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CIMMYT'S FIRST DECADE, 1966-76, AND PROSPECTS 
FOR THE NEXT 10 YEARS 

The year 1976 marks the end of ClMMYT's first decade and the
 
start of the second. Such a milestone justifies a look backward at

what has happened to CIMMYT and its collaborators, and a look
 
forward at the foreseeable future.
 

In mid-1966-about the time CIMMYT was created- demographers 
counted world population at 3.3 billions. Sometime in 1975 the 
4 billionth person was born, very likely in adeveloping country where 
much of the population growth is occurring. CIMMYT's first decade 
thus coincided with a 25 percent rise in world population and a 30 
percent increase in developing countries. 

Population growth is expected to continue at about the same rate, 
at least for the next decade or two. World population will pass 5 
billions in the mid-1980's and 6 billions before the mid-1990's. 

These facts tell us how many people will sit dowr, at the dinner table 
each night. They provide CIMMYT with its marching orders. Three 
cereals on which we vork-wheat, maize, barley-account for 60 per
cent of the world's cereal production, or half the total calories and

half the total protein consumed in the developing countries of Asia,
 
Africa, and Latin America.
 

People/food balance 
We are asked: Is cereal production expanding as fast as population? 
Our answer is: In one sense yes, in another sense no. 

During the third quarter of the 20th century-1950.75-world 
wide production of cereals maintained an upward trend, per capita.
That means that enough food was produced to feed additional people, 
and to add a littl extra to the diet. On average, families in develop
ing countries were eating a little better in 1975 than in 1950. Of 
course world averages mask the existence of perennial pockets of 
hunger, or temporary areas of distress; but the great majority of the 
2 billion people in developing countries have been better off in recent 
years. 

Now, suppose we look at cereal production in developing countries 
for the mid-1970's compared to the mid-1960's. Recent crop reports 
show that developing countries have been producing 275 million 
metric tons of grain a year from the five major cereals, compared to 



230 million tons 10 years earlier. The increase in grain production 

was 30 percent, just matching the population growth in the same 

counties, and the same 10 years. That is on the positive side. 

But there is a negative side. If we ask how(' veloping countries 

achieved those gains of the last 10 years, we find half the increase 

came from increased land area and halt from increased yields per 

At the end of the most recent 10-year period, developinghectare. 
countries were using 29 million hectares more land for cereals, 

compared with a decade earlier. They had transfe;reo thit land from 

other crops, from pasture, or from forest. 

Yields of major cereals failed to keep pace with population growth. 

Not one of the five major cereals was able to show a30 percent in 

crease in yields during the derwc The best per formance was 

contributed by wheat (23 percent gain in yields). 

More than half the developing countries showed net imports of 

cereals at the end of the 10-year period, and the imports were larger 

than a decade earlier. 

Over the decade ahead, 1976-85 population growth in developing 

countries will again be 30 percent or a little mote, and the food 

requirements of developing counti ins will again rise by 30 percent or 

more, just to maintain the present inadequate diet. 
In CIMMYT's second decade, most of the increased grain produc 

tion must come from increased yields on present cropland. Very little 

new cropland can be opened up, and very little land can be switched 

from othei crops. In fact, some cropland now goes out of production 

and is absorbed into growing cities ,nd towns at a rate excieding 

one million hectares a year. Therefore, the effort to produce more 

food will confiont even greater obstacles in CIMMYT's second 
decade. 

If30 per -ent more grain is to be produced by higher. yields, that 

can be achi,ved only by better technology at the farm level 

Performance of major cereals in developing countries. 

Area (annual)
1961651972-74 

Yield (annuall Production (annual) 
-19-1-65 1972--74 

Cereal 
(million 
ha) 

(milion 
ha) 

Change 
% 

1961-65 
(kg ha) 

1972-74 
(ky'ia) 

Change 
% 

(miliorn 
mm.) 

(million 
. 

Change 
% 

Rice 85 92 8 1626 1866 15 138 172 25 

Wheat 50 62 24 973 1198 23 49 74 49 

Maize 45 54 20 1136 1264 11 51 69 35 

Sorghum 
Barley 

Total 

33 
17 

230 

35 
16 

259 

6 
*6 
13 

643 
937 
-

759 
1057 
-

18 
13 
-

21 
16 

275 

26 
17 

358 

24 
6 
30 

Source: FAO Production Yearbook 1974.
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Wheat and maize: two patterns 
By 1975 Mexican wheats from the CIMMYT-INIA program spread 
across 19.3 million hectares in 15 developing countries, according to 
one survey. Conservatively the short wheats covered 25 million 
hectares in all developing countries by the mid- 1970's, or 40 percent 
of wheat lands in the developing world. The value of the increased 
wheat crop could be placed at USS2000 million per year, using a 
1975 price of S150/ton. 

These are heady results achieved by 15 scientists in Mexico, plUs 
1000 collaborators wno are doing the testing world-wide. plus 
the related policy makers in more than 100 developing counti fIs. 

Despite the progress of CIMMYT's first decade, there , littl 
time for the whea' scientists to rest as we enter the next decade Mex 
ican wheats have been grown largely in areas oi hette, moistute and 
better soils, and planted by better farmers. As often happens, profit
able new technology finds its wiy first to dreas of rouickest p;iyoff 

Looking now at the second decade, the whvat aieas which have-not 
yet benefited from the green revolhtion are often the ar ros with 
less favorable moisture, some with problem soils, some yith difficult 
plant diseases, some with less skilfulI farmers The wheat scieitists 
must run faster in te second decade. if they ,Jie to ichieve the same 
increase of yields which occu1r1rd in the first 10 V,ars. 

The maize experiernce is different. No ri,voltcin in vields has 
occurred across regions. Many scirtists heideve their is rew lechnolo. 
gy of dramatic characte it the, niaizt: progir New evxpei m1ental 
varieties arc on trial in most nationil proiiris lyioj bfisyrtir latitudes 
30'N and 30 S. Thi' latest tests show a sta, tl in super oty of the 

experimental varieties compared .vith traditional variitir's This 
situation can be compared 'n 1962 in the wheat program (year of the 
first setni-dwarf wheat releases), and 1966 in the rice program (year 
IR-8 was releasedl A substantial 'eapforward is possible in th., maize 

program. 
The network of niaize scrirtists in the mid- 1970's is more expert. 

enced than was the wheat network of 1962. The maize network can 
serve as a pipeline for the rapid delivery of this new technology to the 
research stations of developing courtties, and from thete it will pass to 
agencies which deal with farmers 

1976-86 
CIMMYT enters its second decad,: with anumber of strengths. Our 
iuthorized international stalf numbers 58 in 1976, compared with 
eight in 1966. 

Our total financial resources in 1976 exceed USS13.7 million 
compared to less than $1 million 10 years ago. 

INTRODUCTION 3 



Our access to eight fine research stations in Mexico offer better 

facilities than afew years back. 
There are other favorable indicators which are less visible. More 

governments are giving first priority to agriculture. More govern

ments are making policy decisions which directly support the intro

duction of new technology (such as price supports, fertilizer supplies, 

grain storage facilities). 
Scientists employed by national programs are expanding in both 

njmbers and skills. This should continue. 

Industrialized countriPs have assigned more of their sophisticated 

reseatch facilities to work on the problems of agriculture in developing 

countries. 
Overall, this is a machine of many parts, anrl the world is still 

learning how to make the parts run harmoniously, while preserving 

a sense of initiative at every level, which alone can maintain high 

motivation. 
It is both cliche and fact that the two most pressing problems of the 

quarter century ahead are population and food. And the crop 

scientists find themselves at the interface, swept forward by the 

sense of urgency. 

Haldore Hanson 

El Batan 

CIMMYT REVIEW 1976 4 



i ... ... i 


m 



INTRODUCTION 

Maize ranks third among world food grains, after wheat and rice. The 
importance of maize can be measured by the area planted (110 million 
hectares in the world) and by the size of harvest (300 million tons). 

Maize in developing countries 
Half the maize area of the world is planted in developing countries of 
Asia, Africa, and Latin America. But only one quarter of the world 
crop is harvested there. This contradiction is caused by low yields. 
Whereas industrialized countries of Europe and North America harvest 
an average of 4600 kg/ha, the developing countries average only 1200 
kg/ha. 

The low yields in developing countries offer wide opportunity for 
maize improvement. Improvement could benefit at least 500 million 
people who eat maize as their staple diet, either all the year around 
or during one cropping season when other basic foods are not available. 
Moreover, poultry and swine are the chief source of animal protein in 
maize-eating countries, and improved maize production will go partly 
into animal products, thus further improving the diet. 

Constraints in production 
Histori~ally, improvement of maize in these developing regions has 
faced a number of constraints. 

First, wide adaptation was needed. When Columbus found maize 
growing in the Western Hemisphere 500 years ago, ancient travellers had 
already carried maize from its place of origin in the lowlands of Middle 
America to the highest slopes of the Andes in South America and to 
the temperate regions of North America. Maize had proved itself 
more widely adapted to different climates than the other food grains. 
The potential for wide adaptation isstill there. 

However, scientific research on maize improvement during 
1800 to 1950 was concentrated largely in Western Europe and North 

Area and production of maize in 
four regions, 1973. 

Area Production 
(million (million 

Region ha.) metric tons) 

Latin America 27.9 38.9 
Far East 14.6 14.7 
Africa 11.9 13.2 
Near East 1.9 4.6 

Total 56.3 71.4 
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Dowelopingcountriesin wicih 
maiteian importantcrop 

America. Higher yielding materials, with narrow adaptation, were 
developed for each temperate-zone country and locality. By World 
War II it was exceedingly difficult to move these improved maize 
materials back to their tropical homeland. Clearly, improved materials 
are needed for the tropics and these new varieties must have wider 
adaptation. 

Another constraint was plant height. In the tropics, traditional 
maize grows 4 to 5 meters high and often lodges (falls over) before 
harvest. Improved maize in the temperate zone is only about 2 meters 
high. So ashorter tropical plant was needed. 

A third constraint was pests. Diseases and insects are more 
numerous and severe in the tropics. Genetic resistance to diseases and 
insects was needed, and the research had to take place in the hotter 
regions, not in the temperate zone. 

A fourth constraint lay in the poor quality of maize protein. Maize 
contains 9 to 11 percent total protein, but only half can be utilized by 
humans because maize protein is deficient in two essential amino 
acids, lysine and tryptophan. When maize is eaten as the principal 
food, it does nut provide a s, cisfactory diet unless the two deficient 
amino acids are supplemented from other foods in the diet. Such 
diversity of diet is often lacking, especially among low-income popula
tions in much of the developing world. 

A fifth ,onstraint was hidden within the enzymes of the tropical 
maize plant: it is "less efficient." This means that foi every ton of 
dry matter (stalks, leaves, ears, tassel), the tropical plant puts less 
dry matter into grain than improved temperate-zone maizes, and more 
into fodder which humans cannot eat. 

MA IZE IMPROVEMENT 7 
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At the Poza R1cd 
experiment Finally, improvement of maize production requires a trained and 
station, Gonialo efficient work force of scientists distributed among the 55 developing 
Granados ex. 
plains rhe opera- countries where maize is a basic food. An international center like 
tions of the CIMMYT can serve as a "mixing plant" for new varieties of maize, but 
back-up pools. the testing and selection of improved maize must take place in each 

climatic zone where the crop is grown. Hence governments of 
producing countries must share the task, and more scientists are 
needed.
 

In short, the constraints for improving maize in developing coun
tries are numerous: varieties arp.needed that are more stable in yield, 
with wider adaptation, shorter stature, shorter growing period, greater 
resistance to insect and diseases, better quality protein, and more 
efficient grain production. Putting all these steps together is a 
major task requiring more trained scientists in developing countries. 
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Short program history
 
Maize improvement in Mexico had its beginnings in the 1940's as a
 
government program in cooperation with the Rockefeller Foundation.
 
The purpose was to increase food production quickly, with limited
 
resources and personnel.
 

Hybrids were developed first because they offered a potential yield
 
increase of about 25 percent over traditional varieties in the best
 
producing areas. Early Mexican hybrids were outstanding in produc
tion, some comparing favorably with the top yields in North America.
 
But they did not spread in Mexico. Hybrids never covered more than
 
10 to 15 percent of Mexican maize lands.
 

Why? The obstacles slowly became apparent? 
-Producing an adequate suppl' of hybrid seed for 8 million 
hectares of Mexican maize land requires rare scientific manage
ment. In most advanced countries this task is performed by 
private companies. Many developing countries have tried to 
produce hybrid seed through government agencies, and not one 
has equalled the success of Western Europe or North America. 
-Distributing seed to tens of thousands of villages is a vast 
market:nq job. 
-Farmers who traditionally saved seed from one crop to the next 
were reluctant to pay premium prices for new hybrd seeds each 
year. 
-Hybrids gave little added yield unless there was ample moisture 
and fertility. Yet most maize in Mexico was grown by small
holders under rainfed conditions, without fertilizer. 

In other words the whole production package was not adopted by 
the farmers. Similar experiences can now be reported in many develop
ing countries of Asia, Africa, and Latin America. 

Consequently, in the last half of the 1950's, scientists in Mexico 
began putting together genetically diverse maize populations, or 
composites, to supplement the hybrid program. They aimed for 
long-range population improvement and the release of open-pollinated 
varieties that would have yields about the same as hybrids. With 
such varieties, seed can be saved from one crop to the next, and passed 
from farmer to farmer at considerable savings, without the great 
drop in yield which occurs when seed from hybrids is replanted a 

second generation. 
One of the earliest improved populations in Mexico was a mixture 

from the race TuxpeSo. Five kilograms of its seed was sent to 
Honduras in 1961 and that variety now covers the bulk of the Honduran 
maize land. 

At the beginning of the 1970's many populations were undergoing 
improvement in the CIMMYT program, some of them excellent, but 
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National variety release
 
Based on world-wide data and farmer reactions to local demonstrations,
 
each national program decides whether to release and recommend the
 
new variety
 

National demonstration trials
 
National programs alone decide whether an elite experimental variety
 
justifies wider demonstrations on farmers' fields. CIMMYT can supply
 
up to 49 kg of seed, and each government further increases the seed.
 
In larger countries, demonstration trials take place at thousands of
 
sites.
 

Elite experimental variety trials
 
Again drawing upon reserve seed, CIMMYT in Mexico ships enough
 
sets for trials to about 125 sites the following summer season. For
 
the first time, some trials are held on private farmers' fields. 

International experimental variety trials
 
In Mexico during winter season, CIMMYT staff inter-cross the 10 best
 
progeny Iinir each sift! kjig iuserve seedrand thf, trnilorri
 
mating method, to produce air ixperlinirental variety which will be
 
tested by collaborators at 20.25 sites, world-wide, during the following
 
summer 
season. Data from these 20-25 sites determine the following 

year's elite exspe mental varieties. 

International progeny trials 
The 250 progenies from each population are sent to collaborators at
 
live sites, world-wide, to be grown in 250 5-meter rows, with six
 
local checks, forming a 16 x 16 lattice. Ten best progeny are
 
identified by the collaborator at each site, to form one experimental
 
variety for the following year. 

Advanced populations in Mexico 
Here materials continue to be grouped by agro-clirates, but unlike
 
the pools, the populations have completed generations of selection
 
for better plant type, better disease and insect resistance, better yield.
 
These populations are grown in Mexico, and 250 superior families
 
(progeny) are selected from each population for international testing
 
once a year.
 

Back-up Pools in Mexico 
Here germ plasm is classified into 34 pools Igenetic soups) according 
to agro-climatic characteristics, grain types, and length of growing 
season. Thee are 12 pools for the lowland tropic,, 14 
poc's for the highland tropics, 8 pools for the temperate zone. Back-up 
pools ,re grown twice a year in Mexico, using half-sib (half sister) 
selection method, and seed fron a few superior fannilies moves up 
annually to adivanced populations. 

New germ plasm 
The Germ Plasm Bank in Mexico contains 12,000 accessions (varieties, 
tnes, wild types) which are continuously being classified for economic 
characteristics. 

International introduction nurseries consist of improved materials 
from other countries, newly arrived in Mexico. 

Each year the best new materials are added to the Back-up pools. 
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most were still neterogeneous in economic characters, and not suf
ficiently stable for farmer use. Not until 1970 did CIMMYT acquire 
its tropical base at Poza Rica, Veracruz, and the stage was set for 
rapid progress. 

CIMMYT spent several more years (1970-73) improving these 
populations, then took several decisive steps leading to the present 
maize program: 

-Populations which had been improved were classified by major 
agro-clirnatic regions and grain type, to meet the requirements 
of farmers in the various producing regions. Wherever a gap was 
found (a maize environment not yet served), the formation of 
a new population was begun. 
-Widespread testing began for CIMMYT's best germ plasm start
ing with the range of climates in Mexico (sea level to 2600 
meters), then in the major producing regions of the world. 
-To make certain that superior new germ plasm was entering 
these trials, 34 pools of germ plasm were organized in Mexico to 
feed tested and classified materials into the advance populations. 
-Finally, CIMMYT's maize staff was reorganized into groups 
which were relabelled "advanced unit" and "back-up unit", 
to give adequate attention to each of these steps. 

The rest of this story on program evolution concerns the results of 
international testing during 1973-75, aprocess which will reach a climax 
in 1976, with the testing of the first elite experimental varieties at 
more than 100 sites around the world. 

Procedures for new varieties 
The process for developing experimental varieties will be treated here 
only briefly. 

CIMMYT selection for better maize can be compared to the steps 
which a government uses when it selects its national football (soccer) 
team for international competition. 

First come the tryouts for unknown and untrained players. They 
are tested against each other. A few are truly superior and are sent to 
training camps where they mingle with more advanced players, under 
the eye of the coaches. 

Next, the pool of players is subjected to regional and national 
competitions, and exhibition matches with other lational teams. 
After each test some players are dropped and oth,rs promoted. 

Finally the international test matches begin, a~id after many contests, 
the greatest team becomes champion. 

By similar process, CIMMYT begins its tests with raw germ plasm 
from the world seed bank, and with tests for improved materials 
newly arrived in Mexico from national programs. A few survive these 
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Agro-climatic characteristi4;s considered iHclassifying maize gene pools. 

Duration ofMaturity Altitude Temperature Days to crop growth 
range meters Latitude (Mean of main growing seasont silking days 

Tropical-Subtropicallowland 
early 
medium 
late 

0-1600 
0-1600 
0-1600 

0.300 N-S 
0-300N.S 
0.30 N-S 

25.28'C 
25-280 C 
25-28 0 C 

Up to 50 
50-60 
60 + 

90-100 
100-110 
110-120 

early 
medium 
late 

1600 + 
1600+ 
1600+ 

0-30ON-S 
0-30ON-S 
0.30ON-S 

Tropical highland 
15-17'C 
15-17 0 C 
15-17'C 

Up to 70 
70-95 
95-120 

Less than 130 
130-190 
190-240 

early
medium 
late 

0-1600 
0-1600 
0-1600 

30.40°N-S 
30-40 N.S
30-40'N-S 

Temperate 
20-22.C 
20-220 C 
20-22'C 

Up to 60
60-75 
75 + 

100-120 
120-150 
150 + 

tests and are promoted to the back-up pools. 
Next come more trials and more elimination, each with stricter 

criteria, until a stage arrives at which the 10 best families (progeny) 
have been identified in one advanced population, through international 
competition. This stage is comparable to the naming of one national 
football team. 

The 10 progeny are intercrossed by CIMMYT staff to make one 
homogeneous experimental variety, and this variety is tested against 
100 to 150 other experimental varieties, first at 20 to 25 locations in 
the world, then at 100 to 125 locations. The materials which 
survive this final elimination contest are comparable to international 
champions. Governments are free to release the champion materials to 
farmers. 

Graphically, the CIMMYT elimination process can be shown in the 
form of pyramid of eight steps leading to the best elite experimental 
varieties. The pyramid process is repeated every year as acontinuous 
flow, and experimental varieties emerge from the top of the 
pyramid in annual procession. At present, the advanced populations 
may generate as many as 150 experimental varieties a year. These 
will be reduced to no more than adozen elite experimental varieties 
for the following year. Different governments may release each of the 
elite varieties, to farmers depending upon their performance in competi
tion with local varieties. 

Over time, progress at CIMMYT can be measured by each year's 
elite varieties compared to those of previous years. Every year the 
elite varieties should be better than their predecessors in disease 
and insect resistance, range of maturity, and yield. 

MA IZE IMPRO VEMENT 13 



1975 INTERNATIONAL TESTING 

In March-April 1975 CIMMYT air shipped 174 experimental variety 
trials to collaborators in 41 countries. At the same time, seed went out 
from Mexico for progeny trials at 138 sites in 21 countries. By 
December 15, 1975 (cutoff date for publication of preliminary "esults ), 
CIMMYT had received data from one-third of the experimental 
variety trials; and almost half the collaborators in the 1975 progeny 
trials had either sent in data or cabled their selections of the 10 best 
progeny. These selections are used to form experimental varieties for 
1976. 

CIMMYT was able to publish the preliminary results of the 1975 
trials within the year in which the trials were grown. This permits both 
the national programs and CIMMYT to plan their 1976 testing from 
the preliminary results of 1975. 

The final report for 1975 will appear in mid-1976 and will include 

International maize trials 1975 and 1974. 

Region and nation 
1975 

Progeny tria
1975 Exp. 

ls Var. trials P
1974 

rogeny tria
1974 Exp. 

ls Var. trials 

Latin America & Caribbean 72 109 90 37 
Barbados 0 0 0 2 
Belize 0 1 0 1 
Costa Rica 4 4 2 2 
Dominican Republic 0 4 2 0 
El Salvador 4 7 2 1 
Guatemala 7 6 6 1 
Haiti 0 4 0 1 
Honduras 5 4 5 2 
Jamaica 0 4 0 1 
Mexico 39 24 50 6 
Nicaragua 4 4 3 1 
Panama 3 4 3 3 
Argentina 0 2 0 1 
Bolivia 0 14 0 2 
Brazil 0 6 0 5 
Chile 0 1 0 0 
Colombia 2 9 14 4 
Ecuador 4 4 3 2 
Peru 5 5 0 2 
Venezuela 5 2 0 0 

Tropical Africa 20 29 11 26 
Cape verde 0 0 0 1 
Ethiopia 0 1 0 1 
Ghana 0 3 0 2 
Ivory Coast 5 4 0 1 
Kenya 0 4 1 2 

continued 
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late-arriving data; results in the final report are not expected to alter 

the preliminary findings, but should augment the analysis. 

Speedup of the report was made possible by many factors: 
-Air express shipments of seed reached most collaborators 

before their normal planting date. 
-CIMMYT staff visited most collaborators during the trials and 

helped "read" the experimental crops. 
-Collaborators cabled their observation data to Mexico. 

-CIMMYT pre-programmed the trials on computer, and inserted 

the data as it arrived. 
-The preliminary report was issued 2 weeks after the closing 
date. 

Some further speedup of international trials may oe possible in 1976, 

but there will normally be slippage affecting perhaps 50 percent of 

the trials caused by difference of planting dates in different climatic 

zones, by abnormal local weather (drought, flood, frost), and occasional 

International maize trials, continued. 

1975 1975 Exp. 1974 1974 Exp. 

Region and nation Progeny trials Var. trials Progeny trials Var. trials 

0 0 10Malawi 0 
Mozambique 0 3 0 0 
Nigeria 6 3 5 3 
Tanzania 9 6 5 3 
Zaire 0 4 0 2 
Zambia 0 0 0 1 
Central African Republic 0 1 0 0 

Mediterranean/Mideas t 9 10 8 5 
Egypt 5 4 5 2 
Iran 1 2 0 3 
Turkey 3 2 3 0 
Yemen Arab Republic 0 1 0 0 
Algeria 0 1 0 0 

Asia 27 26 44 16 

Bangladesh 0 2 0 0 
India 12 5 17 5 
Indonesia 0 1 2 0 
Khmer 0 1 0 0 
Malaysia 0 0 0 1 
Nepal 0 7 7 3 
Pakistan 6 4 11 2 
Philippines 5 3 3 1 
Thailand 4 3 4 4 

0Other 0 0 1 
USA 0 0 1 0 

Total 138 174 154 84 
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failures of air delivery. Trials which produce delayed results are still 
of great value, because they enable each collaborator to relate his local 
observations to the world data. 

Experimental The 1975 experimental variety trials showed some remarkable results. 
variety For example: 

trials -Out of 53 experimental variety trials reported to the end of 

1975, 30 trials contained experimental varieties which outyielded 
all local checks (usually best local varieties). The experimental 
varieties also equalled or bettered the checks in all agronomic 
aspects. The table shows some examples. 
-Results of the trials lend support to the strategy that experi
mental varieties developed from progeny selected in one part of 
the world can give outstanding performance in other parts of 
the world. Hence, international collaboration should accelerate 
the development of better varieties with wider adaptation. 
-Based on the 1975 experimental variety trials, nine nations 
requested CIMMYT to develop elite experimental varieties for 
their use in 1976. Part of each elite trial will be grown on 
private farmers' land. Normally, testing on private lands is a 
step preparatory to release of a new variety. 
-About a dozen nations have reorganized their national maize 
programs to follow the pattern of trials which CIMMYT is now 
using, including the development of experimental varieties. This 

Some results of International Experimental Variety Trials 1975. 

Trial 
Testing site no. 

