been 
developed. Several lines were selected in 1979 which combine 
good kernel type and high-yield potential. These will be used 
in future crosses. 

Another cross, containirg the winter wheat Tetrastich6n 
in Its pedigree, has u head twice as long as most spring wheats. 
These larger heads have been accompanied by a lower tillering
ability (normally, as the number of grains per head increases, 
the number of tillers per plant decreases). Significant progress
has been achieved in improviri the tradeoff between large
heads and tillering ability, although some problems still exist 
with grain plumpness in these experimental lines. CIMMYT 
sees the potential to push maximum yield potential of wheats 
higher in the newer lines cominq out of this project. 

Aluminum tolerance 
This unit continued work in 1979 on the improvement 

of aluminum-tolerant Brazilian wheats. As reported under the 
bread wheat section, a number of higher-yielding, short
strawed, aluminum-resistant lines have been developed in 
cooperation with Brazilian collaborators. Recent screening
nurseries grown in Mexico have also contained some lines 
with good resistance to Septoria.

Additional emphasis is being placed on increasing the 
head size and fertility of Brarilkw wheats. The best Brazilian 
aluminum-tolerant, short-strawed lines are being crossed with 
parents with large, fertile he~ds. Progeny combining these 
two characters have been obtained. 

Triticale x wheat crosses 
Crosses between triticale and wheat have been under 

way a CIMMYT for several years. The objective is to stabilize 
dwarfis,n in triticales and improve their seed type through 
the transfer of genes for these traits from bread wheat germ 
plasm. 

In addition, genes carried in triticale for head length
and disease resistance may be transferred to bread wheat to 
Improve this germ plasm further. 

Wide crosses 
In 1979, this unit continued its work on wide crosses, 
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CINIIYF Is ptis-ig grea'Jr .r'.uphmis on wide crost reewch Pcturd 
1abovw i i tyMrid eter, n-) productbd i' CIMMYT bi cros,4ng w 1t ilefti and 

E ym ,UI(right a r 0 11 2'MM Y I 0 ItS r r into of. wVIId ,| .!r .1 1 1 1(, trlastrr 

among its for wi'al J;041,1 LirO) 'Or gft. &WAV rIt'taft.e tolerar)(t to 

environ aenlAri oxftrtr it( i |iq I i u,,ditv 

wcrkini man!y on wthiat x .ar~ey rrosses and to a lesser 

exte, t nn wheat x Py'"us (idowheat x Agropysoe crosses. 
The purpose of this rerscarc, i. to tt ,wifei ,nts hurn other 
s'jecies into ,!Swat foi greatu:t protein ulity. (1inase resis
tWive and tol'jranc,' to afjroclhmatic stresse.. irveiol inter 
ge .ric hybrids were obtaineJ in 1079 fr:)m these crosses. 

These hybdi'Is are row heinq stu(diedr by a f;ytologist, who 

recently joinir(i th, CIMVYT staff, to h,tr'rrntne the fate of 
chrom'somi.us confered frorn the different parental species. 
CIMMYT witicit)attf tha! IVcre't( rte.,,Arrn in this OrJIa will 
leucd to %altjhi, mIWavd'ces i1 all 1Cv'r smnall (irau rier'als. 

ACRONOMY 

CIMMYT has (or&j idvocaved the importance of agron. 
omy research, to im,)oive the productivity of small grain 
farninq. CIMMYT's regional staff are the most heavily 
ihvohed in priejoctioruorisinted atronomy research, which Is 

http:chrom'somi.us


carried out by national collaborators unckor local conditions. 
CIMMYT In 1980s will place its major program growth em
phasis In the field of agronomy. The staff will work with
collaborating national programs to strengthen their agro
nomic research activities through mounting interdisciplinary
research programs capable of reducing the gap between experiment station and farm-level yields. CIMMYT will assist 
national programs mainly in the design of ,.;arch proce
dures capable of generating nore appropriate and effect pro
duction recommendations for farmers. These activities will be 
covered under the sections on cooperative programs outside 
Mexico. 

The basic aims of the Mexico based agronomy program 
are to provide !rxininqJ for CIMMYT scit'ntisls who will later 
go to regional programs and for the young scientists who 
come to CiMMYT to participate in the inservice production
training courses as well its to look after the agronomy on
CIMM'r's e periment stations Trials irv desiIgnt.d to demon. 
strate important alronornic p iriciples, (gv:nq emphasis to 
those problems which ire encounfltered in mfty liarts of the
wheat- ro(luci rig world. Treamtryeris are also included in 
many trials to answer sIxecific questions asuiated with the 
management of breeding nurseries on stations where CIMMYT 
scientists conduct their work 

Wed control 
A variety of chemical control agents was tested for 

effectiveness (and possible side effects) in controlling the
major weeis affecting nurwery plantings at the different
locations used by CIMMYT for small grains breeding end
improvement activities 

Nutrient studios 
During 1979, this section conducted routine NPK studies,

variety nitrogen interaction e p riments. nitrogen fertiliter 
timing trials and %oilamelioration and micronutrient trials. 

A particularily interesti rg finding in the variety x
fertilizer interaction t!ial was lhat hiqg yielding semidwarf 
varieties nearly always outperform triditiiorial tall varieties
under low fertility conditions while gevirR much greater yield 
response under high fertility conditions 
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Variety and advanced line trials 
These trials were laid out in farmers' fields, in cooper

ation with Mexican collaborators, to compare potential new 
candidates for wirietal release in Mexico, using large plot 
conditions and prevailing farmer management practices. 

PATHOLOGY 

There are about 40 species of fungi, bacteria and viruses 
that are parasitic to wheat, barley and triticale. These path
ogens are responsible for the diseases which cause the major 

1, 

The work of CIMMYT pathologists Is centro to the Center's reserch 
Ifforts to develop dihem-resistant valittios which of fir Wietr yield dtlindoilt 

to the fumet. 



reductions in yields among the small grains. CIMMYT germ 
plasm, through the system of international nurseries, is 
exposed to a large number of pathogens responsible for small 
grains diseases. By repeatedly testing the materials contained 
In these nurseries for disease reaction in awide number of lo
cations around the world, CIMMYT breeders and pathologists 
are able to identify and develop wheat, barley and triticale 
genotypes possessing a wide spectrum of resistance. 

Among the most serious diseases of wheat and other 
small grains are the rusts-stem, leaf and stripe. The constant 
mutation of rust-causing pathogens provides a continuous 
threat to wheat varieties, including varieties previously con
sidered resistant. 

CIMMYTwheat pathologists provide support information 
to the wheat, barley and triticale breeders. The pathology 
group isresponsible for artificially inoculating nurseries grown 
in Mexico to impart heavy disease pressure for selection of 
resistant lines. In turn, these resistant lines are crossed to 
agronomically desirable types with good yield potential, and 
the resulting progeny is distributed to hreeding programs 
around the world through the international screening nurseries. 