Nepal, 
Rampur 11 

Ivory Coast, 
Ferkessadougou 12 

Panama, 
Ceiat 13 

India, 
New Delhi 13 

Costa Rica, 
Guanacaste 14 

Guatemala, 
Cuyuta 14 

Turkey, 
Samsun 16 

Nepal, 
Khumaltar 16 
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Increase of 
experimental

Experimentbi Variety Best check variety over 
Name 

Amarillo dentado 

Maquina 7422 

Tocumen 7428 

Yusafwala 7428 

Yusafwala 7435 

Yusafwala 7435 

Pirsabak 7448 

Pirsabak 7446 

Selected in Yield, kg/ha yield kg/ha best check,% 

Mexico 4100 3700 8 

Guatemala 8700 6200 41 

Panama 8100 6900 18 

Pakistan 4200 1900 117 

Pakistan 4000 1600 151 

Pakistan 1700 1100 54 

Pakistan 7700 6900 11 

Pakistan 5700 4500 25 
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has occurred in Zaire, India, Pakistan, Nepal, Thailand, Egypt, 
Tanzania, and six countries of the Central American region. 

This change of procedures at the national level makes it easier for 
comparisons to be made with international materials. And ultimately, 
as stronger national programs develop their own experimental varieties, 
it is safe to forecast that national varieties will flow into the internation-

Frequent discussionamong members of the maize staff isan integralpart of the
maize improvement process. From left, John Vessey, Gonzalo Granados,
Surinder Vasal, and Ernest Sprague. 
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Mario Martinez of the Mexican extension service describes an on-farm trial 
conducted co/labora tively with C/MM YT. 

al testing program, and some will be better than those produced at 
Cl MMYT. 

Competition will benefit all collaborators. 

International Reports received from collaborators who grew 138 progeny trials in 
progeny 1975 were exzeedingly favorable. Each collaborator received 250 

trasprogeny from an advanced population, which he tested against the 
best local varieties (checks), and trom the results, he chose the 10 best 
progeny. Each set of 10 best isbeing inter-crossed by CIMMYT in 
Mexico during the winter season of 1975-76, to create experimental 
varieties for 1976. 

Certain of the 1976 experimental varieties should lbgain be out
standing, if they live up to the performance of the 10 progeny from 
which each iscreated. 

For example, 80 percent of the collaborators who grew the pro
geny trials in 1975 found the mean yields of the 10 best progenies to 
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be significantly better than the best checks. The superiority in yield 
was within 10 to 20 percent at most sites. This gain in yield should 
be reflected in the 1976 experimental varieties. 

Moreover the 10 best progeny had shorter plant height, compared 
to the best checks, at 90 percent of the test sites The best progenies 
were sbirter by 10 to 80 centimeters at most sites. Days of growth 
from planting to silkin'i were about equal between the best progenies 
and the best checks. The best progenies generally had less lodging, 
less ear rot, and less leaf disease, compared with the best check. 

Each of these superior traits should be retained in the 1976 ex 
perimental varieties. 

FLOW OF NEW GERM PLASM 

Each year some new germ plasm of superior quality is added to the 
advanced populations. The back-up unit is responsible for the 
selection process. Highlights of the back-up operation in 1975 are 
reported here. 

Flow from 
the bank 

About 40 accessions in the gyi m plasm bank having characters especial
ly needed in the back-,p pools were crossed with materials in the 

pools during 1975; pr)geny will be observed before the best are in 
corporated into the pocls. This process will be repeated each year. 

Introduction Hundreds of materials newly arrived in Mexico from national programs 
nurseries were planted in observation nurseries in Mexico during 1975 and the 

best 5 to 10 percent were moved directly into the back-up pools. New 
materials are especially needed for earliness and disease-insect resistance 

Flowto advanced Four out of 14 tropical back-up pools were tested in 1975 From each 
populations population 250 superior families were selected, and yield tested at 

three locations in Mexico. The best families will be used to generate 
new advanced populations. In 1976 this process will be repeated with 
three temperate pools, which will be tested both in Mexico and at 
ICRISAT in India. The 50 to 100 best families across sites will be used 
to generate new advanced populations for temperate regions. 

Early pools Tropical pools for early maturity have not proved early enough to meet 
the needs of CIMMYT's breeders. To upgrade the germ plasm, these 
pools were crossec in 1975 with a mixture of families from advanced 
populations, having earliness and matching grain type. The best early 
progeny from these crosses will be selected from the F,'s in 1976 and 
used to reconstitute the tropical early pools. 
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Highland pools 	 Advanced populations of highland types which will be formed in 1976. 
The best 250 families from five of the highland pools were selected in 
1975 and will be yield tested in 1976 at two highland locations in 
Mexico, one in South America and one in Africa. 

GERM PLASM BANK 

A germ plasm bank is aservice unit for researchers. The bank unit 
collects and stores seed, regenerates seed, tests and catalogs seed, and 
ships seed to users. 

Collection and The 12 000 items in the CIMMYT bank were gathered mainly by an 
storage agency of the Mexican Ministry of Agriculture during the late 

1940's, and early 1950's under a project financed by the Rockefeller 
Foundation. Over 90 percent of the collection consists of the species 
Zea mays L. the collection also contains near relatives including Zea 
mexicana, Zea perennis, and garden in which CIMMYT maintains most 
of the species of Tripsacum (a relative of maize). 

The bank is held in concrete chambers at a temperature of 00 C. 
There are over 18,000 labelled storage tins of 2-liter and 4-liter capaci
ty containing 39.5 tons of seed. The tins are arranged on steel shelving 
like library stacks. 

An inventory of the collection has been recorded on a computer 
so that the name of each entry, its species, country of origin, current 
quantity of seed and the location of its storage tin, can be found 
easily. 

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

Regeneration 	 Fresh seed was grown for over 8000 bank items between 1969 and 
1975. Over 90 percent of the bank now consists of seed less than 7 
years old. About 600 items must be increased because their seed 
supply has dropped below 500 grams. 

Classification and Over 8000 of the bank items have been documented for agronomic 

cataloging characteristics, and 3000 of them tested in replicated yield trials. 

These data are being assembled in a catalog to be published in 1976. 
In preparing the catalog, CIMMYT collaborated with the U.S. National 
Seed Storage Laboratory and the International Board for Plant Genetic 
Resou rces. 
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Shipments to CIMMYT offers free samples of seed from the bank to all research 

clients organizations. From 1966 to 1975 the bank made 588 shipments to 

80 countries, representing almost 25,000 seed items. During 1975 
alone there were 71 shipments totalling 5250 seed items. 

A large backlog of maintenance work and classification for the bank 
was completed during between 1970 and 1975, and in future years, 

CIMMYT expects to fulfill its role as caretaker of the world's largest 
maize collection. 

SPECIAL RESEARCH PROJECTS IN MEXICO 

When CIMMYT identifies problems or weaknesses in the genetic material 
that might be corrected genetically it establishes a special project. 
As an example the height of all CIMMYT tropical maize material has 

been greatly reduced, but just how short tropical maize could be or 
what the optimum height of tropical maize should be is not clear. 
Therefore, a special project was started in one population to select for 

reduced height to provide an answer to these two questions. The 
conclusions will then be applied to the total program. Also, the 
product of this study may serve as a parent to change height in other 

materials more rapidly. 
At present CIMMYT is working on four special projects for shorter 

plant height, shorter maturity (days of growth from seeding to maturi
ty), wider adaptation, and greater plant efficiency for the tropics. 

Reduced plint Over 12 generations since 1968 CIMMYT has shortened some varieties 

height 	 of tropical maize by 1.0 to 1.5 meters, to the approximate height of 
"corn belt" maize. Now a special project has been created to determine 

how far the shortening process can proceed without adversely 

affecting yield. 

So far, reduced plant height has reduced lodging, and the shorter 
plant has been found to tolerate denser plant population. These 
two factors have added an extra 2000 kilograms of grain per hectare. 

Shorter maturity 	 Some of the best tropical maize populations in Mexico are slow to 
mature and fail to fit into the cropping rotations of other maize 
growing regions of the world (for example, a rotation of rice-rice-maize 
within 12 months in Southeast Asia). This problem is approached 
by pooling available short-season materials, intercrossing them, and 

selecting for earlier maturity in agronomically desirable plant types. 
The growing period of some advanced populations in Mexico has 
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Selection fortoeen shortened by 7 days between seeding and flo sering. 

still shorter maturities continues. 

Wider Eight years ago aCIMMYT breeder began crossing maize materials 

Adaptatios' from widely differing climates (for example, Western Hemisphere 

varieties from Northern Canada, the equator, and southern Argentina). 

Because of diseases and daylength sensitivity, cold climate varieties 

initially would ;ot set seed in the lowland tropics and vice versa. 

~A 

4_71 

-From arnon, 
thousands of 
ears, only a few ? 

will be chosen 
to be planted i 

"
 
the next crop 
season. 
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Now, after eight cycles of intercrossing, the mixture is satisfactorily 
setting seed in all climates. 

The best progeny from this material can now be used as donor 
parents to transmit wider adaptation to advanced populations. 
It can also be used as a vehicle for transferring new genes to nearly 
any place in the world. 

More officient CIMMYT researchers have discovered that tropical maize producestropical plants about as much dry matter as the temperate corn belt plant The 

difference in grain yield is caused not by heat and humidity or low 
liyht intensity, but by inefficiency of the plant (it devotes more 
energy to fodder and less to grain) 

CIMMYT is selecting for a change in three characteristics which 
distinguish the tropical plant: tall stature, large tassel, and greater 
foliage above the ear. In other words, CIMMYT is selecting to 
alter the tropical maize plant to be inmore hke the temper,ij plant 
the hope that this will make the tropical maize plant more efficient 

CIMMYT shortened the tropical plant but this alone did not 
increase the efficiency of the individual plant (although the bility 
of the shorter plant to tolerate higher density of planting has added 
potential yield per hectare). 

Now CIMMYT has created a special project to reduce tassel size 
and reduce the foliage above the eari. Within a few years a modified 
plant should provide the Jrnswer whether less fodder production 
means more edible grain. 

CIMMYT believes each special project should provide usable tools 
for maize research within a reasonable time, or be modified, or 
dropped. 

PROTEIN IMPROVEMENT 

Protein is unsatisfactory in most maize. In a commercial maize crop, 
protein ranges from 9 to 11 percent of the grain weight, which is 
adequate for balanced humarl nutrition if all of it could be utilized. 
But maize protein is low in lysrne and tiyptophan, two essrntial 
amino acids. Because of inadequate lysine and trypt:)pharil the body 
can utilize only half the protein in noirnmal maize. Lvsirt is typically 
2 percent of protein in normal maire, whereas 4 peicent would be 
needed to permit use of all the protein. 

Scientists at CIMMYT and elsewhere have been workirg for a 
decade on the problem of poor quality maize protein. 

Maize protein can be Improved bv, introducing various genes, but 
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the added genes bring undesirable effects which have not yet been 
fully resolved. 

One breeding approach is through opaque-2 mutant gene (the 
name comes from the appearance of the kernel), but opaque-2 maize 
has serious defects: yield drops because the opaque-2 maizecontains 
a soft endosperm which weighs less than the endosperm of normal 
maize; most consumers of maize are reluctant to accept opaque-2 
maize as a food because of its appearance; adequate disease and insect 
resistance has not been obtained in the newer quality protein maize. 

Since 1969 CIMMYT breeders have been selecting opaque-2 popula
tions with modified hard endosperm, normal appearance, resistance to 
ear rots, and.higher tolerance for stored grain insects. This is a 
slow process. 

Continued steady progress was indicated by international maize 
trials in 1975 which confirm the following status: 

(1) CIMMYT now has at least one opaque back-up pool or opaque 
advanced population which equals or surpasses in yield the best 
normal maize checks in each-najor climatic zone (lowland tropics, 
highland tropics, temperate zone). 

(2) When 23 experimental varieties carrying opaque-2 gene were 
tested world-wide in 1975, their yield averaged 101 percent of the best 
normal check (without the opaque-2 gene). 

Breeders estimate that correction of the susceptibility to ear rots 
will add another 5 to 10 percent to yields. 

CIMMYT has entered into collaborative research with the 
national programs in Philippines, Nepal, Zaire, Tanzania, Ghana, 
Ecuador, and Guatemala. Each is committed to the development of 
open-pollinated opaque varieties suitable for its own agro-climates. 

Floury maize In highland locations, particularly in the Andean region, farmers prefer 

conversion maizes that have soft endosperm and large kernels. These are called 

floury maize. In 1975 CIMMYT crossed 21 floury maizes with sources 
of the opaque-2 gene. Since the floury kernels have the same opaque 
appearance as opaque-2 kernels, the ninhydrin test (chemical laboratory 
test) is used to select segregating kernels that contain the opaque-2 

mutant gene. 
A composite was formed from opaque-2 floury-1 crosses thatx 

were made in 1974. Selected ears from this composite were shelled and 
the largest kernels from each ear were planted in 1975 to obtain a 
second cycle of recombination. Several more cycles will be needed to 
judge progress. 

Sugary-2 Scientists at Purdue University (USA) have found that the double 

conversion mutant sugary-2 x opaque-2 has several advantages over ordinary 
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opaque-2 maize; for example, hard endosperm, good digestibility, good 
biological value, less ear rots, and less damage from storage insects. One 
disadvantage is the small size of the kernels which causes lower yield. 

Crosses have been made and some segregates reached the F2 
generation in 1975. This breeding approach is still at an early stage. 

Protein outlook 	 Little maize has been planted commercially with high quality protein. 
U.S.A., Brazil, and Colombia have released opaque-2 hybrids which 
are grown mainly for animal feeds. In the U.S.A. less than 200,000 
hectares of opaque-2 maize is grown. 

CIMMYT believes that a breakthrough on commercial use of 
high quality protein maize will come only when a variety cart ying the 
opaque-2 gene, or its equivalent, shows yields and agronomic per 
formance equalling or surpassing the existing normal varieties, and the 
protein quality is a bonus. 

DISEASE AND INSECT RESISTANCE 

The plant protection staff (pathology and entomology) work as part of 
the inter-disciplinary maize team. 

Companion To determine how each family of maize reacts to high levels of 

nurseries disease and insect attack, the CIMMYT staff plants along side each 

trial of advanced populations, a "companion nursery" which is 
subjected to severe attacks by diseases and insects. The procedure is as 

follows: One h,if of each tow in a compaion nursery ts ,xposrd 
to natural insect infestations and the "ither half of the tow is ,noculated 

with spores of pathogens for the most destructive diseases of maize 
in Mexico. ClMMYT staff scoris each row for insect damage and 
for disease ieaction. Rows which show the giedtLtst toler ance for 
diseases and insects are ;etained for suceeding generations. Under 

selection pressure, the maize populations should gradually increase in 
resistance to common diseases and insects 

Insect rearing Millions of insect egij are required for delibeately infesting the 

laboratory companion nurseries. An insect-rearmng laboratory has been 

developed which has the potential to produce 500,000 egg mass,'s a 
year, from four insect species, sufficient to infest all the maize 
progenies at CIMMYT stations. The species art! (1) fall immy worm 

(Spodoptera frugiperda) (2) maize ear worm (HehlotrIszal) (3) the 
sugarcane borer, (Diatraeasaccharalhs) and (4) the neo-ri opical ber e 
(Zeadiatrea lineolata). These are the most widespread pests affectig 
maize in Mbxrco and the tropics of the Western Hemisphete 
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In 1975 CIMMYT inaugurated a new building for insect tearing, 

which was built and equipped at acost of USS100,000. It contains 

12 chambers with controlled temperature and moisture permitting 

egg masses to emerge at the right time for infesting each maize 

experiment. 

Collaborative Three damaging diseases of naize and sevet al insect pests of maize, 

research none of them prevalent II MexICO, ate found o Iargqe ateas of the 

world. The exotic disease are dowly mildew (Stleosporaspp), a 

V Indonesia to Inili, alldfungus diseaSe found man1111li Asii front 

rapidly spreading to other Coitinitb, narze streak vir S dtsmniriated 

by a leafhopper oluhw found liOl Af icj, ard coin(lica sppl) ,it (ici 

stunt disseminated by i leafhoppor Dlhiluhis spp) in tup~ii', Latin 

Amer lcan COLnt IeS. 

rIddlitioir, "'oticiswct- ite the diflerernt species of Ai lca, 

nOilCz. borer coniijlih ,ri(l tfe , iin mal' h)o;ir coniplhx 

To Idfernitify niai/t, vith (lilitti;,itciOue'to these- disetss ind 

insects, CIMMYT has ritiried Into collabor;ative research with strong 

nationail plorms iii iw, aw . thit, lrobilts at most Irtenise 

For examplo, it 1975 CIMMYT snt seed foi 4000 txpti ,mental 

lint's of milal, t ' () !i , locations ii) the world. Two sets weit t( 

Thailand and the Pnihippiis i, o to tl roifilt >vvrY nidi'w. two, ,is 

to Niger a and Tanzania, to !e tested for irsistance to riae/ streak; 

two sets went toi Nicaragua and El Salvador, to he tested fnr resistance 
to stunt The SLu)ert' lines ,re rttIrLIfMPe to CIMMYT wfrt they are 

recombined and new progeny renerited fo the same test Irnthe eixt 

year 

CIMMYT expects to achieve strong resistance to the thire diseases 

and to combine the resistance into the Irnproved populati 111 of maize 

for the tropics. 

Insects in A scientist fron the Tropical Stored Products Institute in U K. spent 

stared grain 2 years at CIMMYT 1974.75, studying insects which attack ,toied 

maize. 

One set of studies irivestlgated th, susceptiblity otf nal/e kernels to 

attack by two common storage insects, Sitohi/us zeanwis and 

sitotroga cerealella, using the followinq procedure. Twenty to 35 

maize populations, Including soft endosperm opaque-2 maizes wet, 
rated for susceptibility to the two instcts The same populatlons wete 

rated for various physical and chemcal propurties. The best statistical 

correlation was found in tota! protein content of the ket nel. The 

higher the total protei, the lower the suscepti)ility to the Insects. 

Neither hardnless of kerniel nor protein content of endosperm was as 

well correlated. Scientists speculate that high total protein must be 
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Tkkuni Iiuno, C/MM Y Ita i nt'n,rf t ra Iii,ri.'t'I ,,i PaA ,str,, ,Jn , 

Briddetrihdyc~n. ,ixglst,iflt iI~rrCtutI[; i I l r tlt t,i J/i,t 	 II , i I JtllL 

P,*,t Rs(, tilpit,,, it,AgIriculture. pis tfis ' clrii t h.r id'sJurluiq i ruur~ ! thr1 

p/lits. 

some unlknownl factor whichb r:oirfii S ri:sIitaitcilinked to the level of 
o husk ~over was developIn another study a visual adtig system 

ed and tested. a physical tl u(Good hlusk cnvwr it itir ,sc! ci 

festation, both in the; field and (flu log sto) age of eail ir; thet husk The, 

rating system was based oil three t~telemets: thet tugh tuess of htsk, the' 

overall coverage of the husk, and how far the; husk extendJed beyond 

the ear. This system w ,s comparetd with a rating system basedl on
husk extension alone. 

The test cons' sttd Of alt niJ the husk tcover b)y hi th nrc thods. Their 

each ear, while still harigiirg it the, fiel, was enclosed n a bag contain 

ing 20 adult insects. Two weeks later the ears wurrir hanvested, 

taken to the labor ator y, arnd the numhlei of insects emil ging from 

the husk were counted. 
The more detailed rating system proved a better rridrcator of 

resistance or husk barrier to thes insects. 
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MAIZE PHYSIOLOGY 

Physiology studies during 1970-75 have provided evidence that yield 

in tropical maize is limited by the number and size of grains per 

unit area rather than by the supply of assimilates to fill the grains. 

Physiology studies also suggested that the dominance of the tassel over 

the ear in tropical maize may be related to barreness or smaller ears 

(fewer kernels). In growing periods when assimilates are limiting, the 

plant gives priority to delivering assimilates to the tassel. As aresult, 

the number of florets that form and survive on the ear may be reduced. 

Physiologists believe that reducing tassel size might increase the 

efficiency of the plant as measured in grain yield. In three advanced 

populations, physiologists are examining the variation for tassel size, 

and for time of silking and pollen release. 

In another study, physiologists are looking at the relationship be, 

tween efficiency and the amount of foliage above the ear. They 

believe that reducing the number of leaves above the ear or reducing 

the width of the leaves, might increase the efficiency of the plant. 

In drought studies, physiologists began in 1975 the first cycle of tests 

to determine whether families within a population have different 

degrees of tolerance to drought. If a practical test of difference can 

be found, it could be used as an added criterion in selecting the 

best families. Physiologists are measuring the rate of cell elongation 

of families under irrigation (no drought stress) and under rainfed 

conditions (various degrees of drought stress). These measurements 

are taken from the longitudinal expansion of a growing leaf. In 

addition the physiologists are looking for families whose potential 

yields under rainfed conditions are little different from their potential 

yields under irrigation. 
CIMMYT believes that much explanatory research in maize phvysioiu 

gy can better be performed by universities and othei basic research 
insititutions, rather than by an applied research institution like 

CIMMYT. But CIMMYT should continue sufficient work in physiolo
gy to fill the urgent needs in crop improvement, and to be able to 

interpret the progress elsewhere in basic studies. When new selection 

criteria for breeders are developed by outside institutions, CIMMYT 

stands ready to apply the new tools in its own work. 

WIDE CROSSES 

The breadth of germ plasm available in the CIMMYT germ plasm bank 

and in the breeding pools and populations provides an unusual opportu
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nity to explore the possibilities of crossing maize with related plant 

genera. CIMMYT's program is the largest organized attempt to make 
"wide" crosses and to screen the progeny for useful characters. 

Wide crossing may lead to additional sources of genes fcr desirable 

maize characters, to a new crop combining features of maize and 

another genus or to sources of genes for desirable characters now 

only rarely found in maize. 

The wide crossing ptogram is still in its infancv. The work 

currently focuses on finding ways to break barriers to inrergenir Ic 

crosses and at the same time identify strains of maize and other 

genera that "niche" (cross successfully). 

CIMMYT is working with three plant genera in addition to maile 

In 1975 several thousand crosses between maize and tripsacum wei 

attempted. Tr ipsacum is a perennral which grows wild ii the Amr icas 

ClMMYT has eight species in its tipsacum garden Some crosses 

between maize and sorghum were also attempted and they wril be 

harvested in 1976. Three types of Coix Iacryma-johl, an old world 

relative to maize, were ecerved in 1975, andt crosses will be attempted 

in 1976. 

w-A rels for good quarit Vpro te' 

without destroying the Acrnels s,( they cdi subsequently he planted. 
rhe iihydriti test pernitsscrfeningoof ar c 

.......... /
 

N ' 



Many combinations of maize and tripsacum produce seed, but when 

the seed is planted the F 1 plants are male sterile (they don't produce 

viable pollen) and their female fertility is low. Chromosome counts 

made on the F1 plants showed that they had a full complements of 

maize chromosomes but that some tripsacum chromosomes were lost 

during the early development of the hybrid embryo and then the loss of 

chromosomes stops. From 26 to 42 chromosomes were found in 

the F, plants. 
Since the FI plants aie male sterile they are pollinated with maize 

pollen. All of these pollinations failed except for one plant that 

produced three seeds. When the seeds were planted, two seedlings 

died before Lhromosome counts could be made. A count made on the 

third plant, which died before flowering, showed that it had chromo

somes f om both parents. 
This year's results established that tripsicum chromosomes can be 

transferred to CIMMYT maize materials thus making possible the 

use of desirable characters from tripsicum for improving maize. 

In the future, scientists will make more numerous crosses between 

stiains of maize and tripsicum that produced hybrid seed in 1975, as 
well as attempting new combinations. 

MAIZE TRAINING 

CIMMYT offers several kinds of training and experience to Maize 

scientists from Asia, Africa, and Latin America: 

-In-service training: generally 6 to 7 months residence in Mexico for 
candidates holding a first degree in agriculture, and under age 35. 
-Master's degree program in cooperation with universities in Mexico 
or U.S.A. 
-Predoctoral fellows: 12 to 18 months in Mexico to do their thesis 
research under CIMMYT supervision. 
-Postdoctordl fellows: 2 years' service as an associate on CIMMYT 
staff.
 
-Visiting scientists or short-term residents.
 

In-service The maize in-service training program is only 5 years old but already 

training 227 participants have passed through the course, including 56 in 1975. 

The program receives about 50 trainees per year, orie fourth specializing 
in research skills and the rest in production agronomy. 

In-service training is designed to develop skills in field research, 

production management, and laboratory techniques; to given experience 

on an inter-disciplinary team; and to teach the relationship between 

improved technology and development. The typical participant has 

had 5 to 10 years experience in a government agency, after university. 

The courses in MexiLa stress learning by doing, "dirty hands," and 
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Maize in-service trainees 1971-75 

Rrgion and country 

Latin America 
Argentina 
Belize 
Bolivia 
Brazil 
Colombia 
Costa Rica 
Chile 
Dominican Republic 
Ecuador 
El Salvador 
Guatemala 
Guyana 
Haiti 
Honduras 
Mexico 
Nicaragua 
Panama 
Peru 

Venezuela 

South and East Asia 
India 
Japan 

1975 1971-75 

18 103 
0 11 
1 3 
1 5 
0 3 
0 5 
0 1 
0 2 
0 4 
3 9 
2 12 
2 9 
0 1 
0 3 
5 14 
3 7 
1 4 
0 3 
0 3 
0 4 

15 44 
0 2 
0 3 

Region and country 1975 1971-75 

Nepal 
Pakistan 

4 
5 

9 
13 

Philippines 
Thailand 

6 
0 

14 
3 

North Africa and Mideast 3 14 
Algeria 0 1 
Egypt 
Tunisia 

2 
0 

8 
1 

Turkey 
Yemen Arab Rep. 