Pathologists also evaluate CIMMYT materials, and those 
submitted by national collaborators, at six sites in Mexico in 
uniform nursery trials. In general, the leaf rust levels in 
Mexico are adequate for good selection pressure, and the 
risks of "escape" (susceptible materials being selected) are 
minimal. For stem rust, the infec!iOn level in Mexico was 
not sufficiently severe in 1979 for good selection pressure. 
Screening for diseases that either are not present or not 
sufficiently severe in Mexico must take place in "hot spot" 
areas where they naturally occur. CIMMYT regional programs 
provide this important function. For example, East Africa 
is agood area to select for stem rt,,t (also for stripe and leaf 
rust); the Andean region has good locations to select for 
stripe rust; North Africa for leal rust and Sqptoria, and 
South America for barley yellow dwarf virus. For these and 
other important diseases, CIMMYT seeks research collabora. 
tion with scientists located in the appropriate geographic 
areas to improve the resistance of CIMMYT materials distrib. 
uted worldwide. 

Pathologists assigned to regional programs are also 
actively involved in disease surveillance and disease screening 
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of experimental lines through regional nurseries operated in 
Asia, Africa and Latin America (described later). 

Greenhouse studies 
Wheat pathologists continued greenhouse work in 

1979 to monitor changes in different virulent types of leaf 
and stem rust. The objective of this program is to continu
ously monitor the races of rust for possible mutations which 
would lead to new disease outbreaks to which CIMMYT 
lines might be susceptible. 

Training activities 
This group also is responsible for pathology training 

for in-service training participants. In 1979, five national 
aprogram pathologists from as many countries completed 

seven-month training course in Mexico on pathology research 
techniques. In addition, several regional workshops on field 
pathology research techniques were conducted in several 
regions. 

INTERNATIONAL TESTING 

In 1979, collaborating scientists in 115 nations requested 
nearly 2,300 trials of wheat, triticale and barley from 38 dif-

Each nurseryferent nurseries offered in the wheat program. 
consists of a set of varieties, populations or lines-sometimes 
as many as 500 entries-which are constituted to serve par
ticular production environments, breeding requirements of 
collaborators and disease problems. 

Collaborators arq free to use any of the materials 
included in anursery. When its material isdirectly released as 
a commercial variety, CIMMYT requests that the origin of 
the germ plasm be recognized. Further, varieties originating 
from the international nurseries cannot be protected by 
patents or plant breeders' rights. 

Consulting services to national programs 
Wheat pathologists also provide consulting services to 

national programs. In 1979, CIMMYT pathologists visited 
a number of disease observation nurseries planted by national 
program personnel, working hand-in hand with cooperators 
In evaluating the disease resistance of experimental lines. 



The two largest categories for wheat, barley and triticale 

are the screening and yield nurseries. 

Screening nurseries 
These nurseries involve many advanced lines which are 

grown in double rows for observation and evaluation. 
The objectives of screening nurseries are: 

an(1) 	 To provide cooperating scientists with opportunity 
to assess the performance of new advanced lines origi

nating from wheat, triticale and barley breeding pro

grams. 
(2) 	 To supply cooperators and CIMMYT with information 

on the performance of new materials under a wide range 

of climatic and disease conditions. 
(3) 	 To release sources of genetic variability which cooper

ownators may use directly or in crosses with their 
materials. 

Yield nurseries 
Yield nurseries differ from screening nurseries in that 

the material tested is grown In replicated yield trials. The 

objectives of yield nurseries are: 
(1) 	 To provide research workers developing new varieties 

with 	an opportunity to assess thtt performance of their 
range of climatic,advanced breeding lines over a wide 


cultural and disease conditions.
 
(2) 	 To serve as a source of fundamental information on 

adaptation. 
(3) 	 To allow local research and extension workers to 

compare the performance of new vrieties from many 

countries. 
(4) 	 To provide cooperators new sources of genetic variability 

which may be used directly or as parents for new croses. 



wheat, durum, triticale and barley nursories distributed Inlr*a 
he International nurseries program 1979. 
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MILLING AND BAKING LABORATORY 

The Milling and Baking Laboratory evaluates the grain 

of bread wheat, durum wheat and triticale lines for the suit

ability in making bread, tortillas, chapatis, cookies, spaghetti 

and other products. 
In 1979, the laboratory tested 17,041 samples from 

and F4 ) for glutenearly-generation bread wheat lines (F3 

strength. The lines tested represent 42 per cent of a total of 

40,556 individual plants selected in the field for good agro
discarded for seed type.nomic characteristics; others were 

By screening early generations for seed type, advanced mate

rials have been increased in test weight (weight of grain per 

unit volume), and due to this type of screening few advanced 

lines are now discarded because of low grain test weights. 

About 1,500 advanced lines arid varieties of bread wheat 
baking qualities. A were evaluated in 1979 for milling and 

number of lines with good baking and cookie quality were 
the specialselected irom this material. Several lines from 

protein improvement project had protein levels up to 16.2 

per cent in flour plus good baking quality. 

wt oftvchn)l(Iit *110Vear, CIMMY T (efeal I ev *Ik ato it glPao f ihf,o 
tlWp r"Isk"tiEach Wik ai h . 1 ot h ir wtltItt10 in , 

breed| whealt, dur,-,,. andt 

iro ofh( itI at it vvhiti ( wi;titt Itn ti osft , vreo itng orwi v iih 
aind other 

nurseries hat town asstpwil for wain quiality 
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In durum wheat the laboratory screened 5,700 individual 
plants for pigment content, and 320 advanced durum lines 
were evaluated for spaghetti-making quality. Several advanced 
durum lines were found with good spaghetti cooking quality.
In triticale, 300 lines that had good yield and test weight and 
166 lines from the crossing block were Lvaluated for milling 
and baking and for quality in cookie-making. In the high
yielding triticale material, almost all the lines tested had a 
flour yield higher than 60 per cent, with some higher than 70 
(good bread wheats have flour yields of 70 per cent). Many 
triticale lines provide flour that is better for cookies than the 
soft bread wheats normally used for making these products. 
(Some triticales also ate good for naking bread.) 

Two trainees from Peru and Turkey spent an average 
of 3 months each in 1979 learning techniques in the Milling 
and Baking Laborattry. The laboratory also received a vis
iting scientist from Pakistan. 

Experiments were conducted with various blends of 
flours-bread wheat flour with maize, with triticale, with 
durum wheat and with barley. In general, blends of 15 to 20 
per cent of the alternate with wheat flour produced satisfac
tory products. It is believed that this method of extending 
imported bread wheat flour could be used in countries where 
alternate crops are grown. 

WHEAT TRAINING 

The 1979 wheat in-service training program added a 
new Irrigated agronomy course in the Yaqui Valley, Sonora, 
Mexico. 

The course paiallels the winter breeding cycle in Ciudad 
Obregon, beginning in November and ending in May of ,he 
following year. In total CIMMYT now offers seven in-service 
training programs of use to agricultural scientists engaged in 
wheat-related research and production activities. These are: 

(1) Rainfed Wheat Agronomy 
(2) Irrigated Wheat Agronomy
(3) Trainers Course in Production Agronomy 
(4) Wheat Breeding
(5) Wheat Pathology 
(6) Cereal Technology 
(7) Experiment Station Management 



Most trainees spend one crop season in Mexico. The 
largest number take part in the production agronomy courses, 
which stress on-farm research. In addition to planning and 
managing sets of on-farm experiments during their stay In 
Mexico, these trainees help evolve strategies for the organiza
tion of production research systems. Components of such 
systems include ways to develop short-term strategies for 
raising national production and reducing the gap between 
the yields obtained from on-station research and those 

un of Wheat in-urvic tralnm, 19016-79. 
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experienced on farmers' fields. Working with the wheat and 
economics program staff, trainees are developing procedures 
to Identify, survey and process information affecting farm
ing situations, and, through this, to improve the focus of 
agricultural research. 

CIMMYT's wheat breeding and pathology training 
programs have been modified in recognition that experiment 
station conditions in national programs are often substantial
ly different than the facilities encountered at CIMMYT. 
Trainees, therefore, work "off" as well as "on" the stations 
used by CIMMYT in Mexico. These trainees plant screening 
trials on farmers' fields in order to test germ plasm developed 
under "ideal" irrigated experiment station conditions. With 
this focus, trainees get a more realistic exposure of the 
management factors involved in conducting breeding and 
pathology research. Consequently, they come away from 
their stay in Mexico with greater self-reliance in conducting 
crop improvement programs. 

Visiting scientists 
In 1979, CIMMYT brought 24 visiting scientists to its El 

Batan headquarters and some 20 other collaborating national 
scientists to the winter station in Ciudad Obregon. 

do-. 

ound the~t~lfo mevtInorvtln
Eac~h VOCMY 
w~l.Teetctentizti coet IMY ohnt nornatlon.imst CIMMYTr 

germ plasm and to tmcome fililar with the, research p ocedures usedJ by 

CIMMYT sciontlilte in theirwork, 



Some visiting scientists are former CIMMYT in-servicetrainees who return to familiarize themselves with new germplasm and research developments. Others have long been collaborators in the international nurseries network and come tohelp select materials of special interest. Other are government
policy makers interested in understanding moro about thesteps involved in crop improvement and production. 

Graduate student training ard doctoral fellowsDuring 1978-79, with outside financial sponsorship,
CIMMYT is cooperating in the training of nine macier'sdegree candidates iAlgeria, Ecuador, Mexico and Peru); andseven postdoctoral fellows (Morocco, Poland, Sierra Leone,
Syria, Uganda and USA). 

COOPERATIVE PROJECTS OUTSIDE MEXICO 

In 1980, CIMMYT will increase the number of wheatscientists posted outside Mexico, shifting more toward region
al assignments. Staff posted to national programs in 1979 was reduced with the transfer of two wheat scientists previously posted in Algeria. By year's end, CIMMYT had onescientist (in Pakistan) working directly within a nationalprogram. In 1980, a new regional program will begin in Northand West Africa, with heAdquarters in Portugal. In addition,
existing regional programs will be strengthened with the 
assignment of new staff. 

Regional programs
At the beginning of 1980 CIMMYT wheat scientists 

were assigned to the following regions: 
Nunmb of 

Whot rro countie 

Disease Surveillance 22 2"
Ent Africa 17 
Ardean Region 5 1
Southern Cone 6 2 
"Two sci. t lits on loan from the Dutch Govennment as aciate CIMMYT staff In the reglons notd, -

so 



Disease Surveillance regional program 
This program is funded by the government of the Neth

erlands and Is operated in cooperation with our sister Insti
tute, ICARDA. The problems of wheat diseases continue to 
be the major activity for the two scientists assigned to the 
region since 1973. These CIMMYT staff, one posted in 
Turkey and the other in Egypt, cover a wheat-growing area 
which stretches from Morocco in the west, through East Africa 
and to the Indian subcontinent in the east. This area accounts 
for a considerable amount of the wheat production in the 
developing world. The major wheat-producing sub-areas (Asia 
Minor, the greater Punjab of the Indian subcontinent, and 
Mediterranean North Africa) of this region are vast contiguous 
expanses of wheat cropland. 

In addition to the normal regional program activities, 
the CIMMYT regional scientists are working on two unique 
projects: a disease surveillance early warning system for the 
region and a series of in service pathoily workshops con
centrating on practica! field and laboratory methods for 
screening and identification of rsistant hles. 

The surveillance program is gathering regional disease 
information through two widely distrihuted nurseries: the 
Regional Disease and Insect Screening Nursery (RDISN) and 
the Regional Disease Trap Nursery (RDTN). 

The RbISN ismade up of approximately 2.400 advanced 
lines of bread wheat, durum wheat, barley annd triticale origi
nating from CIMMYT, national breeding* programs within the 
region and ICARDA. The nursery is distrihutd in coopera. 
tion with ICARDA to about 50 locations in over 30 countries. 

The RDTN consists primarily of coruiimerrial varieties, 
susceptible check varieties, promisinq adv,inci-d lines with 

new sources of resistance, and differentials for the three rusts. 
In addition to providing cooperators with the opportunity of 
testing their materials in a variezy of disease environments. 
the RDTN acts as asurveillance sysitm for chanmps in pathogen 
races throughout the region. The R)TN is sent annually to 
150 locations in 50 countries of North Africa. the Mideast 
and the Indian subcontinent. The Dutch government has pro
vided a grant and technical assistance to develop acomputer
ized analytical package to process the data reported by col. 
laborators growing these regional nurseries. 

A cereal disese methodology workshop was held for 



national pathologists in the region at Aleppo, Syria, in April 
1979, in cooperation with the Institute for Plant Protection 
(IPO) of Wageningen and ICARDA. In this workshop, lectures 
on theory were followed by practical field and laboratory 
applications. At the end of the workshop, each participant 
received a complete set of pathology research and rust spore 
storage equipment for his institute (courtesy of the Ditch 
government). A similar workshop was conducted in Chile in 
December for scientists from all of South America. 

In addition to a variety of within-regioin training activi
ties, 12 national i:xogram staff membeilrs from the region 
comple-,.ed inservice wheat traininq courses in 1979 at 
CIMMYT. 

Eastern and Southern Africa ictoool program 
This reijion inlides 17 Af;,.an (t nit ries from Ethiopia 

in the north to Lesotho in We south. "oc,.!thvr, thee nations 
produce about 1.5 iilhor tois of wieti, ,'( sufficient to 
supply the d(omnesti.: d nmamrfor vl t, filor Most of the 
small grains are qrovri it, this r ort ti I hiItil.Iid jreas abiove 

1.700 meters altittide; with htavy pwt-sen(' of Siwf (ts, wheat 

disease problems Starl n in 1916. CIMMY I issigerii'i one 

wheat breeder to this iof(, vithtI tiadtlqur tr s ,t the Kenyan 
National Plant Bretin'j Station. N:oro. at 2.3() meters ale 

vation. The! area around Njoi 0 iS c:hara(,triied by virulent 
races of the stem' rust path i,. ri'ceiitly. heavy levels of 

stripe rust have teen present Thi-imakes it an excellent area 
to screen wheats for resistance. 

For many years. the Kenya rjovernment has assisted 
other national breeding prograrms by |lovding land at the 
Njoro station for the planting of "off seaso"' nurseries. 
CIMMYT assists in his off season nirsery program Cloe 
cooperation is maintained in this work with ICARDA, which 
serves many of the national proqrams usinq the off season 
nursery facilities in Kenya 

In 1979. the Dutch qovPrrifuivtit ass(Ined , athologist 

to Kenya to c:ollaborote with the CIMMYT retgiioal pfogram 
as a staff ,stociate. In addition. CIMMYT pathologists 
assigned to the Mediterranean and Asar, rwiional ;rogram 
spend about a rnonth each year in eastern a d southern 
Africa countries, helpi,' to backstoo) the patho~oqy work of 
national collaborators. 