0 
1 

3 
1 

Tropical Africa 
Cameroon 

20 
0 

65 
1 

Ethiopia 
Ghana 

0 
3 

1 
6 

Ivory Coast 
Kenya 

2 
2 

4 
2 

Nigeria 
Tanzania 

4 
4 

12 
19 

Uganda 
Zaire 

0 
5 

1 
19 

Other 0 1 

Total 56 227 

the discipline of working long hours under heat, humidity, and torr'n

tial rains. 
One feature of production training is the layout of agronomic trial: 

on private farmer's lands, and organizing field days for farmers. This 

work is performed by trainees in Veracruz State under supervision of 

the CIMMYT training officers and the Mexican extension service. One 

type of trial taught to t ainees is the "maize diamond" which contains 

four plots: 1) the farmer's variety grown with the farmer's 

production methods, 2) the farmer's variety grown with improved 

production methods, 3) an improved variety grown with the farmer's 

production methods, and 4) an improved variety grown with improved 

production methods. The range of yields wilhin this dmnonslralion, 

under Mexico's lowland tropical climate, is from 1500 to 4000 kgiha 

The demonstration helps Identify the imiting jfactors in yeld, and 

permits farmers at a field day to select thfrir own technology. 

Training in Starting in 1974 ClMMYT offered inseivice trailng fo officers tim 

national programs national program.; who were prepar ing to give short courses for 

production agronomists in their own country. Eight trainers have now 

been trained (Ecuador-3, El Salvador-3, Philippines-I, Pakistan 1) 
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Alejandro Violic, 
CIMMYT train- -,
 

ing officer, right, .
 
gives a trainee b . 

individual
 
instruction in an
 

open-air class-.
 

roomn. 

~3 

-4, 

~ 4 

CIMV1MYT training staff members in Mexico are occasionally ILnt 
to national programs outside Mexico where they assist with local 
courses. During 1975 the director of maize training in Mexico 
participated in short courses for 90 production agronomists in Pakistan 
and 25 in Tanzania. This training role is expected to increase in 
future years. 

Academic During 1975 the maize program soonsored the training of one master's 
training degree candidate in Mexico, 12 predoctoral fellows in the U.S.A., 

and 12 postdoctoral fellows at CIMMYT in Mexico. 
An unusual feature of academic training is the interdisciplinary 

advanced degree program. Such programs are now under way between 
CIMMYT and Kansas State University (at the M.S. level) and Cornell 
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University (at the Ph.D. level). In each university six or seven degree 
candidates from Asia, Africa, or Latin America are working on related 
topics for a M.S. or Ph.D. thesis. For example, abreeder, a pathologist, 
an entomologist, an agronomist, and an economist, may be studying 
closely related topics sharing each other's research, hbt taking their 
academic studies in different departments. '.'hese teams of candidates 
are doing their thesis research together in Mexico but receive thtii 
degrees from Kansas State or Cornell. The candidates come fiom nine 
countries (Cameroon, Colombia, Honduras, Kenya, Malaysia, Pakistan, 
Rhodesia, USA, and Zaire). 

Postdoctoral fellows on the maize staff in Mexico have increased 
from five per year during 1970-73 to 10 per year during 1974-76, and 
the number of fellows is expected to remain at the higher tevel 
through the remainder of the 1970's. At the beqnnin of 1976 the 
postdoctoral fellows in maize ,rme fron seven countr ies (E nglarid 3, 
Germany-1, India-1, -apan-1, Netherlands 1, Nicaiagu,, 1. USA 2). 

Visiting scientists 	 During 1975 the maize program received 12 visiting scientists and 20 
short-term visitors. Visiting scientists are senior crop researchers 
or experiment station managers who spend I to 12 months at CIMMYT 
to become familiar with world germ plasm and CIMMYT research 
methods which may be used in their own national programs. Short
term visitors are agricultural policy makers and administrators who 
spend from a few days to 4 weeks at CIMMYT. 

COLD-TOLERANT SORGHUM 

In a handful of countries including Ethiopia, Kenya, and Uganda, 
farmers grow sorghum that is able to withstand low temperatures on 
high plateaus. 

CIMMYT is transferring this cold tolerance into sorghum varieties 
suitable for farmers in ,reas where low temperature previously 
prevented sorghum cultivation. Such varieties would benefit farmers 
throughout the highlands of Latin America. In areas that have mild, 
frost-free winters, 	cold-tolerant sorghum could broaden the cropping 
options open to farmers. And in areas where sorghurn can be grown 
but is risky because of an occasional cold snap, or because of low 
soil temperature at planting time, cold-tolerant sorghums could 
stabilize farmers' 	 incomes. The ability of sorghum to withstand moder
ate drought is an 	added advantage. 

Breeders in Mexico have conducted research on cold-tolerant 
sorghum since 1954. But only in 1973 was a breeder assigned full-
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Germ plasm for 
cold tolerance 

Cold-tolerant 
sorghums being 
developed at 
CIMMYT will 
broaden the 
cropping options 
of farmers in 
high-altitude 

ieas. 

CIMMYT's sorghum research will be conducted in collaborationtime. 

with the International Croos Research" Intitute for the Semi-Arid
 

Tropics in India.
 

The first cold tolerant lines in Mexico can be traced to thiee soighum
 

varieties from East Africa. These were the first sorghums to beal
 

seed in the Western Hemisphere above 2000 meters elevation. Since
 

1973 CIMMYT has obtained over 150 additional lines from the high-


Based on trials at El Batan (2200 m) perhapslands of Ethiopia. 

three-fourths have cold tolerance. Because the African lines ale
 

daylength-sensitve and will not flower duing the Mexican highland
 

growing season, CIMMYT breeders must first make crosses to produce 

progeny that ate insensitive to daylength, after which they can be 
tested for cold tolerance. 

lit' 

IL 



Breeding African gern plasm which carries cold tolerance is undesirably tall 
(sometimes over 4 meters) and is likely to lodge. It also needs 
added sources of disease resistance, insect resistance, better protein 
quality and other desirable characteis. 

Few diseases of sorghum exist in the Mexican highlands but all 
sorghums in the CIMMYT program are evaluated at CIMMYT's 
humid low-land station at Poza Rica where diseases caused by 
Cercospora,Pucciria, Sclerospora,Helminthosporiurn, aid Diplodia 
are important problems. Good sources of resistance to all diseases 
identified at Poza Rica exist in both cold-tolerant and cold 
susceptible sorghums. 

In 1976 cold- tolerant selections from CIMMYT will be sent to 
Texas A & M University (USA) for screening against anthracnose, 

downy mildew, and head smut. 
For genetic resistance to :nsects, sorghum lines are being screened 

against maize leaf aphids, midge, and tall armyworm. Sorghums 
with resistance to -jieenbug and midge have been obtained from Texas 
and crosses are being made in Mexico. 

Nearly 3000 sorghum crosses were made at CIMMYT in 1975. Most 
crosses for disease arid insect iesistance, or other characters, reintroduce 
cold susceptibility Fewer than 5 percent of the progenis in early, 
segregating generations combiiie both cold Iler ance arid the other de
sirable characteristics which are being sought. 

Protein quality The protein of normal sorghum has low lysine content 12 percent of 
protein, similar to normal maize). CIMMYT breeders are using 
high lysine lines from Africa and air induced mutation identified at 
Purdue University (USA) to improve the nutritional value of sorghum. 

Sorghum lines from East Atiica carry ing high lysine art, tall and 
daylength-senstve and the, gIais are opaque--arn undiesirable charac
teristic for acceptance by ta ols Starting in 1974 crosses wete made 
to provide shor ter progeny, with daylength insensitivity, that could be 
used as parents in crosses with cold tolerant soighums. In 1975 b1reed 
ers found that some gr,ns from the F, segiegaing popu litions had 
normal (shiny) appearance arid lysine content as high as 3 0 
percent. These lines also had lowe- than-normal p0rtein per centage. 
Breeders believe that normal piotein content can eventually be regained 
while retaining high lysine content. 

International Sets of up to 380 cold-tolerant lilies were sent to 29 locations through 
testing out the world for testing in the summer of 1975 The trials will 

provide valuable information on cold tolerance, disease arid insect 
resistance, and general adaptation. The best performng 30 lines have 
been sent out again for replicated yield trials in 1976. 
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The sorghum work at CIMMYT has achieved faster progress than 
anticipated, and varieties with greatly improved characteristics should 
be ready for fommercial use by 1980. 

COOPERATION WITH NATIONAL PROGRAMS 

CIMMYT continued its cooperation with national maize programs 
through a variety of methods. 

The maize staff spent 1207 man-days in 1975 (about 3.5 man-years) 
consulting with governments of maize-producing countries of Asia, 
Africa and Latin America, or discussing basic research at other 
research institutions. This consultation includes participation in region
al workshops, where research plans are made for the following year; 
observation of CIMMYT nursery materials grown by national programs; 
visits to commercial crops in farmers' fields to identify constraints, 
meetings with national policy makers to discuss fertilizer supplies, 
maize prices, and other policy questions. 

CIMMYT experimental nurseries continued to supply advanced 
populations for almost every maize-producing country in the develop
ing world. 

Ten members of the CIMMYT maize staff were stationed in five 
national research and production programs in 1975: Egypt, Nepal, 
Pakistan, Tanzania, and Zaire. Guatemala will be added to this list in 
1976, when two CIMMYT staff are posted there. 

Arrangements for the posting of CIMMYT staff to major maize
growing regions of the world gradually took shape during 1975. Two 
maize scientists gave full time to Central America and the Caribbean 
region. A regional maize program for the Andean region, jointly 
sponsored by CIAT-CIMMYT, will begin operations in 1976, with 
three CIMMYT staff members residing in the region. A regional pro
gram for South and Southeast Asia will be headquartered at ICRISAT 
in India, and begin operations in 1976. CIMMYT and IITA (Nigeria) 
have worked out a pooling of their maize efforts in tropical Africa. 

Each regional effort irisolves a similar pattern of activities: regional 
staffing, regional nurseries, regional workshops, assotance to training 
within national programs, and an annual progress repcrt to help 
stimulate the national program efforts. 

1976-80 FORWARD LOOK FOR MAIZE 

At an internal program-review, held at El Batan in late 1975, the 
CIMMYT staff discussed their aims and expectations for the maize 
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program over the 5-year period 1976-80. Some staff scientists 
advised against any predictions. But the following points received 
general support: 

(1) Advanced maize materials tested at CIMMYT research stations 
in Mexico and in national programs outside Mexico, will show annual 
continuous improvement during 1976-80, measured by shro for 
plant height, improved disease and insect resistance, widei miturity 
range, better protein quality, and higher yields. These iniprover ini
are objective and can be seen best in the annual per formanc (if tlhi 
varieties. 

(2) Quality protein maize will achieve substantial comnrcir ciiil s, 
by 1980, both for human food and animal feed 

(3) By 1980 exper mental varieties will he (disttiuhrtedhy CIMMY 
suitable for three climatic zones (it opical lowland, tr opicri highland. 
temperate), three matui ,ties(edrly, meditin, lki), and niajri i-tni-l 
types. This means that gaps remiimq iin the CIMMYT poil ind pi 
pulations of 1975 will he flled by 1978, and will iimt ex irmiiir 1 
varieties by 1980. 

(4) Collaho ative research on nrazi! Jisast, will , ,r.hi ,s ,(f 
Resistance in the advanced popullions to downy mildefw lAsia), 
maize streak virus (tiopical Aftica), ind maize tSntlI(tropical Litin 
American nationsl needs to be fai super or to that l)pies,tly avjiIdlh 
The improvements will resLJlt fi om (ollabo.ation heteriensix tittrnal 
programs and CIMMYT 

(5) By 1980 national tiidia, progIilrims vithir 30 N irod 30 S will
 
receive most of thete 
 rlew getri plism fo open pollioated m l/ 
through CIMMYT exper irtindal variety ti ils. This wis substantwily
 
true 
in 1975 but the piopot ton will ncire,ise. A, iim go,,s on, many 
of the improved vaitieiis should i geneiated by natioinal piogi.aris,
 
and made available throuj- world-wide triials.
 

(6) CIMMYT's re(ltioil ni,ii/e programrns (Cential America, South 
America, tropic. Ar ica, SoUth Southeast Asia) will be fully operative 
before 1980, in coopei itr ol with othir centers. Stiongi nitio(ral 
programs will be giving hIp to neighboring counties through the 
initiative of CIMMYT's rwgioniil staff. 

(7) Many goveiments will lli giving more effective ,ittwrnion io 
increased production of food (crops, roclUding marze, S(OghLlm, and 
barley. Iin past, some goveri mirrits focusse!d only u)nwheat and rice, 
because of national food piefetence. Now focd habis ir., ching 
ing as population grows. 

(8) The world network of clentists wor king on rnai'e will be 
substantially improved during 1976 80, both in numbers aind skills 

(9) The world maie crop of 1975 is waitin tri hrrnfi f on i
 
","rkloq of technology not yet In use; this Sitluation is comprablo to
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the world wheat crop of 1962 (year of the first Mexican semi-dwarf 
whats) and the world rice crop of 1965 (year of the IRRI variety IR-8). 
A rvolutiori in maize yields could begin during the half decade 
1976-80. 

(10) CIMMYT is willinq to have its maize program judged during 
the last half of the 1970's by (a) the performance of new maize 

varrrties in the rosairch stations, id (hI) the iising yields in farmers' 
held acros )1iKducingl dr ,esarid over years. We realilze that (a) can be 

whnlly cied itrrd nr blamed upon0scientists. Whereas (bf) reqluires 

th, itiip rtlifl :iiI'Iow of nijily (iovirin rlrts in iegard to ag(ricultural 

resniIrClrr,, a(gicrilturfal policies, ind mriairntenanice of puJlic order. 

Olyj cnmfrinainl of better technologyv and better (governmet 
pumformarice will eniable farmers to 1)roducir higher yields. 
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INTRODUCTION 

Wheat ranks first among world food crops, measured either by planted 
area (225 million hectares) or by size of harvest (360 million metric 
tons): 

Wheat 360 million tons 
Paddy rice 323 
Maize 293 
Barley 171 
Sorghum 47 

In international trade, wheat and wheat flour constitute the largest 
food commodities. In 1973 FAO reported that half the cereals 
imported into food deficit areas consisted of wheat and wheat flour 
(78 million tons, USS8 billion value). 

The center of origin for wheat was in the Mideast, near the cioss 
point of national boundaries for USSR , Turkey, Iraq, and Itan. 
Most of the small grains (wheat, bariley, oats, rye) were first domesticat 
ed in this vicinity. They were carr ied by early man to the outer 
reaches of the Eurasian continent, arid later by European explorers to 
all the continents except Antartica. Today a network of scientists in 
more than 100 countries is working to improve the small grains. 

High and stable yields for wheat on a world-wide basis appear to be 
a keystone in appioaching many basic human problems, including 
food shortages, farmer incomes, holding down the basic food costs of 
the city dweller. 

REVIEW4t9
40Ip qlMMYT 
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Wheat in developing countries 
Twenty percent of the world's wheat cr op is hat vested in developing 
countries (72 million tons). Developing counti ies in which wheat 
is a major crop (1974 data) include: 

Asia 
A fghanistan 3 0 irlrhon lrl l 

India 22 1 
Ian 4.1 
Iraq 1 3 
Pakistan 7 6 
Svria 1 6 
Turkry 11.1 
Other 39 2 

Total 90 0 trloto11111,n 

A trici 
A Igetia 09 
Egypt 20 
EtIIOliula 0.8 
Morocco 1 9 
Tunisia 0.8 
Other 2 1 

Total 8 5 rn'hor toi, 

Li rinr Anier ica 
Argentina b 6 
Bria/ri 2.8 
Chile 1 0 
Other 3.6 

Total 13 0 idioii trin, 

It was Indeveloping count ies that the phase "green revolution" fit st 
appeared. Yet 10 years after the revolutionary changes began, the 
average yield of wheat in developing countries is 1100 kq ha, whereas 
the average yield in i idustrtalized countries is 2100 kg'ha. The differ. 
ence in aver age yields provides a taiget for future wheat improve 
ments in Asia, Africa, and Latin America. 

Short program history in Mexico 
Norman Bot laug at rived in Mexico in 1944 as crop pathol ,iAst for 
the Office of Special Studies (cooperative program between the 
Mexican Ministry of Agriculture and the Rockefeller Foundation) 
In those days stem rust was the most devastating disease of wheat, 
causing periodic epidemics which were national disastirs Mexico 
was importing hall its wheat reqtlirements Within 5 yevts Botlaug and 
his Mexican colleagues had developed several new vat ieties of bhead 
wheat which car ried substantially greater rust resistance than had 
ever been seen in Mexico bfore By 1956 Mexico was self sufficient 
in wheat. 
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Several unusual research procedures contributed to this early 
progress: 

1) Wheat breeding was conducted two cycles a year, one a 
winter season crop in northwest Mexico at sea level, and latitude 27'N, 
the othe a summer season ciop on the central plateau of Mexico, 
at latitude 19'N and elevation 2600 meters. This migration north 
and south, twice a year, speeded up work; and it brought important 
side effects, eliminating daylength sensitivity in the experimental 
wheats, and developing wirier adaptation. 

2) Borlaug (Ii tV upon the erltire U.S. world collection of wheat 
germ plasm (26,000 iterns); he screened that collection many times in 
search of disease resistaince and other char;cter s;he made thousands 
of single crosses, double Crosses, back ci osses, top ci osses to pyramid 
the genes He developed a massive numbers game, not gu ided by the 
cytologist's rnrcroscope bL.t by the observation of millions of plants in 
the field. Up to the 1950's, no other plant hreedirng program ifn 
history had made such massive use of a world collection and 
had generated so many tens of thousarnds of crosses. 

3) Heavy select ion pressure for disease resistance was achieved rn 
the piogiam by national pathogens and ly ar tificial inoculation 

4) Breeding plots were irrigated whenever riecessarry to ensure tile 
survival of exper imental wheats, and to obser v their per for mance 
under optimum cornditions. But after the F2 (second generation) the 
wheats were tested under both irrigated and rainlfed coriditions, 
often on private far mlands. to observe thenr per for induce under condi. 
lions lacing the far mer. 

These methods produced early progress against fiusts. 
The staff next set out to produce varieties with stronger straw, 

to reduce lodging. A breakthrough was obtaiud hy tfle use of a single 
dwarfing gene from the Japanese variety, Norin-10. This Japanese 
Mexican product produced the first semi-dwarfs released by 
Mexico in 1962. Other genes were added later, to produce awide 
array of dwarf wheats. 

Along wi th short stiff straw came greater nitrogen i esponsiveness. 
Old tall wheats usually gave 3 kilograms of inciecrsed grain for 
every kilogram of nrtrogen. The newer sho ter more efficient vat ieties 
gave as much as 10 kilograms or more of increased griain for every 
kilogram of nitrogen, under gocd nianagement. This explains several 
side effects of the "gieen revolution." There was a sudden rise in 
fertilizer demand. And some farmers who enjoyed greater income from 
the new wheats could afford tubewells and other irigation facilities 
for the first time. Thus there was a spillover effect into broader rural 
change. 
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Two veterans of 

the wheat fields: 
Norman Borlaig,
right, and Re yes 

Vega, who has 
probably made 
more wheat cros
ses than any man 
n history. 

I i 

The earlier Mexican wheats were tested in Latin Amert ca n the: 

19E.0's, through Rockefeller coop~eative programs in Colombia, 
Ecuador, and Chile. Regional nurseries were star ted there, and work. 
shops held for scientists of the region. This was the beginning of a 

network. 
By 1960 FAO was sending young wheat scientists fom the 

Mediterranean and mideast for training in Mexico. Borlaug and his 

Mexican colleagues began consulting trips to Asia and Africa, as well as 

Latin America. More nurseries were established, more workshops held. 

Thus a program devoted originally to Mexico acquired world focus. 

New commodities were added. Triticale research began in Mexico in 

the mid-1960's. In 1968, work on durum wheats was greatly 
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expanded, borrowing the dwarfing technique and the dwarfing genes 
from bread wheats. In 1972 work was resumed on barley as a 
foodcrop. Barley work had been suspended 10 years earlier when 
the wheat staff became engrossed in the distribution of dwarf bread 
wheats. 

Remaining problems 
Even if future population growth is ignored, problems facing the wheat 
program remain formidable in the mid-1970's. 

1) Stable resistance to the three rusts has still eluded the researchers. 
New approaches are showing progress. 

2) Septoria, a fungus disease which causes major epidemics in the 

mideast, North Africa, and South America, is another problem awaiting 

effective control. Wheat lines with good resistance to septoria 
entered CIMMYT's international nurseries for the first time in 1975. 

3) Only 35 percent of the wheat iands in developing countries are 
so far planted with high yielding varieties and appropriate packages 
of cultural practices. Much of the remaining 65 percent represents eco
logical "niches" that still lack new wheat varieties tailored to their 
needs. Some niches require varieties with tolerance for low or high 
temperatures, some need shorter maturity, some need faster ripening 
qualities (for Algeria and neighbors), some need tolerance to soil 
aluminum (Brazil), some need greater resistance to local diseases and 
insects. All these problems are receiving attention, either in Mexico or 
through the network. 

4) Drought tolerance is acharacteristic that would benefit a vast 
number of farmers in rainfed regions. Since 1972 CIMMYT has 
been making thousands of crosses between winter-type and spring-type 
wheats, hoping that the deeper crown root of the winter wheats, 
and their greater tolerance to droughts, can be transferred to the spring 
wheats. Advanced lines from these winter-spring crosses will reach 
the international yield trials for the first time in 1977. 

5) High yieldi ig durum wheats--far higher than any available 7 
years ago-are now being released to farmers by national programs but 
much needs to be done to achieve stability of yields. 

6) Food barleys have moved only half way up the pathway previous
ly followed by the bread wheats. 

7) Triticale breeders are rapidly broadening the germ plasm base 
foi their man-made cereal, and watching the steady improvement 
of plant type, disease resistance, and yield. They have crowded into 
one decade much of the development process which took thousands of 
years of natural evolution in wheats. The commercial introduction 
of triticale has begun, but full benefits are still ahead. 
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BREAD WHEAT 

The bread wheat researchers aim to develop varieties that produce 
stable high yields over awide range of environments. Stability 
requires disease resistance. Wide adaptation requires daylength in
sensitivity. 

Worldwide, three major rust diseases and septoria (fungus diseases) 
are the major barrier to stable yields. Races of each rust are capable 
of mutation so that awheat variety with genetic tesistance to the 
pr?dominant races will become susceptible to a new race within a few 
years. A high yielding bread wheat variety which cart ies ri:sistance 
to one or all of the three rusts usually lasts no more than 2 to 10 yeas 
before a new race overcomes its resistance Farmers then switch 

ift 

Shak ,g the , 
pollen from one 
spike onto the 
flowers of 
another spike has 
cut the timne 
needed for 
mAk icya cross 
comtpared with 
;-onventional.
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to other varieties. A few varieties have remained disease resistant 

for decades but their yield potential is lower than present-day varieties. 
For example, the tall Mexican variety Yaqui-50 has been resistant to 

stem rust for 25 years. Such varieties are used as parents in the bread 

wheat program to introduce stable resistance to varieties that have 

high yield potential. 
Some of the newer semidwarf wheat varieties are still resistant to 

stem rust as much as 10 years after they were released ('or 
example, INIA 66). Many of CIMMYT's advanced lines also appear 

to be resistant in many location throughout the world. The level of 
stem rust resistance in CIMMYT bread wheat varieties and advanced 
lines thus seems to be approaching a horizontal type of resistance. 
This has been achieved by inoculating millions of F2 plants with 
numerous stem rust races to eliminate susceptible plants, and by cross
ing hundreds of resistant varieties and testing the progeny for rust 
resistance at dozens of locations throughout the world. 

The level of resistance to leaf rust and stripe rust in CIMMYT
developed wheats does not, however, compare to their resistance tn 
stem rust. CIMMYT is placing priority on raising resistance to leaf and 
stripe rust. Most released Mexican semi-dwarf wheats have become 
susceptible to these two rusts within 3 years, with the exception 
of Tobari 66. Some lines in advanced testing, however, have shown 
resistance to leaf rust races at over 30 locations worldwide. 

In the cool moist climate of Toluca during the summer season, 
natural and severe epidemics of rust develop. In the dry winter climate 
of Sonora, CIMMYT artificially inoculates for stem and leaf rust. 
Thus experimentdl wheats are under selection pressure for disease re
sistancP two cycles ayear. 

Apart from conventional resistance breeding CIMMYT employs two 
other appicaches to disease resistance: the multiline and slow 
rusting. 

1975 breeding Thirteen hundred advanced lines of bread wheat were yield tested at 

and testing Ciudad Obregon in 1975 and the best 386 were selected for 

inclusion in the 9th International Bread Wheat Screening Nursery 
(IBWSN). The lines in this nursery are advanced generations from 
about 200 crosses of a total of about 5000 made in 1971-73. Their 
yields were 6500 to 9000 kg/ha at Ciudad Obregon under experiment 
station conditions. 

About 30 percent of these lines carry strong resistance to septoria, 
a fungus disease important in the Mediterranean region and South 
America. This is the first large group of septoria-resistant lines 
distributed through an international nursery. 
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The resistant lines were selected from screening in Patzcuaro, Mexico, 

where Septoria tritici is epidemic. Previous testing showed that lines 

resistant in Patzcuaro are likely to be resistant in Turkey and Algeria 

which also have Septoria tritici. Brazil however has a complex of both 

Septoria tritici and Septoria nodorum plus soil toxicity problems. 

Under those conditions, Mexican advanced lines are still very 

unsatisfactory. 
The 9th IBWSN was sent in the summer of 1975 to 150 locetions, 

worldwide, to be planted in the winter season of 1975/76, and data to 

be returned during 1976. 

Variety releases The Mexican government released three new CIMMYT-INIA bread 

wheats in 1975. Cocoraque 75 is a sister line of Jupateco 73, 

but is more resistant to leaf rust. Salamanca 75 is a soft biscuit-type 

wheat with good rust resistance. A slightly weak crown root makes 

Salamanca somewhat susceptible to lodging. Zaragoza 75 is a 

late maturing one-gene dwarf with red grain, highly resistant to leaf 

rust but susceptible to stripe rust. All three of the 1975 releases 

are susceptible to septoria, but this is not a serious problem in 

Mexico. 
Outside of Mexico, numerous bread wheats of Mexican origin 

were released in 1975. A partial list: 

Argentina -Precoz Parana INTA, Diamante, Leones INTA.
 
Cyprus -Jaral 66 's", Blue Siiver, Mexpak.
 
Guatemala -Maya 75.
 
Nepal -NL30
 
Pakistan -Lyalipur 73, Sandal.
 
Paraguay -Jacal 66 "s"
 
South Africa -Sonderend
 
Tunisia -Carthage, Dougga
 
Turkey -Cumhuriyet, Sakarya (chanate 2), Jehan, Nuri 70.
 
USA (Coloiado State) -Colano.
 

cross madeMultilines 	 Bread wheat varieties derived from cross 8156 (aMexican 

in 1957) have been grown on more than 13 million hectares over 5 

one varietycontinents. It is widely recognized that the use of 

on large geographical areas presents a potential danger since a single 

rust race could cause widespread destruction. Further it has been 

demonstrated by aerobiological studies that an epidemiological zone 

can cover substantial areas. Nevertheless, avariety with such superior 

performance and wide popularity could continue to provide high 

yields if this disease danger could be educed. This is the argument 

for the multiline. 
In 1971 CIMMYT initiated a program to diversify the disease 

Varieties drawn from USA, Canada, 

Argentina, Colombia, Ecuador, Kenya, Australia, India, Rhodesia, 
resistance in this basic genotype. 
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North Africa, and other countries, contributed different sources of 
resistance for the three rusts and septoia. 

In 1975, 215 advanced lines were produced, and distributed as 

the 4th International Multiline (8156) Nursery to more than 
30 locations where this variety is well adapted. 

One set was planted in Foluca 1975. The 111 entries which 
survied Sripu rIust .ir Tolicd wil he individually yield tested at Ciudad 

Obreqon in 1975/76 togethei with 12 different composite rn.lt i line1s. 
It is expected that these yielri data can be uscd to form composires 

tor Meylcan Condit ions. 

I hiue eceint ,is of the 8156 medlt lIrme call [e ' Inepoiled. 

1974/75 yield trials were held at Ciud id Obiegon for seven 

composites of 8156 Yields of the cn nosites ranged 7300 to 

8000 kg/ha, while Siete Cetios (ia Mexican w, iteiain 8156 viillylI 
was used as a check. and gave yields of 7500 to 9400 kit hi 
In another ti iii, two iof the abov, cornI)os es f rom 8 C wtt o 
tested at 15 sites, worldwide, in 1975. The compose s av", iilud 

4400 and 4500 kg/ha, while Siete Ceiios gave 4300 kg ,a ovi, iil sltes 
These two composites were also tested in the Ciudad Ctli it;in 

Selected spring bread wheat varieties bred by CIMMYT-INIA or predecessors, released 

by Mexico, 1950-75. 

Yo.1, oii Y'eld Plant Disease rarinq ,t MP or, 
.11 sYeai of preiit.al d height J Ster StLSr :, 

reseii Viil-ev n,ame ( :io s k i m Cl 1 %t rust ,,%r s.,oli.f 

1950 Ya,. 50 1945 3300 110 TMS 20MS 10M1S MR 
1960 N+,,nat, 60 1958 4000 110 OMS 5R 0 
1 62 Prt . 62 1956 5370 t00 100S 60S 8OS 'I R 
196 Pernamni 62 1956 58/0 100 SOMS 0 HiS MR 
1964 
1964 

Sonoia 64 
LermI Roio 64 

1957 
1958 

5580 
6000 

85 
100 

20MS 
30MR 

lOS 
80S 

8(iS 
?I0S 

S 
6 

1966 INIA 66 1962 7000 100 5MR 100S 8S S 
1966 Se Ceiro, 1967 1000 100 TMS 20S 10S S 
19/0 Yecora 70 1966 /000 80 TR 100S 1005 S 
1911 
19/1 

Caleine 71 
Tanori 11 

1966 
1968 

/000 
7000 

80 
90 

TR 
20MR 

1005 
805 

100S 
61.)S 

S 
S 

1913 Juixireco 73 1969 7000 95 TMR TMR 60S MR 
1973 Tormi 73 7000 75 TMR 20MS 40S S 
19r5 Cocoiaiue 75 1969 7000 90 TR TR 20M13 MR 
1975 Salamanca 75 7000 90 TMR 20MS 20MS S 
1915 Zia~qoza 75 8000 90 1 30MR P 0S S 

,d Mea uiled at expriu'i 11 r %taipiril in Mexico iiiaitlJ anl es%1ri1i y disease frve 1). All I ,rltle 
wese resistan ro all rieni iusrs UtndeI Mexican condrtions at tinie of rielia%, R resisantr S 
susceptible, 0 no rust MR moderately resistant MS - moderately susceptible, 20MS - 20, 
of sample is moderately susceptible, balance is resistant; TMS m a trace of sample is moderately 
susceptible, balance is resistant; TR = a rrace of sample is resistant, balance is susceptijle. 
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iesearch station in 1975, using four commercial varieties as checks. 
The composites gave yields of 9400 and 8600 kg/ha; the commercial 
varieties yielded 8100 to 9100 kg/ha. 

These trials confirm the basic principle of the multiline. But 
much work remains to develop separate multilines for major 
producing nations, using local selection of components for each 
multiline, and 	local seed increase. 

Slow rusting 	 Most bread wheat var ieties have major-gene rcsistance which is specific 
to the predominant iust race in an area, but when the predominant 
race changes, the resistance conferred by the major gene is likely to be 
ineffective against the new race. 

Varieties such as Yaqui 50 are relatively unaffected by changes in 
rust because the plants develop pustules whose appea ance would 
ordinarily cause a pathologist to rate the plant susceptible, but the 
pustules develop more slowly than normal Because there are 
fewer spore-producing pustules, the disease develops slower and the 
plants escape serious damage.

Pathologists began in 1975 to develop ways to measure slow 
rusting in an attempt to identify lines with the glietest degree of slow 
rusting. Sice slow rusting probably results fom the additve 
effects of several m inor genes, lines that rust the slowest pi esumably
have more genes for slow rusting. These ines can be used in crosses 
with higher yielding dwar f wheats that aheady have race specific
resistance. Working with leaf rust, pathologists found they could iden
tify slovs rusters by rating plants three times aseason. Among the 
slow rusters the best lines could be identified by protecting some plants
with a fungicide, and comparing their grain weight with that of 
plants of the same line grown without fungicide. Those lnes in which 
disease caused the least reduction in grain weight are the slowest 
rustei s. 

Among 14 entries examined for leaf rust in preliminary tests in 
1975, Bonza 55, a tall Colombian variety was the slowest ruste -even 
better than Yaqui 50, another tall variety. In 1976 pathologists 
will test 39 lines including many slow-rusting dwarf wheats. Although
tall varieties such as Yaqui 50 are already being used as sources of 
slow rusting, identification of more and better slow-rusting dwarf 
varieties would speed the process of breeding high yielding, adaptable 
dwarf wheats with slow rusting. The preliminary tests in 1975 
indicated that 	two dwarfs, the variety Torim 73 and the advanced line 
Kal-Bb, have intermediate slow rusting characteristic to leaf rust. 

Spring x winter The terms spring-type and winter-type bread wheat loosely refer ta the
wheat 
 times of year at which these wheats are planted. Winter wheats need 
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a period of cold to induce flowering. They are also quite cold 
resistant before flowering. As a result they are planted in the autumn 
in areas that have fairly cold winters. Spring wheats do not require 
a cold period to induce flowering. They are planted in the spring in 
areas that have awinter that is too cold for winter wheats to survive or 
they are planted in the autumn in areas that have awinter that is too 
mild to induce flowering in the winter wheats. 

Spring wheats and winter wheats have been bred as separate groups 
because their different ecological requirements make crossing difficult, 
and they have evolved different characteristics. Today winter 
wheats are better than spring wheats in resistance to septoria and sti ipe 
rust and in drought and cold tolerance, while spring wheals are hettef 
in stem rust resistance and bread-making quality. 

Large-scale field crossing of spi ing wheats with viintet wheats 
became possible when CIMMYT discovered in 1972 tOhat foth types 
could flower simultaneously in the field at the Toluca experiment 
station. Because of Toluca's 2600-mete altitude, the weathei in 
December is cold enough to induce flowering in winter wh-ats 
planted in November. The weather is also warm enough after mid 
January to permit planting of spring wheats in the same hold. The 
two groups flower side-by-side in May and June, allowing vast numbers 
of crosses to be made. In 1975 over 2000 successful crosses hetwffen 
spring and winter wheats were completed. 

From these crosses a portion of all F1 seed is sent to Oregon State 
University (USA) where plant scientists select winter wheait types 
that have desirable features transfer red ft am spring wheats They
 
make crosses to other winter wheats of to other winter 
x spi rig linres
 
for distribution to the winter wheat growing areas of the world
 
Some F I seed is also sent from CIMMYT to scientists in Turkey and
 
India.
 

The FI seed retained by CIMMYT is top-crossed of double crossed 
to spring wheats grown at Ciudad Obregon and Toluca Breeders 
select for spring types that have desirable features transferred from 
winter wheats. About 40 percent of the progeny are discarded the first 
year because of disease susceptibility or excessively late maturity. 
The best remaining progeny show increased yield, increased drought
resistance, and a wider range of maturity than traditional spring 
wheats. 

Many scientists throughout the wo ld are now able to work with 
spring x winter germ plasm because CIMMYT distributes F2 bulk 
spring x winter seed to 100 locations as part of its F2 seed distribution 
program. 

Crosses made at CIMMYT in 1972 are now reaching the F4 stage. 
By 1977 the best advanced lines will enter the International Bread 
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Wheiat Screening Nursery for the hirst trrfe. This mi~ght reveal 
a rIrsearch break through for wheat impr ovement inthe 19 7 0's. 

r.oes from the spring.l wxilten bre:ad wheat crossing program are
 
alreddy used as parents by ttilcale and durum breeders, to increase the 
var rebilty in those two cr ops. 
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F2 distribution Under the F 2 distribution progi am, begun In 1972, CIMMYT sonds 
second generation seeds to national wheat scientists who can 
select from the segregating populatins the plant that peifl ni hest 
locally. This program is especially helpful to nations tIhat dro not 

have large crossing programs. 
In 1975, CIMMYT bread wheat breeders grew 3000 F 1 ciosseN at 

Ciudad Obregon. After discailding 2000 F 1 plants that wi i 
susceptible to rust or that had pool plant type, th 11(irpirw wf'F 2 
clissified for testing under diyland (rinfed) oi itriglated (iriillrtrrs 
Seeds of those F 1 crosses which hid shown rust iesista:, wlhi:Ih 
involved parents which had septor a resistance, and wich (iw 
more than 100 centimetes tall wer, otn to (hylaird ii,, wwi, ,pht) 
ria resistance is essential in addition to list r istance (,, Ij Ahl',r li 
Turkey, Tunisia, Argentina). rhe ?, orljeny of thi F 1crin)sis which grew 
less than 100 centimeters tall and hat rust rirsistanc werte enit It, 
iiirgated areas of the world (e q Nor tlh Indwi, Pdkstan, Rhod,,,, 
Mexico). In all, 100 locations received F2 pl Itlorsp o a

International 	 Each year since 1964, CIMMYT has assembled a group of 50 varieties 

yield nursery 	 to form the International Spring Wheat Yield Nursery, a replicaled 

yield trial. It is currently being sent to 120 locations in muoi than 70 
countries. 

This yield trial has uncovered the mechanism involved In adaptatiOi 
for yield, it has helped identify broader based resistance, and. most 
important, it has provided cooperators with a wide arty of guin plasm 
suitable for release as varieties or foi use in breeding programs. 

Crossing block Cl MMYT disti ihutes a numlbe of other nurser rs for Iriah by h, eders 

and other trials in national projr ars 

The ciossing block is a gi oup of carefully chosen wheat inis and 
varieties, each entry being one of thtr wor Id's 1)est Souliias fl it hiast 
one desirable chawactr istic Seed of 250 entl irs was sent to 50 
'cations in 1975 so thill hf'(iS (-all evltlatr thi1r unoderl hocal 
conditions and use theim i ciosis if they wish. Several lines that have 
resistance to aII(ill tO,,,city, d Stc lOLis soll plobhlrl In sorrrrP 
regions, were ricluderd rI the croyssn block fir 1975. 

Two regional scII'Vonrg nurIse, es 0 cnidirrned by CIMMYT. 
One is the Reglional Disease ilr Idic Scwinir Nursery., ,r virug 
countries from 	Inia to Morocco The rithi is the LaItin 
American Disvairrand Insect Scrunq NursIVIr Iil, 'itterl Iirri 
in 1975. Bolh 	aini tu frd broad dlsriasei "isitiiicr lir irierital 
wheat lines. 

A trap nursery of cornimeicral wheat vari ies of the Eastern 
Hemisphere is grown thioughout 'he Medi tei ianean and Midirast, to 
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assess the vulnerability of commercial varieties to new races of 

rust and other diseases which spread across international borders. 

Soils in some areas of the world contain levels of aluminum that areAluminum 
toxicity 	 toxic to most wheat varieties. The problem is severe in parts of 

southern Brazil. Several tall Brazilian wheat var ieties survive in soils 

with high aluminum content but are not high yielding. Since 

1974 CIMMYT has cooperated with FECOTRIGO, a Brazilian research 

F 1 seeds at Ciudad Obi egon so that largeoianization, by planting their 

numbeis of double crosses can be made with ClMMYT F 1plants. 

In 1975 this hr lateral inter national coopetation was extended to 

EMBRAPA, another Brazilian national institution, and a mote 

vigorous ci ossing program is beingl attempted. Part of the resulting 

seed will be maintained at CIMMYT for selection, but the bulk 

of the seed will be shipped to Brazil to accelerate wheat improvement 

there. 

at, maor 	mpo ts for many countr ies in theWheat for the Wheat and wheat 1our 


humid tropics humid tropics. Seveal u untries are investigating the potential
 

for growing whuwa ir their "winter" season -the period of lowest 

humirdity and temperature 
To help thesw arers, CIMMYT in 1974 began screening wheat germ 

plasm at its lowland tilopical experlment station at Poia Rica. Tests 

in 1974 and 1975 showed ihat Snete Cei ios, the world's most 

widely planted wheat, is the best agr onomically adapti'd variity under 

warni tropical welither cnditions, but it is susceptible to the fungus 

disease HeInmthui/ostoriroi stIVim). This is the foremost d-sease 

problerm t Pit Ricaiand other tropical areas. To find sources of 

resistance, 6000 li ies Irom the world wheat collection were grown at 

The vai ieltes Sturdy and Horizon weri found toPoa Rica in 1975 

have a legreie of H lenithosporur reisistanc:. Crosses were made 

to many Mexiciin var reties, and the F2 piogeny will again 1)etested at 

Poza Rica 

Much inore mifontmaton is needed on the behavior of wheat in 

the hurnid tropics before this exploration can move to commercial 

scalh. But tesults so far are promising. 

DURUM 	WHEAT 

Durum wheat is an important food around the Mediterranean, in 

the mideast, parts of India, USSR, USA, Canada, Argentina 

and Chile. In developing countries durum is usually consumed a, 

CIMMYT REVIEW 1976 54 



Durum varieties released in Mexico between 1950 and 1975. 

Year of Year Yield Plant Disease reaction Test 
Mexican Variety of potential a ht. a Stem Leaf Stripe Sept. weight PigmentC 
release name cross kg/ha cm rust rust rust tritici kg/hl ppm 

1941 Barrigon-
Yaqui d 4000 130 0 TS 70S R 75 4.5 

1960 Tehuacan 60 1954 4200 150 0 10MR 2UMS R 81 5.5 
1965 Oviachic 65 1960 7000 90 0-40MS 30S 5M9t S 81 7.2 
1967 
1969 

Chapala 67 
Jori C 69 

1961 
1963 

7000 
7700 

85 
85 

0 
0 

1OMS 
TR 

10MR 
5MS 

MS 
S 81 

4.0 
3.7 

1971 Cocorit 71 . 1965 8300 85 0 5MR 5MS MS 81 3.6 
1975 Mexicali 75 1969 8600 90 0 TR 5MR S 78 5.8 

a! Measured at CIANO experiment station, at high rates of fertilizer wjith irrigation, and in the 

absence of diseases. bi In Mexico, 1975. R : resistant, MR moderately resistant, MS moderately 
susceptible, S - susceptible. F.gures before letters indicate percentage of infection. c/ Cirotinoids. 
dl Farmer's selection. 

couscous, bread, chapatis, and more rarely, as macaroni and other pasta 

products. For such countries good pasta-making quality is not highly 

important except in countries which export durum to Eutope. 

Durums were first dwarfed in Mexico in the early 1960'%by crossing 

tall durums with dwarf bread wheats. Iri 1968, Cl MMYT ixpanded 

its work on diurums and durum progiess in the 1970's has beirn 

notable. 
Since 1968 CIMMYT breedeis have been able to pioduce durum 

lines with vastly higher yield potential and wider adaptat n The best 

durums now equal the best bread wheats in yield. 

The linkage of the dwai fing gene with stet ility in du ur-ns has been 

weakened but not totally niaset, 
Breeders have identified sources of disease resistance, especially 

resistance to rusts and septoiia, which are being crossed with high 

yielding dwarf durums. 
Cooperation among dLIum bieeders has hastened the Wrlease of 

high yielding varieties. CIMMYT acts as a coordinator and catalyst for 
international testing. 

Several national programs in the Meditlrranean and Near East 

regions have released Mexico-bred durum varieties. These include: 

Algeria -Cocorit. Jori. 
Cyprus -Amel, Maghrebi, 
Iraq -Cocorit, Jo ri, 
Lebanon -Cocorit, Jor. 
Saudi Arabia -Cocorit, Jori. 
Tunisia -Amel, Maghrebi. 
Turkey -Dicle, Gediz. 
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Better fertility 	 As in bread wheats, the introduction of the Norin-10 dwarfing gene 

caused some sterility in durums. The development of Cocorit (1971) 
showed that the linkage between dwarfing and sterility might be 
broken. In the variety Mexlcali (1975) the linkage to steiility was 
fuither reduced. Neveitheless duiums still have lower feri tiliy than 
biead wheals. This means that duium spikes contain ahigher 
proportion of empty spikelets than do bread wheats. The best duiums
 

aie able to equal the best bread wheats in yield because the weight
 
of each grain for duuum wheat is normally heaviet. If moie spikelets
 
wete filled, durums might substantially outyield bread wheats. An
 
extra penalty of dwarf durum's tendency towaid sterility is that
 
moisture stress during drought increases the nutber of empty spikelets.
 
Durum breeders are increasing their emphasis on higher fertility.
 
In 1975, they began testing methods for quickly assessing fwfility in
 
early generation.
 

Disease resistance 	 None of the highest yielding released durum varieties can be consider
ed strongly resistant to rust diseases or septoria. Resistance is 
especially needed in humid coastal regions. 

International screening nurseries, in which large numbers of lines 

are rated mainly for disease resistance in many locations around 
the world, identify early generation lines that have strong resistance. 
Breeders then can use these lines as sources of resistance to improve 
other lines. 

Durums from the USA are being used as sources of good stem 
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lust lesistance. The drawbacks of U.S. dururns are their tallness and 
their susceptibility to iipe lust. They have good pasta-making quality 

Although duium lines are sci ene(l for leaf and stem rust esistance 
at Ciudad Obregon, lust races at this location are mole vitlileot on 
the bread wheats than on dUums. Thewefore lust data iar',is 

collected in northeasten Mexico where lusts, mainly leaf iLoN, Cts 
a severe infection inthe dUooms so Ieslstanl ctjltvals can It' deiiiitid 
Durums are also tested along with hiead wheits at Pdl.'Tuaio, lexico, 
for septoria resistance. A high level of ntul infect ion irwcjni '1 
Patzcuaio. Although 90 peicent of the hiiad wh,,ais had idohiiatl 
resistance there, only 10 peicent of the rluimis showd j(rorl ,silalrr, 

Better yield Cocorit, a Mexican release in 1971, has ),en until now OhW shidi. (I
potential for a hiqh-yelding, widely adapted duiurn It has been so 

Two fotnrer CIMM Y 1 traines, G. Gehteye.-hi of Ethiopi, loft , id M. 
Bouchotrrouch of Morocco meet it i regional whet wrshp m 
Tut~nsia7. 
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successful that 	farmers in California and Arizona, USA have been 
buying a large share of the Mexican ciop of Cocorit seed. But 
the line Stork "S", released by Mexico in 1975 unde the name 
Mexicali, is setting a new standard. In the 6th International Durum 
Yield Nursety, Mexicali outyielded Cocor it at 12 of the 28 rupoi ting 
locations and it showed similar yield to Cocorit 71 in another 
four locations. 	A Irqe pot tion of its yield advantage over Cocoi it 
can be attributed to Mexicali's lower dtlegree of sterility and large 
seed. Mexicali has, in aditilton, markedly bette (Irain quality than 
Coco itand other Me'xican rlilt ties.in var 


Mexicali's yield pie eminence is likely to he short-lived howeve. 
In the 1975 halvest (it Ciudad Ohiegoir, brteeders found 47 lines that 
yielded more than Mexicali. Since those lines included several 
crosses of Mexican types with U.S. and Chilean durums, their grain 
quality and disease resistance are likely to be good. 

Cold tolerance 	 DurLmm growing extends into higher elevtions in such countries as 
Turkey, Algeria, and Chile. Two types of cold tolerant durums 
are needed for higher elevations and for clurum areas far from the 
equator. True winter durums, types that require vernalization 
(exposure to a cold period) to induce flowering, are needed in some 
areas. Other areas need varieties that can do well through short cold 
spells during the growing season. 

CIMMYT breeders have assembled seed from the world durum 
collection and from national programs which are believed to carry cold 
tolerance. They will use them to transfer greater cold tolerance 
to spring durums. 

CIMMYT breeders are also turning to the bread wheats where 
winter growth habit is more pronounced than in durums. The breeders 
are using winter bread wheats and the progeny of spring x winter 
bread wheat crosses as parents. Crossing bread wheats and durums, 
however, brings with it new sterility problems. 

Drought tolerance 	 CIMMYT is screening many lines including tall durums to find 
accelerated maturity. Such durums should combine a long vegetative 
period, which would allow them to flower after the danger of 
late spring frost is past, with a rapid grain filling stage before the 
onset of extreme summer heat. Crosses are made with high yielding 
dwarf durums and the progeny are sent to the Mediterranean region to 
test for the presence of accelerated maturity and to measure yield. 

CIMMYT breeders are also using as parents several tall durums that 
have ability to withstand dry spells. Crosses [ave been made with 
high yielding dwarf durums and the F 2 segregating populations are 
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being selected by cooperating breeders at several locations for drought 

resistance, short height, and good grain quality. The lines selected 

are then used as parents in subsequent crosses. 

Better grain Durum grain is rated by CIMMYT breeders for kernel size, shape, nd 

quality density. The CIMMYT milling and baking laboratory rates the 

grains of all lines for pigmentation and evaluates macaroni made from 

grain of advanced lines. 
One failing of current high-yielding durums is their tendency to 

have floury endosperm in a portion of the kernel, instead of endosperm 

which is entirely vitreous. The mottled apperance of akernel with 

some floury ndosperm is called "yellow berry." This is undesirable 

in the market. The amount of yellow hetry tends to increase in 

durums grown in soils that have low nitrogen fertility. Mexicali 75 

has less yellow berry than Cocorit, and manv advanced lines have 

even less yellow berry than Mexicali. 

Pigment (yellow color measured by carotinoid content) is a prefer

red characteristic for pasta. But high content of lipoxidase, an 

enzyme, can break down carotinoids. For example, evaluations made 

in 1975 showed that the variety Haurani from Syria has a high 

pigment content in the grain, 7,9 ppm, but the color of macaroni 

made from it rates only 4 on a0 to 9 scale. A CIMMYT line 

called Cormorant "S" has moderate pigment content, 3.5 ppm, but 

its macaroni color rates 7. Gediz, a variety s.elected and released 

in Turkey from a CIMMYT cross, has both ahigh grain pigment 

content, and apparently, a low lipoxidase content. It has 6.7 ppm 

pigment and its macaroni color rates 9. CIMMYT breeders are 

using Gediz to improve the quality of newer lines. Varieties 

from the USA and Italy are also being dsed as sources of better 

pasta-making quality. 

A decade ago the Norin-lO dwarfing gene was introduced into durumsCrossingdurums 

with bread wheats by crossing dwarf bread wheats with durums. Now CIMMYT durum 

breeders are turning once again to bread wheats for certain desirable 
ri in plasm has in greatercharacteristics which bread wheat 

abundance than durum germ pla m. Disease resistance is one. In 

1975 the breeders chose numerous spring wheats for their resistance to 

septoria and rust and made 250 crosses with durums. 