Two nurseries are distributed in this regionil program: 

It 

http:comple-,.ed


tki AlrfrCi C',orative Whe, Yiad Trl4l {ACWYT) and the 

Ent Ai?a-3creenIng Nurnery SfACWYT). 

'4970tnL ded 13 advancedrfSo A)tAYT distribuod 'i; 
I;nes end cMrerIal varieties o', bvud wheat,dunim wheat 

and trridcal. The ;iurery was d;striluted tc 13 lo.,tion: in 
aJ Zambia

the region. '.Prly rosults from Kenya, Tnzanh 

again showe: taz tritiale' were cigntfica tiy hlgl.r in yield 
was t-'so sent to 15

than the b.-eari whmats Th. ACVYT 
Mexiw ,nd Ecuadoroutside Africa, includ~tVc'.,ntries 

source%, o resistan.e to(i;ntRn prodyaml, to ,oelpintrodir' 
hp rust2 fol;2d in Etit Afci',; qnd to 

ts virulent tormi of 
a wider range of conditions and 

test Iis ge-'i ilki in 

disrasss.
 

is a screenini, nursry co;i{irised of
Tbe SNACW\'T 

advined lines from East African r(atic.,'al proire'ms .javmhlcd
 
jes from the Kinya
by the CIMMYT regiorol itaff ai% j,'ec 

In 1979, twe S%-CWY'T incijded 11'
naticual progiam. 

most withi good stem and stripe ,?sistance;bread wheats, 
34 du-um wheats; 52 !c3zicales; and II oats ,clect'cns. This
 

nursery isdistributed Ya the same collabort'o-S as the ACWYT
 

described ibove.
 
prograis withinFour a'ltic.ultural u)fficers from nat'cf il 


the region c(-Tpileted in-service ti=ainir,2 pov:j'am%ir. Mexico
 

during 1979.
 

Andemi reilani prioprm 
n 1i7n6, CIMMYT auigned one wheat scientistBeginnin, 

to waort: with tht' nati,:al 	progr.ns of five countries in the
 
(3,abla, Ecuador, Peru and
Andean rejion fB.,vi, 


ountries Impis'ted nearly 2.5 million tons

Veniezuela). 7h,.'n 

#os of wheat and
in 1979, proJucin; len tha', Y00. 1X)O 


barlay, ,ar below the p:A',Jr.",O putit:i I of the region.
 

Front a ,gtictly hr ,Jiing stindpoint, th: virulent forms
 

of stripe rust and harlot yellow dwarf virus make the area 
lires with greatervaluab.le Jr,Slhal scr-ning efforts for 


reilitance to thtse dix-ew problems. Two regioral nurseries
 

&M pro'sertlf distribiat'd ty the Andean reqional v.oa'am
 
are the Latinits base in hi.liind Ecuiador. Thew,irom 

cnd Observation Nursery IVEOLA)American Wheat bisease 

and the Latin Amcr!.tai ist Nursery (ELAH).
 

iratley 500 varieties andTne VEOLA consists of nppro 
barley and triticale whichadvanced lines o, 3read wheat, 
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originate from national programs In Latin America and 
CIMMYT. The VEOLA is the western hemisphere equivalent 
of the RDISN dex¢ribed previously. The nursery is a co
operative activity of CIMMYTand INIAP, Ecuador's national 
agricultural research institute. In addition to supplying re
gional disease informt-tion, the VEOLA facilitates the ex
change of disease-resistant materials. The outstanding lines 
and varieties grown in the RDISN, SNACWYT and VEOLA 
are included in the following year in the other regional 
nurseries, thus adding to the information on regionally 
superior disease-resistant germ plasm. 

The ELAR contains commercial varieties, disease resis
tant and susceptible advanced lines, germ plasm with new 
sources of disease resistance, and the differentials for the 
three rusts. These materials originate from breeding programs 
throughout the western hernisphere. The objective of ELAR, 
which is simitar to the RDTN, isto survey virulence patterns 
of wheat pathogens, identify disease "hot spots," identify 
race origins of pathogens and serve as an early-warning system 
for new mutations of pathogens. 

Eight Andean region wheat scientists completed 
CIMMYT's in-service training programs in 1979: four in 
wheat production; two in plant breeding aod pathology; one 
in experiment station management; and one in cereal 
technology. 

Southern Cone regional program 
This regional program began in late 1978 and covers 

areas of five Southern Cone countries of South America 
(Argentina, Brazil, Chile, Paraguay and Uruguay). In 1979, a 
two-man regional staff--one agronomist and one breeder-were 
in place, working out of Chile's national agricultural research 
institute (INIA) in Santiago, and in cooperation with IICA, 
the Inter-American Institute of Agricultural Sciences. Much of 
1979 was devoted to discussions of regional research problems 
with national collaborators. 

The proposed program in this region has many of the 
same elements found ;n other regional programs. "T!he special 
emphasis in the Southern Cone isbeing placed on soil-fertilizer 
problems related to wheat, barley and triticale production. 
In particular, the problems of aluminum toxicity and phos
phorus fixation tendencies are a major focus of the program. 
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INTRODUCTION 10 ECONOMICS PROGRAM 

From Its beginning, the economics program has been di
rected towards new ways inwhich research on the farmer and 
his markets could facilitate the development and diffusion of 
Improved agricultural technology. While its objective remains 
unchanged, the program's activities have evolved during the 
1970s, concentrating more on developing analytical tools to 
help guide the design of agricultural research programs and 
accenting more collaboration with biological scientists. The 
activities described below are interrelated but wil! be singled 
out for separate comment. 

Beginning in 1972, aseries of adoption studies examined 
the characteristics of farms and farmers in less developed
countries, analyzing why some farmers adopt new technology
and some do not. Seven studies were made, examining farmers 
who grew maize in Colombia, El Salvador, Kenya and Mexico; 
and others who grew wheat in India, Tunisia and Turkey.
These studies were based on a perception of the farmer as 
one seeking to increase incomes while tending to avert risks. 
The primary conclusion was that,while the farmer isinfluenced 
by a host of factors in selecting technologies, his primary 
decision-m!Jng determinants are his physical circumstances 
(rainfall. soil depth, temperatures), his biological circum
stancds (diseases, insects, other plants and their interactions 
with crops), and his economic circumstances (the alternative 
uses of his resources arid the markets through which he buys 
and sells). 

The adoption studies demonstrated that economists 
could play aclos collaborative role with biological scientists 
early in the process of developing new technology. Under
lying this collaboration was the idea that as farmers assess 
alternative technologies, they are heavily influenced by their 
own natural and economic circumstances; tl'erefoie, research 
aimed at formulating useful technologies must also integrate 
these phenomena. In 1975, we sel out to develop effective 
procedures for systematically identifying the circumstances 
of representative farmers and for incorporating this infor
mation Into action-oriented research programs geared to 
develop new technologies for adoption in the short and 
Intermediate run. Thesi experiences are being syntheslzed 



inco a manual which describes these procedures developed 
in close collaboration with national programs. 

In training, cooperating with the maize and wheat pro
grams, economists work to develop in-service trainees' skills 
in analyzing the fe-tors affecting farmers' decision making. 

As part of our contribution to training, we produced a 
manual to illustrate the formulation of recommendations for 
farmers. This manual, written for agronomists, illustrates all 
steps in deriving "economic" recommendations, starting with 
agronomic data, blending in the relevant economic data, and 
then developing practical recommendations. First published
in 1976, it is now available in English, Spanish, Turkish and 
Arabic, with the French version to follow in 1980. A second 
manual, addressing the identification of farmer circumstances 
and their relevance to planning on-farm experiments, will be 
released in English and Spanish in 1980. 

As interest mounted in the procedures that we were 
developing, we ',cie encouraged to offer a training program
for other economists. In 1979, six economists from developing 
countries joined us as visiting scientists to acquaint them
selves with the ideas that guide collaborative research with 
biological scientists. Their program contains roughly equal 
parts of work on crops and on procedures. Starting in 1980, 
two sessions will be held per year.

Posting regional economists outside Me;fico began in 
1976, when our small headquarters staff (then two) was 
unable to cope with the calls for consulting on economic 
studies within national maize and wheat programs. In 1979,
regional economists were serving four regions. Highlights of 
their activities are included in this report.

Most recently we have turned our attention to policies
which influence the development and diffusion of improved 
technologies and asked: What (1o policy makers need to know 
about farms and farmers in order to facilitate the development
and use of improved technologies? Responses to this question 
were drawn from talks with farmers, with scientists, with 
national agricultural administrators, and with educators. Our 
findings led to the establishment of management seminars for 
decision makers. The first seminar was held in The Philippines
and three or four are planned for 1980. 

D. L Winkelmann 



PROCEDURES 

CIMMYT economists concentrated cunsiderable effort
in 1979 on the development of inexpensive but effective pro
cedures to obtain information on farmerV' circumstances of use to biological scientists in the design of on-farm experi
ments. A manual addressing these issues will be released in 
1980. 

The procedures developed by CIMMYT and national
collaborators were discussed in an April 1980 Workshopattended by scientists from other international institutes and
national programs who are engaged in on-farm research. TheCIMMYT-advocated procedures were endorsed as cost-effec
tive for target crops such as maize and wheat.

Work on refinements in these on-farm research proce
dures will continue in 1980. Of current interest is the development of cost-effective procedures to obtain farmer assess
ments of new technology, before that technology iswidely
extended. This farmer assessment provides a final check on
the appropriateness of recommerdc technology within the
farming systems of target farmers. 

Research prot.edures also are being developed to analyze
relations between farmer circumstances, yield constraints and
agricultural policy. This is a relatively new area of research
 
that appears to be very promising.
 

TRAINING 

The economics staff contributes to total center efforts
in training in four ways: by participating in the Instruction
of maize and wheat in-service trainees in Mexico; by helping
with training on crop management in the region; by aprogram
of visiting economists and doctoral fellows; arid by preparing
materials of special interest to agricultural officers.

Maize and wheat in-service production trainees spend
roughly one-quarter of their stay in Mexico focusing on the
economic aspects of crop production, with particular emphasibgiven to on-farm research procedhJres for aiessing farmer
circumstances. Economists shre in I)lanning farmer inteiviewsand on-farm experiments which are carried out by in-servicemaize trainees in the lowland tropics of the state of ,'arecruz, 



Meylco, and by wheat trainees in the rainfed upper plateau of 

centr! Mexico. This training stresses the importance which 

must be given to farmer circumstances and decision making 

in research to develop improved technologies. 
CIMMYT economists are becoming increasingly involved 

In training activitieswithin the regions where they are assigned. 

The emphasis of these activities, done in collaboration with 

biological scientists, is aimed at refining research systems 

which develop technologies for transfer to local farmers. The 

In-country training activities in 1979, in which CIMMYT 

economists participated, are covered under regional program 

reports. 
1979, the economics staff initiated aBeginning in 

training program for national program agricultural economists 

for inslonal economists[pggtoh traInIng (LIrseTh. economICI wkid b 

9nq9W In on for,,i reewch. I he ernghniv of tht course. held twICS each yw, 

up- I In roseach it) generale moro app-optO IfYWm 

eomwn@iont. 
Is On tesching pirmmiltiro 



who work as part of maize and wheat production research 
teams. Two cycles are conducted each year. The first, for 
agricultural economists concerned with maize production, is 
held in the first part of each year with field work carried out 
in the state of Veracruz, alongside maize in-service production 
trainees. The second course, for agricultural economists work
ing in wheat production research, begins in late April with 
fieldwork done with wheat in-service production trainees in 
the upper plateau of Mexico. 

The visiting scientists who participwd in this program 
were all from developing countries, they will engage in na
tional production rtsearch programs on returning home. 
While in Mexico, they take part in on-farm experimentation, 
conduct interviews and surveys w'th farmers, observe on-farm 
trials, and attend wide ranging seminars on topics relating to 
biological and economic aspects which need consideration 
in the development of improved technologies. 

Three doctoral fellows were also working with the 
economics program in 1979. One, an anthropologist, began 
work in Ecuador 1978 to assess the need to incorporate 
information on diets into the design of research on agricultural 
technologies. Another, a predoctoral fellow working in 
Mexico, is involved in assessing aiternative methodologies for 
undertaking collaborative research and in the training of 
maize production specialists. Another predoctoral fellow is 
working within the East African regional program to train 
agricultural researchers in the on-farm research methodologies 
advocated by CIMM YT. 

Management sem!nar for agricultural decision makers 
The CIMMYT trustees authorized a three-year project 

to organize a series of management seminars for agricultural 
decision-makers from developing countries. These seminars, 
enlisting the skills of outside specialists, are held on a regional 
basis and utilize the "case study" teaching method. By 
presenting several case studies which relate to public policies 
affecting agriculture, the seminar leaders emphi-ze the 
Importance of considering farmer circumstances along with 
biological, economic and political factors when formulating 
agricultural policies. 

The first of these seminars wns held in mid-1979 In The 
Philippines, In association with the Southeast Asian Research 



Center for Agriculture (SEARCA). Eighteen participants
from five countries with diverse professional backgrounds 
and job responsibilities in agricultaral devdlopment activities
attended the seminar. Each case study presented a spec!fIc 
decision-making situation and included background material 
end technical notes describing the dimensions in detail. 
Combining these materials with their own experiences, the 
participants were asked to formulate operational solutions to 
the problem posed by the case. 

Before transferring this project to another institution, 
CIMMYT will conduct several more seminars ir 1980 in Asia, 
Latin America and Africa. Because of the experimental nature 
of the project, several options will be tested in upcoming 
seminars related to case material, mixture of participants, 
supplementary lectures, length of seminar and discussion 
leaders. 

COOPERATIVE PROJECTS OUTSIDE MEX:CO 

CIMMYT's regional economists worked in four regions 
In 1979. These staff members collaborated with maize and 
wheat scientists and economists in nztinal p'ograms where 
they encouraged Interdisciplinary research-in3lviriq biolog
ical scientists and economists-aimed at the development of 
technologies useful to representative farmers. This involved 
br,nging local economists together with biological scientists; 
consulting on the organization of Micro-level research; 
providing financial support for such work where necessary; 
and cooperating in drs'wing out the agricultural policy 
Implications which eme-e from the work. 

In addition to the regionally assigned staff, one econo
mist began working in 1979 with scientists in the Algerian na
tional research program c, a special project aimed at relatliv 
the limitations on yields, evidenced in on-farm trials, to farmer 
perceptions of natural and econo.iiic circumstances, and thean 
to the policy dimensions which shape farmer decision makinJ. 