The difficulty in this technique is that many bread wheats are 

incompatible with Jurums. Half of the 250 crosses set no seed. Thirty 

of the bread wheat parents crossed satisfactorily with durums but 

the progeny still must be recrossed with durums to improve fertility. 

Cold tolerance and winter growth habit are not widely found 
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Glenn Ando~rson. 

in durum germ plasm. CIMMYT breeders are using theF 1 progeny
of spring x winter bread wheat crosses to cross with durums in 
hopes of increasing the cold tolerance of durums. 

The most advanced material in this program was in the F3 genera
tion in 1975. Lines with good pa~it type, disease resistance, and
high fertility are showing up. Several hundred crosses between
spring bread wheat arid dunrins, arid between F1 spring x winter 
bread whe~ats and durums were made in 1975. 
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International Seven different types of durum nurseries were sent to a total of 47 

nurseries nations in 1975. The largest nurseries were the International 

Durum Screening Nursery which was sent to 68 locations and the 
International Durum Yield Nursery which was sent to 66 locations. 

TRITICALE 

A century ago, a British scientists crossed awheat plant and arye 
plant, producing a j.rogeny wheat x rye plant which was sterile. The 
first triticale-fertile wheat x rye cross-was produced in Germany in 
the late 1880's, but triticale remained 3n academic curiosity until the 
mid-Twentieth century when biochemical techniques were developed 
that increased the probability of getting fertile triticale plants 
from wheat x rye crosses. Improvement of triticale as acrop began in 
Hungary about 1947; other researchers in Europe and in North 
America soon followed. Whun CIMMYT was founded in 1966 it 
continued acooperative triticale project which had been established 
a few years earlier between the University of Manitoi)a (Canada) and the 
Rockefeller Foundation program in Mexico. 

The first triticales were tall, very late maturing, and had a high degree 
of sterility. Since then methods of creating new triticales have 
vastly improved. Large numbers of triticales have been crossed with 
each other and to wheats to concentrate desirable genes, and the 
best progeny have been carefully selected and tested. Today the 
best tr~ticales can compete in yield with the best wheats. While not 
without problems, tiiticales show some stiengths over other cereals. 
Triticales are nearing the point where they can be a sei ious 

alternative for many of the world's farmers and in three countries--
Hungary, Spain, and the USA- there are already sizeable plantings. 

New primary In the last 5 years, techniques for crossing wheat plants with rye 

triticales plants to create new triticales have vastly improved and the germ p:asm 

base with which breeders are working has expanded dramatically. 
A new primary tritt.-ale is created by fertilizing a wheat plant wirl 
pollen from a rye plant. A few weeks later the embryo is sirgically re

moved and placed in a nutrient medium where it grows into a 
plantlet. The plantlet is transplanted into a pot with soil and at the 
appropriate time it isbathed in the chemical colchicine to double the 
number of chromosomes ineach cell. Removing the embryo from 
the seed is necessary because the endosperm of the seed usually is 
unable to support germination and growth. The chromosomes 

of the plantlet must be doubled to allow cell division in the reproduc-
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tive organs to proceed normally, consequently making the plant 
fertile. 

Crossing a durum wheat (four sets of chromosomes) with a rye
(two sets of chromosomes) gives a hexaploid triticale (six sets
of chromosomes). Crossing a bread wheat (six sets of chromosomes)
with a rye gives an octoploid triticale (eight sets of chiomosomes).
Since 1973 the number of primary trl ticales created fis doubled 
each year.


Primary triticales usually are crossed with each other to producC
secondary triticales or they are crossed with secondary triticales 
to produce other secondary triticales. Octoploid triticales (from breau 
wheat x rye) are less fertile and less vigorous than hexaploid triticales
(from durum x rye). But by crossing hexaploid with octoploid
triticales, one or more sets of the bread wheat chromosomes can bemoved from the octoploid titicale into hexaploid triticales. Nearly all
advanced triticae lines are now hexaploid but most have been crossed 
at some stage with an octoploid triticale. Thus the best chiaracter
istics from bread wheats have been introduced into hexaploid triticales. 

Triticale products In 1968 kernels of triticales yielded only 50 percent flour because of
poorly developed seed, compared with 70 percent for bread
wheat. In 1975 iriticales tested at CIMMYT had a flour yield of 53 
to 69 percent. Baking tests are being conducted with tr iticaleflours and mixtures of triticale and bread wheat flours. Some 
triticale lines provide flour that is better for hard rolls (bolillos) and
cookies than the soft bread wheats. When triticale flour is usedito make chapatis, they keep moist longer than those made from bread 
wheat flour.
 

Winter x spring 
 The weather pattern at CIMMYT's Toluca experiment station allows 
crosses winter-growth-habit cereals planted in November to flower at 

the same time as spring.growth.habit cereals planted in January. Thus 
crosses of winter triticale x spring triticale, winter rye x spring whe3t,
winter wheat x spring rye, and winter wheat x spring triticale canbe mdde in the field on a large scale. Since winter ryes have been improved much more than spring ryes in the world's breeding programs,
access to this pool of germ plasm greatly increases the variability
in the rye component in new triticales. Among the benefits of such crosses are earlier maturity and better cold tolerance in spring
triticales. At the same time, triticales with winter growth habit arebeing produced. The first test of winter tr iticales was conducted
in Ontario, Canada, in the winter of 1974/75. Ninety percent of the 
planting was killed by cold and most of the survivors were very poor
types. But one plant in ten of the surviving triticales looked as 
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good as spring tiiticales grown in Mexico Thiese airt tit, paenIt stock 
for continuing improvement. 

Wider adaptation One penalty of the nar iow gei rn plasm of emu ly ti Iticales wis Ithirl 

lack of adaptability. That is, whm tested it many locatinrs thiolighi) lt 
the woild they wile unable to give coisistently high Yields In th, 
Fiist International Twiticale Nuisery 1111969 70 the vwrld of the 

best ttiticale var letes weie only 75 pFiceii of the yield ot Pit,( 'I 
widely adapted dwai fo ad wheat Since thenitruiatles h'iv, pimpiisrI.c 
and in the fifth iruismry (1973 74) th (mliitidl-d whui click 
vaieties intennationally. A ste dy ulnwaid trend irr ariapitoin has thu'S 
bren obsei wed. 

New rye parents Since 1972 CIMMYT bnIedCi, hiV assTihhIid a w oWId ciil,.(:{tr)I ()fIyl 
which Includes 500 vaieties. In alltion CIMMYT sci:,t ,,hivl, 

collected land iacts (native i yes) in Turkey to Iincin, pn l,,rNin 
available foi criating new triticdhls. A short iy cailled Srii()en, was 

used extensively to iLeduce the hig,(lht of i ticalhs. II idd lI') iIhdor 


short, the progeny of Snoop-y ae ealy matuiunl hit ti-nd t) ho 
Susceptible to dis:ases and they fhjvw small ,pikes (gilin h1d"i 

CIMMYT breeders crossed Snootv with tall, lat! I ves to g, tfr, 'in ly, 

long-headed ryes which are now being used as parerits tr Irfl(',lha,to[w 

hields /wl 
McCuj ivin, right, former CIMMY T stiff ernhetrlr curritly wth 
Oregon State Urversity ,rd. ftromleft, Jesse Dubn,.Mohan Kuhl, ard 
Sanlay, Raliarrrr 

A reuir wl inr the Cwd,d Ohtr, vp/im op.,,rrnfrtittwevo KVi 

, If.
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Better disease Triticale shows good resistance to serious diseases of wheat. But most 

resistance triticales do not have adequate resistance to such diseases as ergot 

and head blight (Fusarium spp). To identify sources of resistance, 
Thesetriticale screening nurseries were sent to 90 locations in 1975. 

nurseries will also provide information on diseases that might become 

important once triticale is grown widely as a crop. 

The rapidly increasing number of new primary triticales which are 

being created has greatly expanded the amount of genetic variability for 

disease resistance in triticales. 

Better protein Early triticales had an extraordinarily high percentage of protein 
As the plumpbecause the shrivplled grains had a low starch content. 

ness of triticale grains has improved the protein percentage has 

Grains of high yielding triticales now have 10.5 topredictably fallen. 
13.5 percent protein, which compares with 10 to 12 percent protein in 

bread wheats grown in the same fields. Protein quality is generally 

measured by the percentage of lysine, which is the first limiting amino 

acid. Advanced lines of triticale in 1975 had 3.2 to 4.2 percent lysine 

Thus under Mexicompared with 2.3 to 3.0 percent foi bread wheats. 

can climatic conditions triticales produce total protein which is at 

least 10 percent higher than that of bread wheats, and the lysine 

content is generally 50 percent highpr than that of bread wheats. 

Triticalo's future 	 CIMMYT scientists believe that a new crop like triticale must earn its 

place in farmers' fields and the market place. CIMMYT's role is 

to see that it is widely tested. Thereafter, triticale should be grown 

where it shows commercial advantage for bread-making, or animal

feeding, or animal-grazing, or distilling. 

BARLEY
 

Barley is abasic food in regions where the growing season is too short 

or the rainfall inadequate for other cereals. Substantial populations 

eat barley in the Mediterranean region, Mideast, India, China, Korea, 

the Andean Region, and Eastern and Northern Europe. 

Although improved barley varieties have been developed for 

brewing beer and for cattle feed, varieties for human food have been 

virtually ignored by plant breeders. Yet barley is the staple food of 

millions of persons who live near the margins of the deserts and in arid 

high plateaus. CIMMYT's barley program began in 1972 with the 

aim of producing varieties that are suitable for human food and give 

high stable yields. 

CIMMYT RE VIEW 1976 64 



Most barleys eaten by human populations are low yielding, 

susceptible to disease, and narrowly adapted, that is, they per form 

poorly when moved away from their native area. The grains of most 

varieties have hulls and are useful in making beer or feeding cattle, but 

the hulls must be removed before the grain can be eaten by humans. 

Additionally, barleys for beer making have been bred foi lorw iplotrn 

content, too low to make a satisfactory staple human diet 

After 3 years of testing, CIMMYT has assenibled good hiending 

sources of nearly all characters it wants to inco porate in iar ley var eties. 

Crosses have produced large numbers of badey lines combining several 

desirable characters. Some advanced barley lines now contain higher 

yield potential, wider adaptability, and naked (hull less) k 'intIs. None 

of these lines yet show a sufficient range of disease rsistance 

Wider adaptation 	 Lack of adaptation is caused in part by sensitivity to daylen(Ith 

Varieties with sensitivity flower only when a cei tain length of day 

occurs. If temperate barleys are planted in the tropical /one, they 

may flower too late, or not at all. CllVIMYT bieeders arhable to 

eliminate daylength sensitivity by growing lines in the winter at ,i 

location at 27 'N and in the sumrner at a location at 19 N Sinc, the 

winte location is a sea levei desert and tile summer loc,ition i 

humid plateau at 2200 n elevation, the bal Icy hires arc. subjected to 

vastly different environments, and only those that show wide adapt3 

tion survive. 

Greater disease Severe epidemics of the two leading barley diseases, scald (Rhyl:ho.s 
resistance porium secalis) and powdery mildew (Erysiphe gramilil"s (f111 rg 1975 

allowed hi eeders to identify paients that have strong lesstalicr to 
these diseases. Benton. a vatiely from the USA, has notable resistance 

to scald. Fifty percent of the other breeding lines were discaiid 
because of susceptibility to thes disrases 

While a severe epidem ic jolps 1)brerrS spd)t gfood sourtces of resist 
ance, it interferes with testing for other diwseases The Inteintional 

Barley Observation Nursery provides nfrmation on the resistance of 
lines to numerous diseases. The Third IBON containing 250 lmes 

was sent to 42 location. around the woi ld in 1975. Sice the pr,. 

dominant disease prohhlerns tend to difer froni location to location. 
the results of the IBON live hieedvis irformation or, iesisainci nf each 

line to various baley diseases 

Naked grains 	 Varieties with naked (hull-less) grains will save ba hry.catens the labor 

of pounding on soaking barley to wrmove the hulls. Through crosses to 
Godiva, a variety from USA, and other naked types, 40 percent oh the 
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barley lines in early generation now have naked grains. The plumpness 

and size of grain in naked types still requires improvement. 

Better protein CIMMYT breedes dim to Iiise the quality of barley protein. Protein 
quality can be impioved by increasing the amount of lysine, an 

essential amino acid. 

About 40 peicent of early generation lines now have one or two 

sources of irpioved piotein quality in their parentage. The Hipioly 

variety, one of the sources, has a high protein content and a gene for 
high lysine content. Riso Mutant 1508, the other source, is an induced 

mutant with about the same protein content as Hiproly and JToLt 
15 percent higher lysine. Unfortunately, both varif ties cause shrivelled 

grain in theii progeny. And attempts to improve the plumpness of 
the grain lead to lowerld lysine content, especially in plogeny of Riso 

Mutant 1508. Since the linkage, between lysine content and shrivelled 

grain is less difficult to break in Hiproly progeny, the program emphasis 
is shiftii to Hiproly as a source of better piotein. Some progenies 

of crosses with Hiproly have up to 3.5 percent lysine which is less than 
that of Hiproly itself, but still well above the average for barley. To 

eliminate shrivelling breeders are ci ossing the lines with Egyptian 

)atleys that have heavy plump g aims. 

Earliness In many areas, barley is the only cereal that matures quickly enough to 
produce grain in a hr irefainy season or in a short frost free summer. 

Super Priecoz, a line from USSR, flowers in 40 days and carl be harvest. 
ed in 70 days at Mexico's latitude. Like most very early lines it has 

low yield ind other deficiencies such as a tendency to lodge and 

r~1r 
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susceptibility to disease. Nearly 100 other lines, whilenot as e,ly 

to 20 days eai her than any commuicialmaturing as Super Precoz, are 15 


variety and they lave 
 less lodging and better disease resistance. 

These lines will be yield tested in 1976. 

High quantity of protein, and naked hulls, have not yet been 

combined in the same variety with early maturity. 

Stronger straw 	 Among the chief reasons that traditional baileys yield poorly is their
 

tendency to lodge (fall over) before harvest. Most baileys are tall,
 

have weak stems, and weak root structures.
 

CIMMYT breeders have crossed a short Indian mutant with taller 

varieties to improve this agronomic feature. The progeny themselves 

are too short to be used as varieties by farmers, especially those who 

use oo fertilizer and who do not control weeds. Instead the short 

progeny are being used as parents to reduce the height of other tall 

barleys. 

Some varieties from Japan and the USA are sources of strong 

stems; Mexican barleys are providing sturdy roots. 
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Higher yield In 1975 the barley program reached the stage where the first advanced 
potential barley lines could be yield tested. Trials at Ciudad Obregon showed 

that under optimum conditions (irrigation and no disease) 10 percent 
of the barley lines were capable of equalling or exceeding the yield 
of the dururn and bread wheat check varieties. Moreover, the barley 
yields were achieved on one less irrigation than was necessary for the 
wheat varieties. 

Twenty-five barley lines that showed high yield potential in Mexico 
were assembled into sets arid sent to 32 locations in barley growing 
countries as the First International Barley Yield Nursery. These were 
shipped in the spring of 1975 for fall planting, and data should be 
returned in 1976. 

New crossing A bottleneck in any cereal improvement program is the number of 
technique crosses that can be completed in the brief time that the crop is in 

flower. In barley the flowers are set deep in the leaf sheath making it 
difficult for the breeders to remove the male organs. The breeders 
tested anew emasculation technique in 1974 and used it on a large 
scale in 1975. They cut away the leaf sheath surrounding the 
inflorescence (flowers) which exposes the anthers and makes them 
easier to remove. The technique allows the breeders to do 800 
emasculations a day with fewer workers than were needed to do 300 
a day in previous years. An additional advantage of the technique 
is that when it is properly done the ovaries are more receptive to 
fertilization, so more seeds are set. 

International 
testing 

The yield potential, disease resistance, and general performance of 25 
advanced CIIVIMYT barley lines are being tested in replicated trials 

at 32 locations around the world in 1975-76. This is CIMMYT's first 
interrational harley yield nursery. 

In addition sets of 250 barley lines were sent to 42 locations as 
the Third International Barley Observation Nursery. This unreplicated 
nursery will provide readings on the insect and disease resistance of 
the lines for scientists in national programs and at CIMMYT. 

DEVELOPMENT OF NEW GERM PLASM
 

For several years CIMMYT has been developing unconventional germ 
plasm which can be used as donor parents for future crosses inbread 
wheats,durum wheats, and triticale. The progress of this work 
can suggest the nature of new varieties which may emerge over the 
next 5 to 10 years.
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Special desirable characteristics are being refined and "pyiamided." 

for subsequent transfer into well adapted, high-yelding, disease iesistant 

lines. 

Most semi-dwarf varieties of broad wheat get their dwat Igri(llenes f n mNew sources 
of dwarfing Norm-10. Two later varieties in the b ,eding program, S948A1 and 

Tom Thumb, have difterent dIwar ing genes than Nom 10 By 19/4 

had produced uniform lines Involvingl thrsi new souicrit, of
CIMMYT 

ii yiel( ti iis harvsted in 19/5dwarfing which were then r1iown 
to CIANO F61 hut ce i=v;ng tIh.One trial consisted of linos simila, 

two new dwarfing genes. The lines prodocr!d higher yietSh r'.11r011'ri 

and more spikes per SgLUale meter than CIANO F67, ind 19 ulut, 21 

piogeny had more g.iams per spike. MatLIIIty WdS (lual. A su'uriril 

to INIA (i6 hut iaryriqtrials consisted of a number of lines similar 
nore thirn INIA66 nidthe new dwarfing genes. Thes lines yielded 

li a third trial nine lines dlivo-dequalled the yield of JlpateCO 73. 

between Santa Elena alrd S948A I outyreldvd JLIpaht(:r 13,Iiom crosses 
Super X, Torim 73, and Yecora 70, four of the highest Vielding 

commercial var ieties iii MeXiCO. 

In general these It ials showed that within cer tain limits it is possible 
and taller varwtitir's byto increase yield Of a nillmbeI of the older 

shortening the plant. Thus dditional genes may be used to obtain 

still higher yields if they are incor poi ated into the presently available 

dwarf varieties. 

Branched spikes In most wheats, spikelets ari, adianged alon acentral axis called the 

achis. By contrast, some wheats have abranched rachis which mikes 

room for more spikelets. This In turn rneans that a branched spik, 

might produce more grains than nor real. 

Since 1970 branched wheats at CIMMY1 have been Improvd in 

fertility, grain plumpness, more vigorous tille ig, stronger stems, 

and greater disease resistance. 1In1975 one brancheid-spike of bread 

wheat M. Roo x 118156 (R)4 outrpuduced Super X and Jupateco 

73, two bread wheats and was equal to the two duium varieties 

Stork (S) and Cocor it. 

Protein In 1974 using 11 lines or varieties of wheat which had been 

or higher proteinimprovement identified as having higher plotein ,uantity, 

quality, or both, CIMMYT irntiated a crossing program to transfer 

these characters from poor plant types into more desirable genotypes 

with higher yields. 
A trial of 34 lines in 1975 produced yields of 5600 to 8900 kg/ha 

18 6 percent of graincombined with protein ranging from 15.3 to 
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weight. The check variety CIANO F67 had 14.8 percent protein as a 
check. Tests for protein quality (dye-binding capacity) si, ,w normal 
or better quality of protein than the check variety. CIMMYT breeders 
conclude that it is reasonable to expect asubstantial increase in 
protein by this approach, with the possibility of improving protein 
quality as well. 

WIDE CROSSES 

Progress with triticale (rye and wheat) has prompted CIMMYT to 
investigate the possibility of creating other "wide" crosses between 
genera, such as wheat, barley, oats, and rye. 

In 1975, several crosses involving barley and durum wheat oi bread 
wheat were successful. The barley was pollinated with wheat pollen. 
Seed set occurred without the use of chemical treatment. The hybrid 
seed, however, was small and lacked a normal endosperm. The seed 
embryos, which were small and badly formed, were excised fiom 
the seed and placed in aspecial nutrient agar medium. Seven of the 
embryos developed into hybrid wheat-barley plantlets. 

The hybrids between barley (14 chromosomes) and durum (28 
chromosomes) had the expected 21 chromosomes and the hybrids 
between barley and bread wheat (42 chromosomes) had the expect
ed 28 chromosomes. None of the hybrids showed signs that chromo
somes were being eliminated -a common problem in intergeneric 
crosses. 

The hybrid plants strongly resemble wheat in their general growth 
habit, in the appearance of the spike, and in resistance to powdery 
mildew of barley. Because the plants are haploid (having single 
chromosomes instead of paired chromosomes), they are sterile. 
Cytologists plan to use colchicine to double the number of chromoso
mes, as is routinely done with triticale haploids. 

Much preliminary knowledge of chromosome behavior is needed 
before this work can approach a usable product. CIMMYT expects 
to continue its work on a modest scale, to evaluate the work every 
few years, and to encourage basic research institutions to engage in 
similar investigations. 

PHYSIOLOGY 
Yield inoptimum CIMMYT's wheat station at Obregon experienced cooler-than-normal 

environment weather in 1975, especially in April, which prolonged the growing 
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season and raised yields of several wheats over 9000 kilha For exam 

ple, in optimum management t ials Yecora, a three-gene dwai I. vield"d 

9070 kg/ha. In comparable trials conducted during the previous 4 

Thus inthe absence of 
years Yecora yielded 6410 to 7950 kg/ha. 


disease and with no lack of water, small differences in mean tempera.
 

tures and solar tadiation can cause yields to differ by up to 35 percent 

Eight out of 48 lines in the optimum-managemen t trials yielded 

Five of the eight lines were bread wheats and tlie over 9000 kg/ha. 
were Iurums. 

To 
Selecting plants in In eariy generations only ahandful of seeds exists for each cio:s. 

to maximize the incteast nf sie.l,early generations make visual selection easier and 
While

early generations are planted at abnoimally wide spacinls 

plants can be discarded for poor plant type, weak disease resistaic, 

etc., yield potential cannot be assessed until later genleration when 

enough seed exists for teplicated ttials. 

Average yield of Mexican varieties under
Pushing back thi yield barrier: 

Physiologyoptimum m"-agLment and in the absence of disease 

trials at Ciu( d Obregon, Mexio). 

Yield, t/hc (ratio scale) 

Yecora
 
semi-dwarf, 75cm 

8-	 Slate Cerros 
semi-dwarf, 11c 

0 
7-


Pitic 
first Mexican 
semi-dwarf, 110 cm 

00zraor 
6-

Nainari -
tall, but strong 
strewed 

0 

Penjamol
Nadadores-0 

Nn 
Na 

LotmJupateco 
Torm 

L Cejeme 

1 Snora Tean 

Yaqu . Tanori 

Tobarl 

5 CIANO 

I0II 


68 70 72 741950 60 62 64 66 

YEAR VARIETY RELEASED IN MEXICO 
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Physiologists have been looking for a simple way to predict yield 

potential on the basis of single plants. In 1974 and 1975 they tested 

dozens of genotypes in spaced plantings and large plots to compare 

measures such as grain weight, grain number, spikelets per spike, and 

harvest index (ratio of the weight of the grain to weight of the entire 

plant). Harvest index of widely spaced plants was consistently the most 

reliable indicator of yield of norrally spaced plants in large plots. 

If harvest index proves successful in predicting yield when measured 

in segregating populations, physiologists believe that its use may permit 

breeders to reduce the number of lilies that at ca ried to later genera

ions where a laige pi oportion are relected for inadequate yield. 

Moreover, use of harvest index might reduce chances of eliminating 

early -gener tron plants that have a high yield potential. 

In the arid envitonmirnt of northwest Mexico the plants do not have 

to be oven-dried to get a reasonably accurate estimate of harvest 

index. Never theless, measur ing harvest index on a plant might take 

twice as along as mor e visual selection. It remains to be seen whether 

the benefits of using harvest index outweigh the reduced number of 

plants that can be selected in a day. 

Plot size 	 In yield tr ials crmpetition between differ ent genotypes in adjacent 
plots can bras the r'sults. Physiologists compared standard four-row 

plots, where all tows were harvested, with five-row plots, where only 

the three center rows were harvested after the plot ends had been 

temoved. They found that four-i ow plots bras yields in favor of tall 

genotypes. Most of the bias irsults from competition for light from 

the outer rows of aljactt plots. 

Yield potential One outstanding varrety of br ad wheat, of dur utm wheat, and of triti

in three crops cale were compared under optimum conditions (irrigated, well

fertilized, no disease problems) as part of a continuing study to 

identify barriers to higher yields, For the first time durum, represent

ed by Mexicali 75, a new variety, appeared as the highest yielding 

and most efficient genotype. Mexicali has a very high harvest index 

and large kernels, Its tillering and leaf area index are below average 

(leaf area index is the ratio of total crop leaf area to the area of land 

occupied). The bread wheat variety Yecora yields almost as well as 
Mexicali by producing many more grains per square meter although 

the grains are substantially lighter. 