East African regional program 
The regional economist, supported by funds from 

UNDP, Is working mainly with the national research programs 
In Kenya, Tanzania, Malawi and Zambia. Beginning In 1979, 



he has had the assistance of a predoctoral fellow who isworking with a Kenya training program for farm economists
bngaged with crop scientists in on-farm research.

In two national programs-Kenya and Zambia-a strong
commitment has been made to the on-farm research methodology advocated by CIMMYT; Zambia isdevoloping anation
wide adaptive research team, and both countries are developing the operational procedures and the capacity to conduct 
such programs.

In KenyL, 15 farm economics trainees have been assigned
to various stations throughout the country to work withinproduction research teams, focusing their work on surveys toorient on-farm research experiments. Four training workshopswere held in Kenya in 1979, covering on-farm survey techniques and their use in design of farm-level experiments.
CIMMYT assisted in teaching these workshops, which werealso attended by farm economics trainees from Zambia.

In 1980, a training workshop in on-farm research
procedures isplanned in Zambia. In addition, aManagement
Seminar for Policy Makers will be held in Kenya in May 1980,with participants drawn from various East African countries.Finally, aconcepts and strategies evaluation workshop, related 
to developing national on-farm research programs, will be
held Inearly 1980 for scientists from the region. 

South Asian regional program
A regional economist, supponed by UNDP funding, hasbeen posted to this program since 1978 with the responsibility

of working with scientists from national programs (Bangladesh,India and Nepal) in on-farm research. The emphasis -f thework related to small grains production ison develop;ng andIntroducing triticale for the Himalayan hills. These hills,stretching from Afghanistan to Nepal, are populated by small
farmers and dominated by production environments wheretriticale seems to offer maikled advantages over wheat. This
work was the subject of a regional triticale workshop held In
April 1979. 

The CIMMYT regional economist ard ma..a breeder/agronomist also were involved in on-farm projects In two
Indian states (Uttar Pradesh and Bihar) aimed at Improvingmaize technology. Both are being conducted by local 
researchers. 

It 



Several agricultural economists from this region also 
participated In the visiting scientist training program In 
Mexico in 1979. 

Andean regional program 
An economist was posted to the Andean region in late 

1977 for cooperative research work in Colombia, Ecuador, 
Peru and Bolivia. Thiswork has concentrated on floury maize, 
a dominant crop in the highlands; on wheat and barley, 
secondary crops in highland farming systems; and on tropical 
maize in the costal regions. 

Within the region, two countries-Ecuador and Peru
have made a strong national commitment to on-farm research. 
CIMMYT economists support these efforts through co
operative work to Jevelop and refine rescaich procedures and 
through training cssistance. 

In 1979, two training courses were oftered in Ecuador 
In on-farm research procedures for maize workers. These 
training programs involve three or four "calls" each year in 
which trainees are convened at key stages in the crop cycle. 
For example, trainees were called together at planting, 
flowering and harvest time for specific training segments, 
each lasting from one to two weeks. CIMMYT economists 
and maize staff members assisted in these workshops. Similar 
training programs are planned in 1980 for wheat scientists In 
Bolivia and maize workers in Peru. 

Central American regional program 
The regional economist, assigned in 1978 to this region 

and supported by Swiss funding, has concentrated his efforts 
in Panama and El Salvador, where he is working with national 
collaborators in on-farm research activities. Both these 
Central American countries have made astrong commitment 
to nationwide on-farm research programs. In Panama, the 
national agricultural research institute (INIA'), began Its 
on-farm research in one area (CAISAN) in 1978, concentrating 
on the maize crop and associated rotations. CIMMYT col
laborated with this project, I)artictilarly in the farmer interview 
and b-orvey phases. Next, on farm ex)f'ritrefts were planned 
and Initiated. Tha information gleaned from tl'is area-specific 
project led INDIAP to expand Its on-farm research activities 
to other areas of the country. By early 1980, farm surveys



Informal and formal-will have been completed for 16 
production areas. CIMMYT continues to work with national 
scientists in this program. 

In Ul Salvador, on-farm research activities also have 
expanded nationwide. A full-time team formed by 14 
extensionists and eight researchers, representing different 
disciplines, was assigned rc.ponsihility for this r!'ogram.
The first step-farmer surveys-has been largely carried out,
and CIMMYT has assisted in the development of analytical
procedures to process the ensuing data. 

The regional economist has also assisted the regional 
maize program staff in Honduras and Costa Rica, where 
on-farm research projects are under way. Honduras and Haiti 
will receive more emphasis in the future. Various training
related activities also were carried out in 1979 in several 
countries of the region. 
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EXP NATiON8
 

COAMYT condlucted tosearch at sen *itons In
Mexlo, durlh 1979. Three belong to Mexloo'natlopal
egricultural lt'diaeh institute, INIA, and for' belong to
CIMM .Yt 

MINE 

El Boa 
Final regulation of the drainage outlet for the El Men

station was completed prior to the start uf the 1980 crop
season. Problems of root rots have neceitatatd application of
1 t/ha of sulfur to iii wheat fields during the winter fallow.

All fields hoe been cover-cropped with vetch (V/cle opp. I
during the winter fallow. Garden pea (P/sum app.) has been
used in two fields to permit observation of Its effect on the
reduction of take.all root rot (Ophobolus Sram'nls). Vetch 
has continued to show good tolerance of utrazine reidue in 
maize blocks. 

Heavy frost damuge that occurred InSeptember led to 
some losses Inthe breeding nurseries. 
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Toluca 
The new drainage outlet scheme has been completed 

and has resulted In better use of fields at the lower end of 
the station. The average water table level is dropping due to 
Increased industrial and domestic use in the watershed area 
around the station. This has led to ,acloser look at the effi
ciency of use of irrigation water. 

Vetch and garden pea are being used to cover all fields 
during the winter fallow. Frost damage in September was 
especially severe in maize and triticale. 

Poza Rica 
Soil variability brought about by annual I!oodi;g from 

the San Marcos River continued to influence the results of 
trials in some fields. A by-pass channel for the river was 
completed in July and proved helpful during the September 
flood. 

Herbicide and fertilizer tinals were initiated with the 
objectives of obtaining better weed control, leaving less 
herbicide residues in the soil, arid perinitting more effective 
use of water and fertilizers. In trials completed in 1979. the 
"alternate furrow" irrigation method prove(d superior to the 
"every furrow" method in terms of w;,'uI (ootiol and maize 
yields. 

The search contirued for lequmnes tolerant to atrazine res. 
Idues-for cover croppinq fallowed fields. Caiv.),IIa trisiliens 
In summer and Vic6 si)l.ipnwiltLr showin s)IlPn p roniss. 

Tlaftiuan 
Soil incorporation oft laqasw coutinurud to alleviate the 

micronutrient deficiency hrou(ht about by htih calcium levels 
In the soil, which is derived from limestone. Chlorosis in maize 
plants is now consi(erably reduced and (:an be seen in only a 
few genetic materials ivhen they aire, rqrow in areas where the 
soil parent material is shallow. 

Training 
Two full traininq (omfes' in expr imn, station frafage

ment were (iven (ri;u! 1919. Thr first was hield from March 
to July 197., id the second. froim Spteoiltwr to January 
1979. 