Erect leaves 	 In 1975, physiologists began to test the idea that wheat plants with 

erect leaves might be more efficient photosynthetically than plants 
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with the usual droopy leaves. Yield trials of irlated spI "'1 wheat 

populations bred specifically to have leaves at vaying degiees Of 

erectness showed a statistically significant refationship frttwemni higher 

yield and more erect leaves in some lopultii ns, 11ill11,1i1ly, because 

the number of grains pet square metei incieased. Oni the othei 

hand, erect leaves wer, also associated with suimewnilat .-tver kerril 

similarly associated with lowerweight. In duIrms, Ciect leaves were 

keinel weight, but grains per square mrti i did not incio.;,,, so Vields 

fell. 
More studies will be needed to lfet'r1iiue whthi, lIese iesponses 

reflect underlying physiological efhfcts of erect leaves orI whethe, 

they are unique to the particular einrrs inewrused in these exlere 

studi., neShade and Studies with 12 wheats in 1975 confir med eai rhei 

yield potential previously on one variety, that the amotunt Of Sunlight 	aplant 

flowe ing. IIreceives is most ci itical in the 30 (lays before and 	after 
is chOuCy) InIsolar iadiation is low (for example if the weaithit 

o, glainsthe 30 days before flowering, fewer than the norr,l rntinhfri 

d If solar tadatiuin I, low in the 30are foimed and yield is ioeduc 
days after flowerilng, a eductInr InIkernfl sr/c reduces yields in 

i)Wntto JILIrIr numbr as thelcool seasons. In general these :esults 

key to higher yields, and to solai radiation in the month before 

flowering as the key to 1r,0n niu1 nber. 

In a trial involving b4 brewad wheats, durums, tritical,]s, ind bar'.ys, theDrought resistance 
mean yield of shoit bread wheats and short durums under liought 

stress was equal to the nean yield of tall bread wheats and batlcs 

about 2500 kg/ha. In control plots (with adequate iiirigatlir), yields 

ranged from 5000 kg/ha (tall bread wheats) to 7000 kg/ha (sher 

durums). 
The early maturity of baileys is an advantage under droLught. In 

effect, because they ripen sooner than wheats, barleys do not hay' to 

endure drought for as long. Moreover, barley yields include the 

weight of the hulls, so the actual grain yields of bailey under droriuhjI 

stress are perhaps 5 to 10 percent lower than the yields of bread 

wheats and the short durums. 
The experiment again provided evidence that all wheats do rot 

necessarily perform better under drought than short wheuts The 

mean yield of the 11 dwarfs, 100 to 110 cm tall Vneasuied urrjer 

was 2600 kg/ha, the yield cif N.ve nie dwart&,well-watered conditions), 
90 to 100 cm tall, was 2570 kg/ha, while the yield of the eight tail 

tUnder droug)-v, thewheats (averaging 120 cm tall) was 2520 kg/ha. 
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Wheat growth in 
hot, humid 

climates 

AGRONOVIY 

Trials in farmerc' 
fields i;%an 

irrigated dusert 

A rainfed 
high v(ateau 

CitJfV'. 

inherent productivi, I'xf short wheats i'not completely . bsed, tio 

thLr yields match thoke of the tall wl-jats even tthough soc e tall 

wheats may have genes for druught resistance. 

Many nations in the hot humid tropic; import IUrge amo,.'its c'wheat. 
Several are in,.r&isted in reducing t rnpc-ts by growing wheat irmi. 

their relati-A cool, dry, ',. itet seaion. Vos: wheats do not gow
 

well becaue of p'py, -jlo3ica. d.,v ders in addc'on to sek :r. insect 

and disease proble-. s. 
ill ')75 phy-si-logists contifiJed studies of th,.. adaptabi, I of soling 

vheats and ritical s at four locations in Mexicr ', ',ch inc, from 
hot and hun, tr *o31 and dry. Temperature is 'Ie n ie phi iiological 
reason tlo Ito ; ,iie:(!'. ,i not cin." uri, there were ii ,irations that 
if solar r,,diaticr JlevI8, are hiqh. '-ie dele',.:j-us ,effect . high 
temperatLre is not a s e.. Sev,%Il tritici r , nes po';o.rt'i surprising

ly well at .he hot, ., r', ',£i' ,zi 

Five triticale lines were com,'lated with 'A Viralii '5 a V'ew OITum var 
iety, .nd Jupatecu, 73, a brvad w4,heat varie, %P five farrej.s' fielrtc 
i 
illIN irrigated Yaqui Vall,,, ol no-tvest Mexico. Thi rials ,v,.s 
grov r with the farmers' cc'.,tural pt eSires -,v"ich a eqfcjci r those -4 
the best farmers in the woroi Jupateco 23, t:ne briad v.,tt'at rariet 
grown by most farmers in 'ie area, yield!' q70O kr'.hi .- d Mexicali 75 

yielded 6800 kg/ha. The best triticales v -ie a line cal. .! Bacum, 6000 
kg/ha, and the variety Yoreme, 6300 kg/'ha The sligh d:, rence in 

yield of the trticales ii compLsison th th- bread wh, 3t and durum 
"a, icies indicat.- the ,r.. propT . ' .. 'reen ma,-, r, .iticale 
breedmq in ,ass than :'Rt;ade. &i '' . , te job that,,, r',gnitude o 

i'as aheaa. 

Barley is th,.'1radition i small grain gr," in the cc, arid areastear Ci 
Baian, CIMMYT's heatl-uarters on M'xico's higl- psotau. Firc 

triticales vere compared witl. a bread whiea* 3Tnd a barley varlet', in si , 
farmers' fields. The trials wei-3 conducted by CIMMYT trainee- ir,' 

collaboration with the Mexici.n extension service. 
Severs,' triticale entries yielded over 4000 kg/ha at some lor:-.ions 

reflecting a good r,.nNrng season, the apolicetion of 'ertilizer, L(4 the 

cootrol of wecds %vithherbicide. At fivt Jocations. Cleupat-a, a 
trea-l wheat developed by INIA, the Mexic,.. researC- service, ,or 
dryland areas, had tlk highest avera&- yield, 7"r,'l'kg/ha. Bardn wa! 
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, .~ 'U 

A trainee gets 

detailedadvice the highest yielding triticale, averaqing 3200 kg/ha. The barIey variety 

on ratingrust yielded 2700 kg/ha. Although presently available titticales oflet a 

risky in this area 
Santiago Fuentes, 	 better yield potential than barley, they are mote 

because their longer maturity makes them vulnerable to early frosts. 
wheat patholo-
gist, left. 

In two sets of trials at Ciudad Obregon, sulfur-coated urea, a ferI-
Nitrogen sources 


lizer that releases nitrogen slowly, showed no advantage. In one
 

1000 kg/ha lower than yields
trial, yields with sulfur-coated urea were 

from conventional fertilizers such as ammonium sulfate and 

WHEAT IMPROVEMENT 75 



Bread wheat, durum, triticale, and barley nurseries distributed by the International Nurseries 
Program, 1975. 

Bread Triti- Bread Triti-
Country wheat Durum cale Barley Country wheat Durum cale Barley 

North America 46 16 41 3 Switzerland 1 - 3 -
Canada 12 3 16 2 Yugoslavia 7 3 3 2 
USA 34 13 25 1 Africa 102 54 60 26 

Latin America 118 46 71 30 Algeria 12 13 10 5 
Argentina 22 23 13 3 Ca,,oo. 3 1 2 1 
Bolivia 4 - 13 3 Chad 2 1 - -
Brazil 24 4 13 1 Egypt 10 4 2 3 
Chile 10 5 9 4 Ethiopia 10 8 11 1 
Colombia 2 - 2 - Ghana 2 - 1 -
Costa Rica 1 - 1 - Kenya 5 9 6 2 

C1-,a I - 1 - Lesotho 1 - 1 -
Ecuador 6 2 4 4 Malagasy 1 - - -
Guatemala 7 - 3 1 Malawi 2 - -

Guyana 1 - - - Mali 1 1 - -

Honduras 2 - 1 - Morocco 1 1 1 1 
Mexico 16 9 8 9 Nigeria 5 3 2 2 
Nicaragua 3 - 3 - Rhodesia 4 1 5 1 
Paraguay 5 - 2 1 Senegal 2 - 2 -
Peru 9 3 7 3 Somalia 4 2 2 2 
Uruguay 3 - 1 - South Africa 14 3 5 4 
Venezuela 2 - 1 - Sudan 6 3 -

Europe 55 47 64 79 Tanzania 4 - 2 -
Albania - 3 1 - Tunisia 8 7 2 4 
Austria 1 3 - - Uganda 1 - - -
Bulgaria 1 - 2 - Zaire 2 - 1 -
Czechoslovakia 1 - 1 - Zambia 2 - 2 -
Denmark - - - 4 Middle East 57 57 23 22 
England 5 1 3 2 Cyprus 5 4 1 1 
Finland 1 - 1 - Iran 8 - 3 2 
France 3 11 7 - Iraq 8 7 1 3 
W. Germany 3 1 1 2 Israel 5 3 2 -
Greece 2 2 2 - Jordan 4 8 4 3 
Hungary 3 - 5 2 Lebanon 9 9 6 4 
Ireland 1 - 1 - Libya 2 4 1 1 
Italy 1 9 - - Saudi Arabia 1 2 - 1 
Malta 1 1 - - Syria 4 6 3 2 
Netherlands 4 1 3 1 Turkey 9 10 2 3 
Norway - - 1 - N. Yemen 1 2 - 1 
Poland 4 5 5 - S. Yemen 1 2 - 1 
Portugal 1 - 2 - East Asia and 
Rumania 5 1 4 - Oceania 133 33 79 26 
Russia 5 4 5 - Afghanistan 7 1 2 1 
Spain 5 2 9 6 Bangladesh 6 - 4 3 
Sweden - - 5 - China 19 2 5 2 

continued 
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Bread wheat, durum, triticale, and barley nurseries distributed by the International Nurseries 

ProGram, 1975, continued. 

Bread Triti- Bread Trilti-
Country wheat Durum cale Barley Country wheat Dururn cale Barley 

India 41 17 35 6 Pakistan 27 9 19 7 
Indonesia 1 - - - Thailand 1 1 1 -

Japan 
S. Korea 

3 
6 

-
-

1 
3 

1 
4 

Australia 
New Zealand 

12 
2 

1 
2 

5 
-

1 
-

Nepal 8 - 4 1 Total 511 253 339 126 

ammonium nitrate applied before sowing. In another trial in which 
the time of application in relation to sowing was varied, yields 
with sulfur-coated urea were no better than those from other 
nitrogen sources. 

INTERNATIONAL TRIALS 

In 1975 collaborating scientists in 90 nations planted ovei 1200 trials 

of wheat, triticale, and barley nurseries distributed by CIMMYT A 
nursery consists of a set of varieties or lines, some times as many 

as 300. Identical sets are sent to scientists in numerous locations. The 
results reveal the adaptability of each entry to dozens of different 

ecological conditions as veIl as the breadth of disease resistance of the 

entry. The information derivt d frorn 1year of testing at so manry 

locations could not b( equalled hy dicades of testing at one location. 

CIMMYT's international t,.stmg piogiani has grown from cooperative 

wheat testing organized in North and South Amer irain the late 

1950's. When the Rocketfelcr Foundation piogiam in Mexico received 

its first trainees fiomnoutsnd,! of the Americas iII the .arly 1960's the 

idea of world-widi less developed Th' Fir st Inter national Spri ng 

Wheat Yield Nurstry in196465 was the bieqiring Other types of 

nurseries have followed. Norseries ili' seit out arriuI.Jally inItriticales, 
durums and barleys as well as bread wheails Soe- noLIrrt!cres consist of 

F2 seed, others c:ontani ileased varleties, stilll tlhrrs have seed of 
generations between F2 and lhased vari;tles Cr tain nUsei Ps are 

replicated, other ate riot. 

The nurser ies are also a mechanism bor rlItI IbutrIIg germ plasm. 

Any entry in any nursery can be used as the local brteeder sees fit. Ho 

may use an entry as a parent for making crosses with local var ieties, 
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or make welections from the entry, or multiply the entry for direct re-
Ilvay- tr)fafli eFr 

A riot insiqnaficait berieflit of the nurseries is that they foster contact 

and coopriatio a r.rig cintst' s in nations with wide social and 

Politi;al dit fernc:s 
In 19/1T. 90 ionntrirrs rilwceived nurseories The total weight of the 

nurs.r io, shippjd by aii was 3500 kilograms 

Number of entries per nursery and distribution of each nursery, 1975. 

S ,t,(j,lrll ute(j (no ) 
nlii.l' Nr tlh Latin Middle East Asia 

Nitry pi-r iiiji.,rry Anriirica Aimen'rica Europe Africa East and Oceania 

Bread Wheat 
'rnilsil 1 ) , 239 3 6 1 3 5 11 

I to 1q,11i-11 482 1 10 2 6 8 17 
KIrlryholfi 480 4 16 3 9 3 13 
1r2 sl).1i m htmr 394 / 16 7 10 7 21 
lr Iltad willS [hi'lulolrq 386 8 36 15 37 16 36 

lilt Sluirt-11Wil,1 Y1l0 50 14 20 18 22 11 22 
Millidm 215 1 2 4 7 4 9 
lltSfllhtiiil ()[)%#-IVillloll 213 1 12 5 8 2 3 
1 1 756 1 0 - 1 I 

Durum
 
Ci(iiiry cik 128 1 3 1 1 6 4 
I2 littllaltrdr 89 10 82 9 t1 4 
V-2 (dryllid 76 2 4 6 7 15 3 
lilt I.ultlyl 289 12 12 16 12 11Screerll 2 

Irl I)ururi YnldI 25 7 12 15 13 5 7 
h. Ijurturti Yield 25 1 5 4 7 6 3 

1 - 2 2 1 

Trittcale 
Cro{ssing block 264 2 2 2 1 3 
F2 If'I0ad 204 6 9 6 5 3 12 
F-2 dry land 
l"2 sirIf U x winte 

425 
82 

8 
9 

8 
6 

9 
12 

6 
3 

2 
1 

1? 
10 

Irlt Tllclln' Scenring 300 4 31 21 24 1) 22 
Int Triutcale, Yield 25 11 12 15 18 6 19 
TrtiticalI Disease Resistance 102 1 3 1 2 - 1 

Barley 
Crossing block 361 1 5 7 5 6 5 
F 2 202 1 8 5 5 3 6 
tnl Baily Observation 250 11 5 9 8 8 
Exp. Barley Yield 25 1 6 2 7 5 7 

Total 106 265 185 242 159 271 
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WHEAT TRAINING 

For ty-six younq wheat scientists tlorn 22 coInti it's wi l l' Ii,rn1ld In 

Since 1960, 364 wheat scientists haviv,','iv,'dMexico durig 1975 
In-service tr alnlni 

The tiaiirig proqtams, which last 3 to 9 nionths, ,, ifh"%i(ln'd 

tield and lahol atol Y 'ierhiinlns, qiv, ,\l)tiirIiu'o 
to deveioI ,tilitly III 

iii wor king oil all iI ttldisciplirhil y Ir'si'a cli healll, arid Uncrt"I'. 

Lid('i stindlnq Iof d(aI| .ctlunt al delvtlopient II el.rtiil to s'h'at 

procductior. 

Irnirrr course 

in the winter SV,]s,)I at Ciulad Obrr'lon, to rairrir'( iorhk in ti' 

surniner near El Batan. Geato ermphasis was pl,rniid li ta'hinq 

the trainees tht: dtevrloprieit of a packalth' of li actiwvs illi,nri 

fields 
dislthrled lo h rrnr, 

The jIioductiori 1I I wrs shifted ioni iiii ttrtnl lihl, 

Three issues of Wheat Tewa FieldNotes weri 

Wheat in-service trainees 1960-75. 

Rr.qion arid country 19)5 1960-1b HiRuon and country I!r 1l, P)il0 It, 

Noth Africa arid Mideast 

Afghanistan 
Algeria 
Cypr us 
Egypt 
Iran 
Iraq 
Jordan 
Lebranon 
Morocco 
Saudi Arabia 
Syria 
Tunisia 
Turkey 
Yernan 

Tropical Atrica 
Ethioli 
Kenya 
Madagascar 

Niger ia 
Somalia 
Sudan 

Tanania 
South and East Asia 

Bangladesh 
India 
Korea 

13 
0 
5 
0 
1 
1 
0 
1 
1 
0 
1 
0 
1 
2 
0 

10 
1 
2 
0 

7 
0 
0 

0 
8 
3 
2 
0 

181 
18 
32 

2 
9 

12 
7 
6 
5 

17 
2 
5 

21 
35 

3 
33 

8 
5 
1 

11 
1 
4 
3 

61 
.11 

6 
5 , 

Nepal 
Pakistan 
Philippines 

Latin Anertci 
Argentina 
Bolivia 
Brai 
Chile 
Colombia 
Doriricrji Rep 
E cuador 
Guatemala 
Mexico 
Paraguay 
Peru 
Uruguay 

Other 
Frarrir. 
H mirrijr y 

Poland 
Portugal 
R urMIarli 

Spain 
USSR 
USA 

Total 

2 
1 
(J 

I I 
(1 
(I 
0 
4 
0 
I 
4 
( 
I 
0 
1 
0 
3 
1 
0 
0 
0 
0 

0 
0 
2 

46 

t, 
.13 

I 

14 
Il 

l!) 
9 
3 
I 

11 
4 
I 
2 
i 

2 
1b 

1 
1 

2 
1 
2 

2 
3 
3 

364 
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to ,, ilf , q Ii/'. Tt, rI,, .v'p , , , v., of tI!sedlt(.n Iri natiou0 all 

II , )fI Ir I ,. ,+ ifI dI I ( ,II'vol M Y 1 
' ' ,C;I M M Y T hIlw, six |)tj ,doJ(.1+1,1 if- (W', S"+I. I:l I JS, td" , ., ,IT 

t
F 1 -CU~d,l Gi rrit Nl e Hf hi.:sij, 0JKMIi,(.(,. USAI 

, 
w| fo'i wlY't' o(p mlg %1), lN ullit-io ,,% '(% ht l) do.l l (c(+Uoll , It' rIII'T 

I wleik Iti ',e'vlIdl r~ilti,, ,t (CIMMYT dur iq 1975 

MILLING AND BAKING LABORATORY 

I lit rlho b4,+ mgl ll)(irajlmJy, ,,( imntst% I-valliJ,it*'. thfm llinq~ ,nd (pain off 

b i ,i' test', h lp h n,ir dhi+ti t ni, th ft lfvi' g id , t.l T, III 1,o i iihl t 1kualitf 

11 19/1) tih, Ilflliltmy ilvI,,d 30,000 ,rophlt from t-oily iF 3 anld 
l a  +

l 4) j e l v'w l hoo-il', lotI qHlt -11,i t-rigth ,II(] "+.,,d typvP 

IW o-l(IIhI (if 1114,(I1,1111 p.-t Umll volut mv+) ,iIt- cl,t%+,itwd for cotd u wU"'s Ch d% 

hlii liiud iviik iI (iility oil CIMMYT's wheats would be improved 
I they huld h(Ifihi phiclntuill of prIltlil Cio0t+11 betwenl illrter 

1l"d %l)1111(1Wh'itt, li)W l llli Wdiy ITll V 1,Sill tI lt)m s that have higher 
110 II()i~(:<.tre t ,dhd bi-,t-' gIlOVIn C;hdl iACh1011", e, 

In ( fk kill ), til ll b))ti , IW l1, F3 ind F ' I n.s for pigrnent 

c:i itltlt iiind t,.,ts 'a vi iii:ifd lo, for rlClito Inll nlli tiqUlity Testing 
(fl uilll (11,1111for) litlmlv l he,fnl :n 1912 and the r! (1tl', o~f Svlection 

ivn l 1(WSfilWlil(l Ini ifvxiil'tf 11111% Ihi Iv IlJoc pi.(4r llt Content of 

lirivs Ii I iii, f1m111 3.8 1p 11 tI() I).!) I)IfMi 11( 1 fI W I10,, Wir1 found il 
19/b) Ilh~l hdVV 1(0 I)I)" IIIl 19/!. Y)00 drMIM !ftm'% ftrm segr~egating 

illl t al tl lsWwel' sc:l,ev(I+( lf-f )or ,'l co(rilvill, 'Ind 900 ,ddv,inced 

,fir tititli 350 high yVlihnq Iiii" that fiaiv high test weight were 

, hl,1-1t"d "Ii ,talidall mlill ,indh 1, kiin tt ,tS and for hualily of 

cioik.,s titr lill dilf Chaj lltIS Illil I lm tir l1111s Several lines had 

dt,,lshh. ('hrar,tict tll Ics ind they will i, usid as parents in future 

('I ()151" 

COOPERATION WITH NATIONAL PROGRAMS 

CIMM 'T continued its cooper ation with Itional wheat programs in 

nearly ill developing COuItr S where wheit is an important crop. 

In 1975 the wheat staff spent 1104 man days t3 man-yeats) 

consulting with gove (mien ts of wheat-producng Countlies it Asia, 
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Ath icat. and Latin /-\hiic'I kt'I 1'I%%,Il k1iIjUI .1. I'A 

othel rte\Idch 11 1 tIIt' nsl C~O~OzUIld'oil In dve I, III III ,,I I t,' 

li 	 lC IN INI I1 tII't IVrl.,t' . 1 , I',,I%1 I ,:' t I,i, It, I,Involves obt~sl9 %O 

oi It	icl,0 

(JININI'4 T COi~II ILIVI(I TO soipjily t'..I1tI 111111,11i%'(1lto 90 cotolt it's 

betweenI 30' N ad( 30 S 

Nine' membihs of CIMMN I Wivoat wI.el IT stat Io%i4I lii.p ntion~l 

tesea ch an ( pio (It Iii p itIu'i'm, Aiqv ,I . N., I I ti ,ii I 

and TliikI-Y 

In 	197!) oot, CININI'Y1 otitt micndi 5 iiipvi','l thit iil,, wilfi 

with goveronients of Lidst A I i-, 

One seniorit heiii'idvi w.ill IIv pjiiiti ill Eciijtlm ill 1976. sr vimq 

The wheat-grnwirig C0tLItI 45WOf t Andi-N 

st I fu iti i, a p' (1(l'ill) -ftfil'lilt .1 

1976-80 FORWARD LOOK FOR WHEAT 

SuV.(iltet ti)1976 80 tlJ'il! I)Il~iClII)4(l'..1 ,I/dIiiOii. and9( no-cttSaiI 

Yfield stabilityi Significanit (jamis il vivI(I st~itoiitV '111 becCiiqi evtiifil ll 

whieats, diurorns, .tlli tIiticaile, andIii 14111cl I%-'-I.I- ItI.Itllj 

doling tlie last li..l! of the Il'%, .to'I w'ill'II to illi-y', 1', .I 

yeai to year ,,z vach fill nini local In 

Moltilaae!S Of Whf!at do". 11lyd to 'oittf~ widi",ri'.ild filli ~ i, 

in SUCII Cotiriti10! MsaI oifid Pakitiri, b qvpt, Alqvimid iIKr ni III' 

tltilirte primCiphi offers (helrtir statlility inl iiii ((44.1i9, 

Sliow ol~t~iil, anorirt' nci~hidrMi'' tin; alti tadv intl i(14J9if if, (('494 
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.. ... l TI 1'10lt~'ill (dly.1111t'% 1h11mi{d becom(i, * 111Ome1(I
....
 