Nine ;x:rsons froin as many develo)in: countries p)Prt;ci
pated in these courses. In October 1979, the training am 



ms changed from El Batan to CIANO, Ciudad Obregon,
Sonora. Several scientists and other visitors interested in 
station management were also accommodated. 

Visits and Consulting 
The Head of Experiment Stations and the Training 

Officer spent 1 1 weeks consulting on problems of experiment 
station development and manaQement in seven countries. 

LABORATORY SERVICES 

The Protein Quality Laboratory and the Plant Nutrition 
and Soils Laboratory continued to provide analyses to all the 
CIMlAY. crop programs in 1979. The activities of these 
labor,t j,c. are described below. (The Milling and Baking 
Lal',rdtoy is described under the Yheat program, page 71.) 

Protein Quality Laboratory 
During 1979, the protein hboratory analyzed approxi

mately 19.500 maize samples, of which 14,000 were maize 
endosperrn samples, for protein and tryptophan. (Measuring 
tryptophan ijvtes an indirect but rather ptreckiw indication of 
the level of lysine, the determirnation of vhich is more labo
rious and oxwrisivo.)

Approximately 5,600 maize whole kernel "mples of 
more advanced rwiterials were evaluated in 1979 for their 
protein quality index. 

The variability in oil content was stjdied€ in one maize 
population to determine how much the oil .)I-t':lt of maize 
can be Increased. 

Analyses for protein content and for protein quality 
ilso were performed on approximately 900 barley. 1,000 tri

ticale and 1,000 wheat samples. Complete amino acid analy. 
m were perfoirmed on approximately 75 Rlected samples 
from the various programs, and 8 samples were tested in 
animal-feeding trials. 

Laboratory training 
CIMMYT staff havo provided assistance to several coun

tries in establishing their own quality lab)ratories to give 
service to national breeding programs. In addition, the labora
tory staff also assist in training pesonnel from national pro



grams in chemical protein evaluation. In 1979, six trainees-
Pakistan (2), Bolivia (1), El Salvador (1), Poland (1) and 
Turkey (1)-spent different periods of time in Mexico. 

Plant Nutrition and Soils Laboratory 
During 1979, 1,150 soil samples were evaluated to 

provide iniormation about fertility conditions and soil man
agement practikes at CIMMYT experiment stations. Some soil 
analyses were also conducted for the production training pro
grams relating to on-farm experiments. 

CIMMYT experiment stations requested that 79 water 
"mple! be analyzed for irrigation quality characters. 

The laboratory also analyzed 409 samples of vegetal 
i sue to determino some yield4imil.og factors under optimum 
dgronomic conditions in relation tu photosynthetic efficiency, 
light competition and plant height. In addition, 343 samples 
of vegetal tissue (leaves, stems and grain) were analyzed for 
nutrient uptake, translocation and storage under different 
fertilization treatments. 

INFORMATION SERVICES 

Thirty-one new publication titles were released during 
1979. The serial, CIMMYT TODAY, was continued with two 
new issues in 1979. In addition, a number of national col
laborators li-ith our encouragement) translated CIMMYT 
publication~s into local languages, printing and issuing them 
under national Imprimaturs; CIMMYT's publications staff 
assisted in these efforts. 

The Commonwealth Agricultural Bureau (United 
Kingdom) issued on behalf of CIMMYT Volume 5 of the 
Maize Quality Protein Abstracts (MQPA) and Volume 5 of 
the Triticale Abstracts (TA). About 650 maize scientists 
receive MOPA, and about 400 scientists receive TA. 

Mailing lists 
About 4,500 names were included on CIMMVT mailing 

lists in 1979. These listirgs are classified accordingly: 24 per 
cent wheat specialists, '22 per cent maize specialists, 43 per 
cent general agriculturr,4ists, 11 per cent libraries; by language, 
62 per cent English ind 38 per cent Spanish; by geographic 
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areas, 10 per cent Europe, 21 per cent North America, 38 per
cent Latin America, 11 per cent Africa, and 20 per cent Asia 
and the Pacific. 

Audio visuals
The video taping unit produced 36 video tape%in 1979 

for the training programs and visitors service unit. A slide
filing/retrieval system was installed. The graphic arts depart
ment and photography unit continued to provide visual aids
and technical photography in support of center programs. 

Visitor services 
In 1979, about 9,000 visitors from 60 countries visited

CIMMYT headquarters. Many others visited experiment sta
tions in Mexico where CIMMYT staff conduct research. Ten
major conference events, each lasting 1 to 10 days, were
handled by the Visitor Services, Over 400 guided tours and
slide presentations were given during the year. 

Library services 
CIMMYT's library (3,465 volumes, 4,204 reprints. 731

serials) continued to offer service to the headquarters staff,
doctoral fellows and trainees. It had 2,600 individual users in1979. The library also has access to the large Mexican Na
tional Agricultural Library Collection. 
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DATA PROCESSING UNIT 

In 1979, data processing began for principal screeningnurseries for each ot the four crops of the wheat program (the
IBWSN, ITSN, IDSN and EBON), using new programs sup
plied from the LISA group of Colorado State University. Inaddition, the various wheat program yield nurseries (ISWYN,
ITYN, IDYN and IBYT) were analyzed as in the previous two 
years.

A complete rewrite of certain components of the maizeprogram package has resulted in greater operating efficiencies
and in the breedefs being offered some new options in analyzing research data from the international testing program.

Outside the international work, three new computer programs have been written and added to CIMMYT's resources.
The first, TABSM, sumnarizes data from simple samplesurveys, and is designed for use on small, simple computers.
It already has been found useful by CIMMYT outreach staff.
The second program is for the analysis of split split plotexperiments of moderate size. Finally, a new program hasbeen developed to hell) breeders select lines, in terms of their 
proximity to the ideal, from multivariate data.

Other aspects of the data processing work, such asthe maize germ plasm bank catalogue maintenance and thewheat pedigree books updating, have continued to run 
smoothly in 1979. 
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financial statement
 

:Wtermous ycia. 

Nxico, D. r., March II, 1910 

To the board ot Trustees of
 
Centra Internactonal de Hojoramleto
 
do hats y Triqo. A. C.
 

In our opinion, the accompanytnq balance sheets and the
 

related statements of income &!.d exponse 
and of changes 

position. expressed I nlited States dollars,In financial 

present fairly the financial ixsltien of Centro Internalcional 

Mal y Triqo. A. C., ICIMP4YTI atdo Mejoramento de 


1978 and the results of its c14&i-December 1, 1979 and 

tione anA the chan,;es in its fli istnal ;.tItlon for the 

years ther, ended. In -onftrmlty witt ,iterail y accepted 

atrountinq pt rlnwll'les ve,-,lvitvntly aijli e,. Out examine

tlone of these statemlets wi re rade lt, a' ,rdancv with 

a,,l &, ,rdIt.ql|v ingenerally avcYpted aijdttI 1t4t ilon 


the liq ti such
eluded such lets A 1 a-erun itj anr,.l other 

au4itin 1iIUtP(:Vdu5 as We (t-nl11iel IV,-04iy1 In lip 

clectmetarcs. 

i1 q41|1 the I urpose #Ifii fr''out esaal&ratilt Wel e Ie| 

out t tqlirol ,n the finoni, Ial st atements, takenformini 

wtvtil. we al, *xaialta the Additional Informattlas a 

to S. *p' l eod In unitedproosited tin Iwhil Ate I 

In Oufstites.dollatl by similar suditin 1 ito'tt utte. 

so 00. gs owm oo e .4*w6 ~.M 0 0U.0 0 040L1 06.411,11 ws O emNo e a" 
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opinion, this additional Information i stated fairly In 

all material respects in relation to the financial state

ments, taken as * whole. Althouqh not necessary for a 

fair presentation of financial poasltion, ra';Its of oper

ations, and chayea in financial position, this informa

tion is presented an additional dai&. 

C..P0iieochd
 



CZNIrRO zTKAuIACOKkAL Dt MZJO"A4ltNT 

InS sAssv. TRIGOA:._C. 

tOrts To THE _INANCIAL 'TAlrrNTI 

NOTE 1 - ETATEMFNT _() I~k,. 

i | IaCentro Inter aL, la mwi a|mieIS;t, tie Kla y Triqo, A.C. CINIT) 

is a private
, 

autonofus. 9-t fi iflt, sclentific and edu

cational flntltutt,,n 0,hrl~es l unde Mslaiari Law 	 tit onliaq 

everywhereIn the Lmprove eIt or matle aid wheat , t ii 


In the wrd, with Oeiphasto ..n *ei.,I ', *e.
 

e,NOTE 3- sUW A TOf SIG.NIrFIANT A f ,('NTlN t (i1t l 

wet |tliat.i. 	 1y the SettarlatCIWTT follows acoiuntir.1'l icle 

of the Coneltative Grouln in tainati'.i .1 A-i.-iItuial Posoagch 

JCGIAlt). an Intatmatlimnal &8a, 141n si,'e.I Ly I he World 

lank, the rood anti A-lticult.ut Ieljaniiat i.n i-t trio Lakit 00tione, 

and the United N41. no (tLevl|,, viet i'-l3iawe-. TIho. 	 1i-11 los 

piro',U'Is'alI l(esl
are in Iact'IdIa" with qtiallly a' w1trP i', 

for not for iiitrJ il t io.aI1t | aicsdap4ii 0l1teiw. 

.1,,Vi tlm'etvll eftS 
4. CIr!? ucI It. aai P.11-1 t aa .uses 


and t Its -if a,| agle 
 ei ., ' I 1. 11411 1 A GneC 

i ll ,Iy ". a'. job- it lea,tlons Ini thel *.l& i dod 

at the rates or eachanqe plevellirq tin the datee they al 

entered into and settled. Asets and labilille demomil-

Rated In such 'uggencies &te tteielate4 Stuo U.s. dollals
 

The iesltling
at the #&to@ prOeVllift4 on closlin dalei. 


tirafletlon dtfferenoee 
 ate applied 	to 11tc'mmi. 

b. Short-tere Investments are elated at o1t, wIh plOes

" The Wlttd u ofre14rl1 

pledgee 1reS"le the utcilected puilrtl of the peteOIt" 

1690al pat Of the lpte"e 41.Pliabule to the areil WOas. 

*. heceaml 	fecolvable-lPl 


106 

http:A-lticult.ut


d. 	Inventories - Amounts are stated at colt (:iret-in,fIrst
out method) no. In excess of market,
 

O. 	yiled assets - Amounts ate stated at acquimitisn cost. Up 
to 1971 all purchases of prolerty and equtiaent were rooorded 
as an expenditure. Z 1172 the Condultative Group requested 
that tha a&qrtcultural ratata ,., q, t*rfits-.ff, then 
eapitalise method of raixidin purchases of prupeity and 
equipment. Aocutdieyly, all property and vqiltriejit purchas
ed under (apital qiante as tge(w Jtn.ery I, 1912, were to
carded as an anse, and credited to ta,ital ,rants. Klplac.-
Sent. and other pitjpetty and e.aJull.ent tuntinuod to toe 
recorded as an experiditunio ta|tie retead atog lam. 

CINiYT'os bulidinre ate *i,,sttucted ,n land owned by the 
Mexican govel vtent, atid will t, olmstl, to the government 

When CINNYT ceases uperattmle in ees). 

t. 	feprociatlon - In accoodance with the writeof, then capto
 
talive method, no depieciation I* provided sto.-! the ase
eels have already tbeen written nff at the time of puirchaeo,
 

9 ueority premiums to which emulovees are entitled after
 
lftee yoars of services, are rocolnsled as expenses a
 

9h premiums ccrue. The estimate of the accrued bone-

Sit determined on the basis or saerles in 
 effect at
 

eer-en aounted to *JJa.33s in 1979 and $lS0,j90 
In 1976 and ClYT? had recorded a tiebiltty of 194.913
 
lot19719 and $70,71 In 197,. The charge to Income
 
for the year aronted to sl.0o00 In toth year@ Inalud

lg 	mSrtisation In 10 yeare of pest services. 

Othr imp~nsati'n, also Waeed an lenglth of service 

whish may became pyabole to amployoe. In scoordaiewo with 
the 11e041ie Labor I&w, In the Ovefit of dimlmsoal or death, 
Is reordfd as an espeonso ur the year in which they be

"" payable. 

As Degmor aI. I 19. ClIIwr bad Ames, p". soete am lisa 

66ltie mtting to P0e14,60,1i ea P64,191,91 1hi4A 

http:fits-.ff


tare Included In the balance sleet at the U.N. dollar equl

valents resulting from applyltq the year-end rate of Ps22.67
 

to the dollar. which 1-revailed luuing the year. 

The fluctuation of tie paso. oritjiated translat'on income 

aggregating $44, 714 in 1979 anG $51,022 in 1971 which are 

Acredita to accuuiated, loans, inInudd iin 'he vwrzulativ. 

translation lose asw)Untinq to 6J74,710 at December 31, 1979 

and $319,504 at ;Jocem~tr )1, 1970. 

WOMI 4 - oPrFPATINu ruNDsi 

The CGIAM permits CI4J4yT to mairtaln in Its capital acoount 

operating funds equal to thirty days of its core operating
 

buqot. Prior to 1979 CIMMYT maintained operating funds of 

forty days and accordingly, in tile year, r#duced its opera

ti" funds to the limit set by the CrGIlA. In addition, prior 

to 1979, operating funds were called working capital.
 

MS- UNZXPtNDt D UNDni
 

Since 1971 CINYT hat been instructed by the lecretarlat of 

the Coneultativetovu l n Interneti nalAgricultural Roorcku 

to use its tore unrestricted unepended funds to fina ce, 

In part, the annual CfTe oI.eratinq budget of succeeding years. 

For this reason CINNT Reqitered a deficit of 'evenue over 

Raponsee and a decrease in unoslended funds in 1971 and 1970. 

This source of financinq will be used again in 1910. Alter 

that date. though. a-tivitile are espected to be finaned 

from revenue received in the yearn 

In 1979. for the first ImAe in ClIMPrY' kietory, a gore wis

reetricted dortof wee unable to fulfill a pledge. Aeerdlgp, 

CM1t? has written off the doRation of 110OO0 and Id&$ 

ehared it against the rurrent rear's oto Valretrited thdo . 

to?
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Location ance elevations of experiment stations In Mexico at 
which CIMMYT c6nducts retearch ( a stations 6f.the Instituto. 
Nacional de Invest Igaclorles Agricolas). 
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