,-It4i,4 I .,11(, l rdgi.tlIm;riid , l, rIw ihi t ,glictlIth ) L iltItfiit (OVt'r v lulr 

, . I 11)180, a rlmajOl etlfrrt will he made to stabihlize,', )]1 It, 


l w ir i'.1l I'M r',*,h~ti1ir ti, l 1ist, Ich (iI:t V exhbits '1 (11 lange Of 

V I I Lihirlc' 

bread
Broad wheats CIMMYT scientistS alitiCipatte siqlificait additional gairs for 

tWe 1970's, each affecting particular "iches"whits in the last hall of 

whi iblerl wh,'t Yields ire now crirstwi nted These constraints 

ocirlider Iesistanc, to septor a (sific i t a, ound the Mditerranean, 

to East At ca arld South Amer ca), tolerance to aluminum toxicity 

(notaible In Brtad) drouglht tolriance (horn winter wheat xril-irtPI 

pifr whheat closse,, bananltirn d iyland wheat areas), and whiat 

ala)td tI the cooler winter season in the lowland humid tropics (a 

In Cental Amer Ica, West Africa, andpro(tuct somilht by coontr us 

southeast Asia). Each development would Increase the flexibility of 

wheat in ori or more niches, and provide an inclement to world 

whlat pr oduction 
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S011.bterh l oI A , h,:i%, H f oP q I- ' ..rti aiiill; ' lMl IMNt'll l 

Disease~ BVciiL/tPlSllwil Wfl~fI ldl,..h4l441P .J~lldIil4t llllIl4 1,y1tlo'llii l i'P,(t:,-iII jIl , 1l.,4,4 II1,'wann 9 0.Xpa lk4 414cim t wIi rhl l fl ii:IiiIil,hyll ~ l = 
and1Sregiona othe litwcrp Ixe lutli I~ , 'kiof loLpitalI I NI .1 I 'iiiiri t11l1ll 15 

Baly the ou en f l far,',t II%, I Ih I I , ho ).cm ( rh- l',I, Ifll ,fr ( II I 

shnij I'l ~(fM ilt'lerl:pl ) ll w lrnheIII (:ldloI n , )I ll Ii ;,, ,ril f it. oII II , i f~l I c 
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Wtom faj d~'~ l ll l lloi .11 '110 111(fli:lo ' o ,P ti|.- llll 1{), #-dII 

se rings 1980 i,v]ai %tiMMt hai h :lpct,Vr lI . 11111 <l(lw 

and oher t hecopsheof 11,Wna11c, h'tayof dr-o,hym ,bofr ,, ,lwI d lo I 

sm e B ythm - d F)W , 'IllI 1 1 

rgiona 


e ichShoulwhvce he~ll In thIed ordI"It'Ifniff INow ,rll I,-,iV(w):,, |ldc-'tII( 

to the Eastern Hem isphere: by ltit(Kenlyaolroqrvosrnmt Willi i, i,IIro-. 
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ECONOMIC STUDIES 

The ecoromics %ectonsupports ClMMYT efforts to h.p natir'na, 

pro((rvlms develop and dif f.e- t-w mia/, and wheat te riIogy 
It does thi, by 1)wok inr with ,Igriculturial scientists di( policy m,," 
in identifyinqg wa', to fri;, roew t.(hnoloqy arid pol0 v ri)t (:(onslt .fl 
with far i,.rs, c:rf(toJlVtj(,"ri, . pr I with CIMMYT ry :i, arid w,'' 
staff i thei lini ir j)rglr,irx , jril3) pnnnvidircj ;,If( on which 

tIh( a ndu ' hireat pIl)(rJi ) f-to kJ-i ll i% ttlin( their i'.., prri(r ,-," 

Adoption studies 
CIMMYT',s first IrT1irhu ,ffOr I ill .-corn i,, was a series -,+ lption 
stu(its coniiucIt (Ifronr(t 1972 to 75 T hese wen'!e desigi.i to see 
how patrils of adoption of ;iw irriie and wheat tech, itirlies we-rr 

sfhaped ry thl!(:ornluinreJ influctr of such faclors is fi.r ri.s' age, 
education, ind toini ,tIus, thlc firni's a(ir) climatic I- oll ,Ind 

dislancelI fromt [I,)l .ts, il1(npivo-i rirn int policy it olV t i .in'i'v-,, 

to Ilotits auiif)fOnlirtil()l V tII Of tI' stdieS have Il, p)blih,'d 
by CIMMYT. Work is |(trckI'doig; oil iltef country corip.irisorls 
be;tweenl thf, %Iudl(H., 

a il)ntr I several 
Farmers iapidly take tip valictles which suit their ,ovirilments. 

with larle IaIlVIe! usually aiong the first to adopt lht with 

To date tihll iysps S viieral statemi-iits 

sTnaller farliers fnllowrrij qpuiickly. 
Three cases (listlrirtiish theolitljerice of farm size on loption of 

IlvW vallilS, 1) Wllr,,v flg s adopt, few smaller farmtrw laqi liri , 

1r%ardopt 2) Wheie Irst Ii t1Ir fi1riler s adopt, most smaller firens,, 
ad(oilt 3) WhtI, in lnte i(hit, roportionof larger fdtarmets adopt, 
feweri smller fairviie', i(op11 l~t (fetaled iivestigatl lols of one 
It'(iririII whilh tr' 3 e"xists sur(!l(Jt that apparent itfluence of 

farmo Size on i(loption Is [lt ?i-l Instead the true explanation lies 

it, all() clirnltatc hel ittily with tit! region. 
Fe tunelrll s ire adopted less lJuickly than new varieties and tend to 

ie d at I()w!r rates than are Iecornirriended. Farm size generalylSl(f 

InftluenVcs ft! ll/t!l ; smaller me sList far apply less fer tilizer than 

latrger farmeirs in similar (10ndc imaltc ci ILictISIdnCeS. 
Few of tie olhev var hhes (hadcd truilnq the flrlme id the farm 

milk! ay significanrt cotl ibli),, to the explaniatior of the adoption 

of improved Vll ietis or of fer tiliie, One which tendedtoI be 
Significait wis derqee of specialization in, maize or in wheat. This 
vai able wits I soally p)ositively related to adoption of elements of the 
new technology and was significant both statistically and oper alionally. 
For all other variables -e.g. education, ;nure, off-farm work, distance 
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iil Wi l;'i>i, ti(' tICI1(lltl'
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The economic sect;on his iVe ',Itudiits jtthts tyl)e ti ihet Wtv
 

two in Mexico and one each in Z vte, Toniti, and -Ikslan.
 

The Mexico studies are bein] cnoJctetd by Mexicn-')asef I,:, I, ,., 

in t ll,P.
in collaboration ''vtah tkt't mai7e tialing stall lot 's 'iudy 


the Poza Rica area, and !n colaboration wioh the whtat tltitni ill
 

area near CIMMYT headiuati %.

for a study of a wheat/barley 


The studies in Zaire (m.ize), Tu'-isia (wheat), and Pakistan i mni'l),
 

are being conducted by indirlenous agricultural economists In close 

maize and wheat staff members ii the,t,,
cooperation with CIMPA,1YT 

countries. 

H/ECONOMIC ;IUMIS 

http:l.arcxt.jt


Economics training for agriculturists 
Related to the program aimed at adapting technology to farmer ci. 

cUrmslances is the economics componcl tof the maize arni whieat 

training programs. The aim is to make trainees mnol esensitive to the 

factors which are ir'ipoltant to farmers as they ',vAIuat, nw technolo 
All CIMMYT gies. Emphasis is also given to pi ovidirlq trainees with pr ocOdni Os 
ttainfls reCeive which they can Lse in making recommenidations to far its 
lessons or x . 

permefnt station 

matiagment and 

procedures. 
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To supplement these efforts and to cc -nplement CIMMYT's work 

with national programs, the economics section is publishing dn 

economics manual for agronomists. The nanual highlights the elements 

that influence the farmers' views of the practices that he follows and 

provides asimple checklist for accomodating those view in experi

mentation and' in fashioning recommendations. 

Crop research priorities 
Priorities within CIMMYT are established by the two major programs, 

maize and wheat, along with the central administration. Economics 

studies contribute to the deliberations with information and analysjs 

on relevant topics. 
With the advent of regional prcgrams in maize and wheat, additional 

emphasis went to this activity. Du ing 1975 the wheat economy of the 

Andean Region was examined. In addition, to historical data on 

wheat production, consumption, and trade, the study reports riforma

tion on the extent and type of resources committed to wheat research 

and extension activities. The study dlso traces changes in government 

policy on wheat prices, input prices, storage and price support pro

grams, and trade. 

The economics section also engages in ad hoc studies in support of 

the maize and wheat programs. One such project related to the nu

tritive needs of humans and how these needs are being met in selected 

countries. This involved establishing collaborative relations with 

nutritionists and with researchers concerned with nutritive deprivation 

in particular countries. The resulting information is of value in setting 

breeding priorities within the maize and wheat programs. 

LABORATORY SERVICES 

The protein laboratory and the plant nutrition and soils laboratory 

both the wheat and the maize programs.serve 

Protein quality laboratory 
During 1975, the protein laboratory tested 17,400 maize samples for 

protein and tryptophan content by colorimetric methods. This is 

nearly three times the number of samples tested a year earlier. 

Measuring tryptophan, a limiting amino acid in the endosperm protein 

gives an indirect indication of the level of lysine, the first limiting 

amino acid, so the colorimetric method isa rapid way to determine 

the piotein quality of maize. The chemical evaluation is essential for 

confirming that high-quality protein exists in maizes that have the 
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opaque-2 gene combined with modifier genes which give normal
appearing kernels. 

The laboratory used dye-binding capacity (DBC) procedure to
evaluate lysine content in 200 samples of sugary-2 x opaque-2 crosses,in which high content of reducing sugars interferes with the colorimetric 
method used for tryptophan. Since the kernels of floury maizes arevisually identical to opaque kernels, opaque-2 segregates from opaque-2
x floury 1crosses cannot be identified visually. Opaque.2 kernels 
however have a higher content of free amino acids than normal kernels.
The ninhydrin test is used to measure the level of free amino acids.
Since this test doesn't destroy the kernels, the kernels identified to be
opaque-2 can subsequently be planted. In 1975 the laboratory
identified opaque-2 segregates in seeds of 350 families and the selected 
seeds wce later planted in the field. 

Analyses for protein content, using the micro-Kjeldahl procedure,
and for quality, using DBC, were also made on 5300 barley samples,
3000 triticale samples, '500 wheat samples, and 283 sorgium samples.

The plant nutrition and soi;: laboratory does cl -mical analysis for
samples of soil, water, plant tissue, nd grain. To assist the physiologists
who are increasingly interested in translocation of nutrieits from
vegetative plant parts to the grain, research was lJegun on efficient 
ways to measure sugars in stems and I aves at d fferent stages. During
1975, the laboratory tested 365 samples of soil for pH, organic 
matter, nitrogen, and assimilable ions (calcium, magnesium, potassium
and phosphorus). In addition, 6400 samplc of plant tissue primarily 
were tested for content of nitrogen and total sugars. 

Nutrition studies 
CIMMYT has no facilities for conducting animal assays to determine 
the nutritional quality of grain. Instead CIMMYT supplied samples ofgrain to established nutrition researchers in Guatemala, Mexico, and 
Denmark for animal assays during 1975. 

At the Instituto de Nutricion de Centroamerica y Panama 
in Guatemala, Dr. R. Bressani and colleagues used rats to evaluate the
protein efficiency ratio (PER) of four triticale samples and five 
maize samples of high-quality in 8 percent protein diets. The PER of
the triticales ranged from 1.71 to 2.00 compared with 1.27 for
Yecora, the bread wheat check. The quality protein maizes with hard
endosperm had about the same PER values (2.14 to 2.41) as the soft 
endosperm lines. The casein diet had a PER of 2.86. 

Sixteen triticale samples were tested as the source of protein in 
diets of growing rats. These trials were conducted by Dr. A.S. Shimada 
at the Instituto Nacional de Investigaciones Pecuarias in Mexico. No 
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significant differences were found between the lines in their effect 
on the growth rate of rats. Similar trials were conducted with two 
hard-endosperm, quality-protein maizes; they showed that their nutri
tional quality was equal. 

The laboratory of Dr. BO. Eggum in Denmark evaluated samples 
of three triticales and four maizes. Net protein utilization (NPU), 
which reflects nitrogen retention in the body, was high for triticales 

(62 to 65) and maize (about 70 for both hard-endosperm and soft. 
endosperm quality protein maizes). Nor-nal maize had an NPU 
value of 57. 

EXPERIMENT STATION MANAGEMENT 

CIMMYT conducts research at eight sites in Mexico. Four are owned 
by Mexico's National Agricultural Research Institute (INIA) and 
four are operated by CIMMYT. Some characteristics of these stations: 

Hectares used 

Station Elevation Latitude by CIMMYT 

CIANO-INIA Sed I.vel 27 N 130 
Los Mochis INIA Sea level 25 N 2 
Navoloa-INIA Sea level 27'N 10 
Rio Bravo-INIA Sea level 26 N 1 
Poza Rica-CIMMYT Sea level 20'N 39 (twice a 

year) 
El Batan-CIMMY r 2240 m 19'N 44 
Toluca-CIMMYT 2640 in 19'N 69 
Tlallizapan-CIMMYT 940 rn 18 N 31 (twice a 

year I 

The four stations operated by CIMMYT are now fully developed. 
Land has been fenced, leveled, provided with field roads, and equipped 
with drainage and irrigation facilities. Crop buildings are complete, 
hut trainee facilities for sleeping and eating have been postponed. 

The amount of summer crop land on.the high plateau is inadequate 
to serve the winter crops moving back and forth from the lowland 
CIMMYT has therefore rented 12 hectares each summer since 1974. 

The Poza Rica station was severely damaged by floods which follow. 
ed hurricane Fifi in September 1974, removing top soil from the 
station and leaving deep gullies in the fields. The damage was 
repaired in 1975. 

Scientists from Pennsylvania State University (USA) helped CIMMYT 
to analyze the soils of El Batan, Tlaltizapan, and Toluca during 
1975. 

Since 1973, experiment stations managers from national programs 
have been trained at CIMMYT (Pakistan, Ivory Coast, Egypt, Brazil, 
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Zaire). Six managers from three countries have been accepted for 
1976. The experiment station staff also gives short courses on station 
management to all 100 maize and wheat trainees a year. 

The experiment station head spends several weeks each year as 
consultant to national programs on station management. So far, 

Publications issued in 1975 

Title Language Pages Press run 

Bulletins and reports 
This is Cl MMYT English 46 2000 

Spanish 48 2800 
CIMMYT Review 1975 English 104 4000 

Spanish 112 3500 
Cl MMYT 1974 Maize Improvement English 64 2000 
The Potential for Increasing Cereal and Livestock Production in Algeria English 54 500 

French 72 500
 
India's High Yielding Varieties Programme in Wheat 1966-67 to 1971-72 English 35 1000 
The Diffusion of Hybrid Maize in Western Kenya Enlgish 57 1000 
Results of the 4th and 5th International Bread Wheat 39 1000 

Screening Nursery 1970-72 
Results of the 9th International Spring Wheat Yield 

Nursery 1972-73 " 136 1200 
Results of the 4th International Durum Yield Nursery 1972-73 * 60 1000 
Results of the 5th International Durum Yield Nursery 1973-74 * 66 1079 
Results of the 4th International Triticale Yield Nursery 1972-73 * 47 1000 
Results of the 1st to 5th I ntornational Durum Screening Nursery 

1969-74 70 1074 
Reprints 
Some ways International Research Programs can Assist Advanced 

Nations English 8 500 
National Production Programs for Introducing High-quality English 9 500 

Protein Maize in Developing Countries Spanish 8 500 
A Comparison of Maize Diseases in Temperate and Tropical English 10 500 

Environments Spanish 11 500 
The Field Support Functions of the Agricultural Experiment English 16 500 

Stations in the Developing Countries Spanish 16 500 
Potential for Improving Production Efficiency of Cereals English 9 500 

Spanish 10 500 
Developing Agricultural Research Personnel English 9 500 

Spanish 9 500 
The Uneven Prospects for gains from agricultural Research English 8 500 

Related to Economic Policy Spanish 8 500 
CIMMYT Today 
Quality Protein Maize English 16 5500 

Spanish 16 5600 
Durum Wheat: New age for an old crop English 16 3800 

Spanish 16 5200 
The return of medic English 16 4600 

*Text in English, Spanish, and French. 
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this work has involved Pakistan, Nepal, Philippines, Tanzania, Nigeria, 

In 1975 he helped the InternationalIvory Coast, Algeria, and Turkey. 


Rice Research Institute in the Philippines plan the development of its
 

new land. Three Asian countries have asked help in 1976, and others
 

are on a waiting list for subsequent years.
 

INFORMATION SERVICES 

Eighteen new titles were published during 1975. In addition the 
revised and reissued.general information booklet This is CIMMYT was 

Most bulletins, reports, and reprints were published in two languages 

(English and Spanish) or in three languages (English, Spanish and 

French). 
A new serial, CIMMYT Today, was begun and three issues were 

published during the year. Articles in CIMMYT Today treat broad 

aspects of CIMMYT's activities for the informed layman. 

The Proceedings of the CIMMYT-Purdue International Symposium 

on Protein Quality in Maize, 1972, were published as a 500-page, 

hardcover book for CIMMYT by Dowden, Hutchinson, and Ross 

(USA) under the title High.Quality Proteili Maize. 

CIMMYT started a new journal of abstracts called Maize quality 

protein abstracts. This journal is published for CIMMYT by the 

Commonwealth Agricultural Bureau (U.K ) with funds from the United 

Volume 1 (1975) consists of fourNations Development Program. 


issues containing 145 abstracts. In addition, a retrospective volume
 

covering world literature published between 1960 and 1974 relating
 

to the protein quality of maize was issued. This volume contains 337
 

abstracts. About 600 maize scientists receive MQPA
 

About 800 individuals and institutions asked to be included in the

Mailing list 

CIMMYT mailing list during 1975, increasing the total mailing list to 

Hall the addresses on the list4900 individuals and 500 libraries. 

are in Spanish-speaking countries. 

The mailing list was coded to allow more selective distribution of 

publications. 

. Iministration building was completelyAudiovisuals 	 The permanent exhibit in the 

reorganized and many new displays were added. The exhibit depicts 
The audiovisualCIMMYT's activities in increasing world food supplies. 

section continued its support of the crop programs with artwork and 

photography. 
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Visitor services 	 In 1975 over 5000 visiv)rs from 55 countries were registered at 
CIMMYT headquarters, both individually and in groups. Many others 
visited other CIMMYT research stations, where no records are kept. 

Library services 	 CIMMYT's small working library (2500 volumes, 1200 serials) 
continued to offer services to the headquarters staff, postdoctoral 
fellows, and 100 training fellows. The CIMMYT library also 
serves as liaison with Mexico's National Agricultural Library (50,000 
volumes, 3000 serials) which is located 10 km from CIMMYT. 

STATISTICAL SERVICES 

A biometrician loaned by the U.K. Ministry of Overseas Development 
arrived at CIMMYT during 1975. Pending the arrival of the unit's 
own computer (Data General Nova 3 64K with two discs and vaious 
other peripherals), CIMMYT has used a Nova 2 loaned for demonstra
tion purposes by the suppliers. 

With programs adapted by the University of Colorado (USA), the 
borrowed machine has had no problem in analyzing the international 
maize trials quickly. This computer was also used to demonstrate 
the application of the EXIR system for processing information from 
CIMMYT's maize germ plasm bank. 

At present the taximetrics laboratory of the University of Colorado 
isworking on a program for the wheat trials. When the new computer 
arrives and aprogramme is hired, it should be possible to handle 
all CIMMYT's computational requirements. 

Temporarily, CIMMYT's economics program is still using outside 
contract services for part of its statistical work. 

CIMMYT's payroll and accounting ser vices are now handled by 
in-house equipment. 

C/MMYT REVIEW 1976 94 



(014 

4 ill 



SPECIAL REPORT 
IMPACT OF THE HIGH YIELDING WHEATS: $2,000,000,000 
A YEAR 

Independent economists are now arriving 
at answers to the question: What is 

the impact of the high yielding wheats? 

Economists are measuring the area 

of planting, the rising production, the 
average yields compared with tradi-

tional varieties, and the gross value of in-

creased food. No one has yet produced 

an orderly sequence of data on all these 

questions but the general magnitude 

of the answers is well established, 

Two leading chroniclers of the high 
yielding varieties are Dana G. Dalrymple 
and Robert Evenson. Dalrymple is 
an analyst for the Economic Research 
Service, U.S. Department of Agriculture. 
Evenson is an economist with the 
Agricultural Development Council and is 
presently a visiting scholar at the College 
of Agriculture, University of the Philip-
pines, Los Bahos. Both have published a 
number of studies on the high yielding 
varieties in the 1970's. 

Some of their calculations are excerpted 

below, but CIMMYT alone takes responsi-

bility for the arbitrary selection of 

data and the projections across the de-

veloping world. 

How widely are the new wheats grown? 
Dalrymple has assembled data on the 
planting of high yielding wheat in 
15 countries of South Asia and North 
Africa. He concludes that at least 

19.3 million hectares of the new wheats 
were planted in those 15 countries in 
the crop year 1974/75. 

Five developing countries which planted 
the largest areas contributed over 80 
percent of the new wheats: 

India 11,800,000 ha. 
Pakistan 3,700,000 

CIMM YT REVIEW 1976 

Iraq 800,000 
Turkey 700,000 
Afghanistan 500,000 

Comparable data has not yet been publish

ed on the planting of the new wheats in 

eastern and southern Africa or Latin 

America. When that data is added, the 

new wheats will undoubtedly be found to 
cover more than 25 million hectares 
idvelopn contriesin 197,are4 

peen o tlet in the 

percent of the total wheat area in the 
developing world. 

Increased yields? The best data on 
yields of the short wheats have come 
from India and Pakistan. 

In India the high yielding wheats out
produced the traditional varieties 
by 200 percent during 1965-70 (roughly 
2400 kg/ha compared with 800 kg/ha), 
But as the proportion of total wheat 
land planted to the new varieties 
increased, the superiority 1;i yields de
clined, until at the end of 8 years, the 
superiority in yields of the new varietiesover the old was approximately 125 
percent (roughly 1600 kg/ha compared 

wi t (roghl). 
with 700 kg/ha). 

Another study of both India and 
Pakistan shows that national average 
yields of wheat rose 50 percent in these 
two countries between 1966 and 1973. 
This study encompasses both the new 
varieties and the traditional. 
Since India arid Pakistan contain a large 

share of the land planted to the new 
wheats, the following generalization 
can be made: when high yielding wheats 

are introduced to an ecological zone 
where they are adapted (such as the 
Punjab of India and Pakistan), and they 
spread to cover half the national wheat 
area, they will outyield the old tall 
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High yielding wheats in South Asia and the Mideast, 1965-1975. Area planted and percentage of total wheat area planted to 

high-yielding varieties based on estimates of the U.S. Department of Agriculture. 

Total 
Nepal Pakistan South Asia Afghanistan Algeria Egypt Iran 

Bangladesh India 
000 ha. % 000 ha. 000 ha. F 0V-h-.%-1F 000 ha. % 000 ha. %% 000ha. % 

9 -. . . .. 
Year 000 ha. % 000 ha. 

.
65/66 - - 3 * 1 1 5 

66/67 - - 540 4 6 5 101 2 648 1 
1 -

... 
-13 957 16 3923 22
20 24
n 67/68 - - 2942 

- 10
4792 30 53 26 2387 38 7242 122 4 - - 

( 68/69 8 7 
2 - - 37 175 34 2681 43 7771 146 	 5 5 

9 140 7 - - 63 2
69/70 9 7 5004 30 


70/71 13 12 6542 36 98 43 3128 52 9782 232 


rn 71/72 15 12 7858 1 115 52 3286 57 11275 255 10 320 14 1 125 3
 

3375 56 13576 450 15 600 28 20 
 4 138 3
o 72/73 21 18 10007 51 170 66 
:0 73/74 29 23 10911 57 206 76 3472 59 14619 475 16 	 na na 212 40 261 6 

na na 78 14 292 774/75 33 23 11778 62 246 85 3682 62 15741 522 17 


CTotal 
TotalIraq Lebanon Morocco Saud, Arabia Syria Tunisia Turkey Mideast 

-6 a. %a G(ha. - - i0-ia. 000 ha.0OOha. % 0Cha. 000ha. 000 ha 000 ha. 

-	 - - 965/66 
2 651
: 66/67 

1 170 2 199 4123_< 67!68 6 - 
12 2 579 7 770 801268169 41 2 -- - 5 
53 7 623 8 1108 9879S 69;70 195 10 2 4 46 2 . 

38 4 102 11 640 8 1437 11219
70/71 125 9 7 12 90 5 

75 7 60 6 650 8 2654 13930
C) 71/72 950 45 12 19 206 10 


a 
180 15 99 9 Ila ?II 3 G. 6 16623t 72/73 595 50 20 31 294 14 

Z: 73/74 700 43 na na 375 20 2 2 225 15 55 6 na ti 181953 5 7 5 h 

r 74175 750 50 na na 300 17 10 10 252 16 54 6 na na 3528) 19269 

Neglq;ble a, Including Turkey at 1971/72 t Including Algeria and Lebanon at 1972/73 level and Turkey at 1971 72 level 



Yield, Kg/ho
 
500High-yielding varieties
 

2 000
 

1 500, All varieties 

'000 Traditional varieties 

500" 

4%* 20% 30% 30% 36% 41% 51% 57%1 I I I I 
1966/67 67/68 68/69 69/70 71/72 

I 1 
70/71 72/73 73/74 

India: Trends in yields for fraditional and high-yielding wheat varieties.
 
*Proportion of total wheat 
area planted to high-yielding varieties. 

Yield, Kg/ho
 

1400,
 

- Pakistan 
1000

800 

1960 1962 1964 1966 1968 1970 1972 
Trends In wheat yields in India and Pakistan. Source: USDA. 
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wheats by 100 percent and raise the approximation of the price of wheat 
national average yield of wheat by 50 moving in international trade in 1972.) 
percent. 

Increased production and value. Evenson 

has published several studies on increas-

ed wheat production which is "associat-

ed" with the new varieties and the 
related package of practices. 
Focussing on 10 countries of Asia and 
the Mideast, he calculated the share 
of increased wheat produced in those 
couincriese wha prow din tse 
countries in 1972/73 which was 

"associated" with the new wheats. Then 

he extrapolated the share of wheat 
production in all developing countries 
which was "associated" with high yield-
ing varieties in 1972/73. Next, the 
value of increased wheat production was 
arbitrarily priced at USS75 a ton (an 

SPECIAL REPORT 

From these three steps Dr. Evenson 

concluded that the wheat revolution had 

added $906 million to the income stream 

of developing countries in 1972/73. 

In 1975 the price of wheat moving in 
international trade had risen to approxi
mately S150 a ton or double the unit 
price used by Evenson. Therefore the 
impact of the wheat revolution in 1974/ 
75 can be placed at $1800 million. 

Even this figure is complete. Planting 

semi-dwarf wheats in countries of Asia 
ar.d the Mideast rose 15 percent after 
Evenson made his calculations. Therefore 
a rounded value of $2000 million for 
the new wheats in 1975 in developing 
countries would be conservative. 

COOPERATIVE PROGRAMS WITH OTHER INTERNATIONAL
 
AGRICULTURAL INSTITUTES 

CIMMYT is engaged a number of joint 

programs with other international 
agricultural institutes. Some examples: 

Potato research. Since 1972 the Interna-

tional Potato Center (CIP) has used 

land, labor, and machinery on CIMMYT's 

Atizapan station in Mexico, under a 

service agreement which enables CIP to 

expose potato germ plasm to the 
world's most severe attacks of late blight, 

a potato disease, and to select for 

resistance. CIP directs the Mexico re-

search from its headquaiters in Peru, and 

reimburses CIMMYT for the service 
costs. 

Maize improvement in the Andean region. 
Beginning in 1976, CIMMYT is posting 
three maize staff members to the Andean 

Region, under a joint program with 

the International Center of Tropical Agii

culture (CIAT). Two of the CIMMYT-

CIAT scientists will reside at CIAT 
headquarters in Colombia, where they 

will give leadership to cooperative maize 

activities arrong live Andean 
governments. One scientist will be 

posted to Quito, Ecuador, to assist ,e

search on soft maize which is a major 
crop in the Andes. This rgional program 

will be jointly planned between CIMMYT-

CIAT; and costs will be financed by 

CIMMYT thiougn special grants. Both 

centers will share in training. 

Maize improvement for Asia. Beginning 

in 1976 two CIMMYT maize staff will be 

posted to the International Crops Research 
Institute for the Semi Arid Tropics 
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A tr utri;h,,lsruJoptrat~ a plot h rvesr.. 

(ICRISAT) in India, to provide leader-
ship for maize improvement among 
about 15 Asian countries from Afghan-
stantolIndonesia. CIMMY'l pays 
all costs of services at ICPSAT. CIMMYT 
will draw upon ICRISAT administrative 
support, anid ask sonme agricultural 
services for seed iease, on a reimbursa-
ble basis. The posted CIMMYT staff 

will spend much tinre consulting with 
governments Hi the reqion. The 
ICRISAT service agreement is somewhat 
different from the CIMMYT CIAT 
effort described above, 

Cold-tolerant sorghum at CIMMYT 
headquarters. Since the 1950's CIMMYT 
maize breeders have devoted marginal 
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resources to a breeding program for 
cold-tolerant sorghum adapted to 
tioprcal elevations above 2000 meters, 
believing that soighum should perform 
better than maize in this climatic zone. 
Beginning in 1977, ICRISAT ISexpected 
to finance and staff this program at 
CIMMYT headquarters, on a cooperative 
basis similar to the potato project above. 

Maize improvement in tropicalAfrica. 
Beginning in 1976 the International 
Institute of Tropical Agriculture (IITA) 
and CIMMYT have agreed to make 
joint plans for their respective activities 
in maize improvement for tropical 
,Africa. This includes breeding at 
CIMMYT for resistance to streak virus 



disease, ad the testing for streak 
resistance at IITA and elsewhere in 
Africa, to overcome one of the most 
severe constraints to maize production 
in Africa. No transfer ot personnel or 
funds is proposed between IITA and 
CIMMYT. 

Cooperation in Kenya. CIMMYT has 
posted to Kenya one regional wheat 
scientist and one regional economist. By 
agreement with the International Labora-
tory for Rusearch on Animal Diseases 
(ILRAD), these CIMMYT staff 
members will draw upon administrative 
services of I LRAD, on a reimbursable 
basis, as the new livestock disease 
laboratory develops its own facilities and 
staff, and finds it possible to share its 
services, 

Joint administrative arrangements in 
national programs. Recent outreach 
discussions in Pakistan, Nepal, and 
elsewhere have developed the need for 
common administrative services, available 

to all international centers operating in 
the same country. In Pakistan these 
common facilities are taking shape under 
sponsorship of the Agricultural Research 
Council, which is entering into separate 
usage agreement with CIMMYT, IRRI, 
CIP, and possibly other centers. Like
wise, in Nepal common services are 
evolving under sponsorship of the Ministry 
of Agriculture with help from the 
International Agricultural Development 
Service. These services will be available 
initially to CIMMYT, IRRI, and CIP. 
This is a flexible pattern, likely to be 
adopted or adapted by other national 
programs. 

Proposed program on wheat and barley 
improvement. CIMMYT trustees have 
recommended to the trustees of the 
International Center for Agricultural Re
search in Dry Areas (ICARDA) that 
a joint ICARDA-CIMMYT program 
should be devised for wheat-barley 
improvement in the Mediterranean and 
Mideast region. 
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CIMMYT'S EXPERIENCE WITH DOCTORAL FELLOWS, 1966-1976.
 

CIMMYT has supervised 88 fellowships holds a 2-year appointment to serve as 
for postdoctoral and predoctoral a research associate, engaged in profes
fellows during the decade ending 1976. sional investigati3n alongside the 
These fellows are listed below. When international staff. CIMMYT accepts 
the staff recently reviewed this CIMMYT fellows only if the work they can 

training experience, they found some perform will contribute directly to 
interesting facts which will help to CI MMYT's core program. 
shape future awards. In the 10 years ending 1976, 43 post

doctoral fellows from 19 countries 
Postdoctoral fellowships. The post- received experience at CIMMYT. Twenty
doctoral fellow at CIMMYT generally 
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Postdoctoral fellows at CIMMYT, 1966-76. 

Name and 

discipline 
 Origin Period 

C. De Le6n Mdxico 1967-69 
Maize pathology 

G. D az C. M~xico 1967-69 
Maize entomology 

G. Kingma Netherlands 1967-69 
Maize breeding 

E. Rodr(guez Mdxico 1968-70 
Wheat pathology 
A.F.E. Palmer UK 1968-70 
Maize physiology 
S. Jinahyon Thailand 1968-70 
Maize breeding 

S. Rajaram India 1969-71 
Wheat pathology 

G. Granados R. Mexico 1969-71 
Maize enitomology 

B. Devecioglu Turkey 1969-70 
Wheat breeding 

S.K. Vasal India 1970-71 
Maize breeding 
D. MacKenzie USA 1970.72 
Wheat pathologist 

V.L. Asnani India 1970-71 
Maize breeding 
M.M Kohli India 1971-72 
Wheat breeding 
K. D. Sayre USA 1971-73 
Potato Breeding 
S. Srivvatanapongse Thailand 1971-73 
Maizr breeding 

R. J. Redden Australia 1972-74 


Wheat breeding
 
W. L. Haag USA 1973-74 

Maize agronomy
 

D. H. Ris Lambers Netherlands 1973-75 


Wheat physiology
 
R.N. Wedderburn Barbados 1973.75 

Maize plant protection
 
M. A. McMahon Ireland 1973.75 
Triticale agronomy 
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Funding 
source * 

CIMMYT 

CIMMYT 

CIMMYT 

CIMMYT 

CIMMYT 

CIMMYT 

CIMMYT 

RF 

RF-
CIMMYT 

CIMMYT 

RF 

RF 

CIMMYT 

1F 

CIMMYT 

CIMMYT 

RF 

CIMMYT 

CIMMYT 

IDRC 

Subsequent
 
employment
 

CIMMYT
 

Mexican
 
Government
 

CIMMYT
 

CIMMYT 

CIMMYT 

Government of
 
Thailand
 

CIMMYT
 

CIMMYT 

Government of
 
Turkey
 

CIMMYT
 

Asian Vegetable 
Research & Develop. 

ment Center 
IITA 

CIMMYT 

CIP 

Government of 
Thailand 

IITA 

CIMMYT 

IRRI 

CIMMYT 

CIMMYT 

continued 
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Postdoctoral fellows, continued 

Name and 
discipline 

R. McK Bird 
Germplasm bank 

R. Soza 
Maize agronomy 

K. S. Fischer 
Maize agronomy 

A. Merker 
Trilicale cytology 

S. P. Singh 
Sorghum breeding 

E. Moscardi 
Economics 

S. Pandey 
Maize breeding 

R. A. Kirkby 
Maize plant protection 

W. A. Stoop 
Maize agronomy/physiology 

J. James 
Maize wide crosses 

H. S. Cordova 
Maize breeding 

H E. Vivat 
Wheat breeding 

P. C. Wall 
Wheat physiology 

D. Leihner 
Wheat agronomy 

J. B. Thomas 
Wheat wide crosses 

T. C. Stilwell 
Maize agronomy/physiology 

J. A. Mihm 
Maize plant protection 

P. G. Goertz 
Maize breeding 

S. Taba 
Maize breeding 

G. Orttz 
Wheat breeding 

Funding Subsequent 
Origin Period source employment 

USA 1973-75 RF University of 
Colorado (USA) 

Chile 1973-74 CIMMYT CIMMYT 

Australia 1973-75 CIMMYT CIMMYT 

Sweden 1973-74 IDRC Swedish Seed 
Association 

India 1973-75 IDRC CIMMYT 

Argentina 1975-76 CIMMYT CIMMYT 

India 1974- UNDP 

UK 1974- CIMMYT 

Netherlands 1974. CIMMYT CIMMYT 

UK 1974- ODM/ 
CIMMYT 

El Salvador 1975- CIMMYT CIMMYT 

Ecuador 1975- CIMMYT 

Ireland 1975. CIMMYT 

Germany 1975- Government 
of Germany 

Canada 1975- CIMMYT 

USA 1975- CIMMYT 

USA 1975- CIMMYT 

Germany 1975- Government 
uf Germany 

Japan 1975- UNOP 

Mexico 1976- CIMMYT 

cointinued 
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Postdoctoral fellows, continued 

Name and Funding Subsequent 
discipline Origin Period source * employment 

J. Hanson UK 1976. CIMMYT 
Maize breeding 

V. Rodri guez M. El Salvador 1976- CIMMYT 
Maize breeding 

B. Skovmand Denmark 1976- CIMMYT 
Wheat breeding 

* RF = Rockefeller Foundation, IDRC = International Development Research Centre (Canada), UNDP 
United Nations Development Programme, ODM = Overseas Development Ministry (UK). 'Continuing 
fellowship. 

three of them came for developing Predoctoral fellows. The predoctoral 
countries and the rest from industrialized fellow most often spends 12 to 18 
countries: months at Cl MMYT doing thesis research 

Latin America Europe under CIMMYT supervision to qualify 
Argentina Denmark for a doctorate or master's degree. 
Barbados Germany Arrangements are mutually acceptable to 
Chile Ireland the university which will award the 
Ecuador Netherlands degree.
E I Salvador Sweden 
Mexico United Kingdom Forty-five predoctoral fellows were 

Asia Other received by CIMMYT during the 10 years 
India Australia ending 1976. They came from 18 
Japan Canada
 
Thailand USA countries: 
Turkey Asia Latin America 

Japan Argentina 
Twenty-eight of these fellows complet- Malaysia Colombia 
ed their fellowships by early 1976 and Pakistan El Salvador 
took up employment. CIMMYT believes Africa Honduras 
the choice of employment reveals Algeria Mexicosomething about the value of experience Cameroon OtherEgypt United Kingdom 

they received. Their choice of work Ivory Coast USA 
included: Kenya 

Tu, -aJoined CIMMYT staff 17 Uganca 
Joined staff of another international agri- Zaire 

cultural center 5 
Joined research organization in their home Predoctoral training fits the needs of 

govcnment (developing country) 4 most candidates from developing 
Joined a university faculty or a private countries, and also the needs of their 

seed company 2 governments. Hence more than 
All these formpr fellows are employed in two thirds of the predoctoral fellows 
the professiunal fielo for which they at CIMMYT have been from developing 
were trained, countries and most fellows planned to 
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Predoctoral and M.Sc. Candidates who did thesis research at CIMMYT or under CIMMYT 

supervision, 1966-76. 

Candidate & 
Institution Origin Period Sponsor 

Subsequent 
employment* 

G. Marti'nez V. Mdxico 1966-67 RF/CIMMYT CIMMYT 

Communications 
U. Wisconsin 

A Fuente B. Mexico 1968-69 RF (Plan Puebla) Private credit bank 

Soils 
Iowa State U. 

G. Granados Mexico 1968-69 RF/CIMMYT CIMMYT 

Maize entomology 
Kansas State U. 

L. A. EIas B. Mdxico 1968-69 RF/CIMMYT Private agrobusiness 

Maize entomology 
Kansas State U. 

R. Coflman USA 1970-71 RF/Corrnoll IRRI 

Wheat breeding 
Cornell U. 

J 'Yamaguchi 
Maize physiology 

Japan 1970-72 CIMMYT Hokkaido University 
(Japan) 

Hokkaido U 

M. Splitter USA 1970.72 RF/Cornell CIl1MYT 

Maize breeding 
Cornell U. 

M. Alcal6 Mexico 1970-73 RF CIMMYT 

Agronomy 
Oregon State U 

D. Sperling USA 1971-72 RF/Cornell CIMMYT 

Maize bieeding 
Cornell U. 

H. Diaz Moxico 1970-74 RF/CIMMYT Mexican government 
Agric. Development 
U. Wisconsin 

N'G. Bosso 
Maize breeding 

Ivory Coast 197175 FF/CIMMYT Government of 
Ivory Coast 

Cornell U. 

A.A. Ismail 
Maize breeding 

Egypt 1971-74 FF/CIMMYT Egyptian 
Government 

Cornell U. 

D. Midmore UK 1973.75 ODM UK Government 

Wheat breeding 
Reading U. 

I. Timti 
Maize pathology 

Came'oon 1973.76 FF Cameroon 
Government 

Kansas State U. 

continued 
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Predoctoral & M.Sc. Candidates, continued 

Candidate & 
Institution Origin 

F Bidingei USA 
Wheat agronomy 
Coinell U. 
P.Maiko USA 
Agi ic. Extension 
Rearli ng U. 

J L. Maya L. Moxico 
Wheal tiri;dirng 
Oregon Staie U 
E. Moscardi Argentina 
Agric. Economics 
U California 
J. Cut1i El Salvador 
Agricultural Economics 
U Wisconsin 
H Colmenares Colombia 
Agricultural Economics 
U Wisconsin 
J. Gei hart USA 
Pulic administr aton 
Piinceton U 

S.Gafsi Tunisia 
Agi ic Econorics 
U Minnesota 

M Mvamuhya Zaire 
AgiIcultural Economic% 
Oregon Staie U. 
E. Ortega Mexico 
Biochemistry 
Kansas State U. 
B R Khan Pakistan 
Agi onomy 

Kansas State U. 
M S. Khan Pakistan 
Agronomy 
Kansas State U. 
A. Lopez B, MLxleo 
Pathology 
Oregon Stat(! U. 

L Adern Algeria 
Wheat/Medicago system 
Waite Agric. Institute 
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Period 

1972-76 

1972-74 

1972-75 

1972-75 

i972-74 

1972-74 

1973-75 

1973-75 

1974-

1973-75 

1973-76 

1973-76 

1973-

1974-

Subsequent 
Sponsor employment* 

RF ICRISAT 

CIMMYT 	 CIMMYT 

RF 	 Mexican 
Government 

U.Californma/ CIMMYT 
CIMMYT 

FF/U. Wisconsmn/ University 
CIMMYT 

FF/CIMMYT 	 Government of 
Colombia 

FF/CIMMYT 	 FF 

FF/Minnesota/ World Bank 
CIMMYT 

USAID/CIMMYT 

RF 	 CIMMYT 

FF 	 Pakistan 
Government 

FF 	 Pakistan 
Government 

RF/CIMMYT 

FF/CIMMYT 
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Predoctoral & M.Sc. Candidates, continued 

Candidate & 
Institution 

A. Dahmane 
Wheat/Medicago system 
Waite Agric. Institute 

M. Nyanguila 
Agronomy 
Kansas State U. 

M. Makambo 
Agronomy 
Kansas State U. 

B. dimayala 
Agronomy 
Iowa State U. 

M. Ngandu 
Maize agronomy
Iowa State U. 

M. Athar 
Maize breeding 
Kansas State U. 

R. Maurer 
Agronomy 
U. Nebraska 

P. Braicich 
Plant breeding 
Oregon State U. 

B. Muruli 

Plant Sciences
 
Kansas State U.
 

M. Contreras 

Maize pathology
 
Cornell U.
 

D. Gait 
Agric. Economics
 
Cornell U.
 

F. Peairs 
Maize Entomology
 
Cornell U.
 

M Rodriguez 

Soils
 
Cornell U.
 

S. Muchena 

Maize breeding
 
Cornell U.
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Origin 

Tunisia 

Zaire 

Zaire 

Zaire 

Zaire 

Pakistan 

Mexico 

Mdxico 

Kenya 

Honduras 

USA 

USA 

Colombia 

Uganda 

Period 

1974-

1973.76 

1974-

1974-

1974-

1975-

1975-

1975-

1975-

1975-

1975-

1975-

1975-

1975-

° Sponsor 

FF/CIMMYT 

Zaire 
Government 

Zaire 
Gover nment 

Zaire 

Zaire 

USAID/ 
Pakistan 
Government 

RF 

RF/CIMMYT 

FF 

RF/CIMMYT 

RF/CIMMYT 

RF/CIMMYT 

RF/CIMMYT 

RF/CIMMYT 



Predoctoral & M.Sc. Candidates, continued 

Candidate & Subsequent 
Institution Origin Period Sponsor employment 

K. Nor Malaysia 1976- RF/CIMMYT 
Agronomy 
Cornell U. 
P.Garcia USA 1976- FF/CIMMYT 
Agric Economics 
Cornell U. 
S S. Shabani Zaire 1976- Zaire 
Maize pathology 
Texas A & M U 

* IRRI . Int. Rice Research Inst. ICRISAT @Inst. Crops Research Inst. for the Semiarid Tropics, FF = 
=Ford Foundation, RF Rockefeller Foundation,0DM = Overseas Development Ministry (UK), USAID = 

U.S. Agency for International Development. 

serve their home governments after 
completing their degrees. 

Team research. Six predoctoral fellows 
from Cornell University (USA) are 
currently engaged in "t-ixm research." 
That is, they are doing their dissertation 
research at CIMMYT on related subjects, 
but for diffeient departments of theuniversity. This group consists of a 

maize breeder, amaize entomologist, a 
maize pathologist, a maize agronomist, a 
soils scientist, and an agricultural 
economist. In addition to acquiring a 
basic discipline, each participant receives 
experience as pant of an intei-disciplinary 
team. 

In 1975, five master's degree candidates 
from Kansas State University (USA) 
engaged in similar team research at 
CIMMYT, producing theses on closely 
related topics, but earning their degrees 
from different academic departments. 

Benefits. CIMMYT's 10-year experience 
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with postdoctoral fellows suggest. that 
CIMMYT can manage up to 20 fellows in 

residence in Mexico simultaneously, and 
the experience received by the fellows 
can prepare a young scientist front a 
developing country for serving his own 
government, or for joining the staff 
of an international center. 

During the past decade CIMMYT recruit
ed 22 new staff members from its post-

During the same decade, CIMMYT's 
international staff positions expanded 
from 8 to almost 80 (combining head
quarters and outreach staff). The 
doctoral fellows were thus passing 
through a screening process, as well as 
a training process. 

During the last half of the 1970's, even 
greater emphasis will be placed on 
preparing young scientists to serve their 
home governments in developing 
countries. This will influence the choice 
of candidates. 
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CIMMYT PUBLICATIONS 1965-1975 

Below is a list of bulletins, pamphlets, and 
proceedings published by CIMMYT 
during the past decade. 

1965 
Chromosome morphology of certain races of maize 

in Latin America. Albert E. Longley and Takeo 

A. Kato Y. 112p. 

1966 
Statistical genetic theory and procedure, useful in 

studying varieties and intervarietal crosses in 

maize C,D. Gardner and J IHILounquist 34 p 

Preliminary reports of the first three Inter-American 

and the first two Near East-American spring 

wheat yield nurseries. 130 p 
Third Near East-Arnerican spring wheat yield 

nursery, 1963 1965 Charles F Knull, et al 

66 p 

Teoria genetico-estadistca y procedimientos Litile 

para el estudio dii las var redadies y cruzamiento-. 

inter vat ietales de marf C D Gardner y J H 

Lounquist 34 p 
Trigo hbrido su potencial para alimentar una crt 

crerte pohlacion mundial Ricardo Rodrlguez. 
et al 48 p 

Germoplasma exotico para el meloramiento del 

maiz en los Estados Unidos E J Wellhausen 

23 p 

1967 
Fourth Inter American spring wheat yield nurserv,. 

1963-1964. Charles F Krull, et al 56 p 

Hybrid wheats their development arid food poten 

tial Ricardo Rodriguez, et al. 37 p. 

CIMMYT annual report 1966-67 103 p 

Meloramiento genetico del antiploide triticale
 

Marco Antonio Outones Leyva 98 p. 

1nfor. ne anual CIMMYT 1966-67 103 p. 


1968 

CIMMYT annual report 1967-68 99 p 

Field technique for fertilizer experimeits Reggie 


J Laird. 48 p 

First international spring wheat yield nursiy, 


1964-65 Charles F Krull, et al 98 p 

Second international spring wheat yield nursey, 


Charles F Kiull, oft al 98 p 


Variability in the lysine content of wheat. rye, 


arid ritlcale proteins Evangelina Villegas, 


et al 32 p 


Informe anual CIMMYT 1967.68 99 p 
Tecncas de campo para experimentos con fertii 

zanies. Reggie J Laird 48 p. 
Producc16n de mail en Centroamerica Recono 

cimiento de experiencias on programas de to 

mento D T Myren and S G Manger 16 p 
(reprint) 

1969 
A modified method for rapid tripolphan anirhs, 

of niaze Hotacio Hernande,, H y Lynn S 
Bates 7 ) 

Cornhinorg data from firhth/vr ex) ,irirt into 

a fct-ion useful for estmatng specific ferti

h,/er teio ninditions R J Laird. el al 30 p 

A gieen revolution velds a goldern harvest Norman 

E Bnlaug. ei al 11 p (iepr.rtl 

CIMMYT report 196869 122 p 

Ilfornie anual CIMMYT 1968 69 122 p 

1970 
A survey on stemr ist resistance in the USDA 

world (lftnifn ;ollectioin andi iniCIMMYT durum 
nreerinqi v, s Ralaiam, ei -,1 25 p 

Third intenat orial -,ringwheat yield litlery 
196667 Keith V Frvi ryt;i 74 p 

First an(d second inrirnational xievning ntrsiie% 

(1967 1969) )jvl %I Kin/u it ;i 28 p 

The Pueblo Pr olect 1967 69 120 1) 
Slti'a laswtot r ,ti1i i lil ninrlrtilOrI 0iniii( isimniy 

sina ll holng; 86 P 
ClMMYT Ar1un r l110r 1(9.'9 10 138 ) 

El Prnyer'to Puetblo 1967 69 120 p 
Esrr;irinase )ii ,unirent;ir la productividad agri'o 

la er ,orras di ru ifundio 86 1 
Inforrne anuoi CIMMYT 1969 10 138p 

1971 
BihiogtiphVof corn. Vol I II III 1887 p 
Bihlhogralphf of whnat. Vol I II. III 2239 p 

CheniCill iiiiii'r1Irlll 11liull1(, for 111.1i/iplo 1 n 

qu;lhty 11CIMMYT Evanhni ira V ileqas arid 

Edtwn T Mr.r%/ 14 p 

Fourth i rtrnarrinil sp ingwhat yiildfnursery. 
1961 1968 71 ) 

Fifth i terraiOrill sri ngrwhfrat yil ir nursery. 

1968 1969 78 1) 
A survpy on leaf rujst resstimre on the USDA 

world dirini collction S Ralaram. ard 

J F Sri 32 p 

Thiif itermatirinal irraild wheat screenring nurserries 
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(series A and B) 1969.1970. David R rvicKenzie. 1970-1971. 107 p. 
23 p CIMMYT annual report 1972. 151 p. 

Progress in developing triticale as an economic crop. 
F.J. Zilinsky and N E. Borlaug. 27 p. Mejoramiento e investigacion sobre triticale en el 

Proceedings of the first maize workshop 107 p CIMMYT F.J. Zillinsky. 78 p. 

CIMMYT annual report 1970.71. 114 p. Informe anual del ClMMYT 1972. 152 p. 

Metodos quimicos usados en elCIMMYT para de- 1974 

terminar lacalidad de laproteina del mai';. Third international opaque-2 maize trials, 1972-

Evangelina Villegas y Edwin T Mertz. 14 p 73. 40 p. 

Informe anual CIMMYT 1970 71 114 p. Eighth international spring wheat yield nursery, 
1971-1972. 132 p. 

Methodes chimtques enployees par CIMMYT dans Nineth international spring wheat yield nursery, 

ladetermnatrn et L'evaluatron de laquaite 19721973. 133 p 

de laproteine du mais Evangelina Villegas. Second and third international durum yield nurse
ries. 114 p. 

CIMMYT report on wheat improvement, 1973. 
112 p. 

Edwin T Mertz 15 p. 

1972 
CIMMYT report on maize improvement, 1973.Sixth international spring wheat yield nursery 

19691970. 80 p 74 p.
 

The international wheat and maize nurseries. Epidemiology of wheat rusts in the western he. 

Handbook for fertilizer conversions to misphere, Sanlaya Rajaram, Armando Campos 

bsasic units Dr. R McKenzie and John V 27 p. 
CIMMYT review 1974. 96 p.Cadavid 7 p 

Pri' inhrrafy ,unimrary of the first international Proceidings - world wide maize improvement in 

ilite selection ywlrdl trtals I1 ind 2) A spring the 70's and the role for CIMMYT. 393 p. 

whit yield nursenles. 1969 1970 ;1p Maize diseases, 1974. Carlos De Leon. 77 p. 

Fir t elite selection yrelitrial Idod eliteselection 
yield trral 2 1969 1970 41 p Informe del CIMMYT sobre el meloramiento de 

Prehmiry srlmai y of the second international mail. 1973. 84 p. 
elite %electionyield tials Hi and 2) A sping Informe del CIMMYT sobre el meloramiento de 

wheii yield nur sery. 1970 1971 36 p. trigo. 1973 117 P 

First titernitondl mirzer aida)tatiron nursery (IMAN) Epidemiologr'a de las royas (detrigo en el hemis

1970 1971. 55 p ferio occidental, Sarilaya Ralaram, Armando 

First nt'l rniithOIal (JurL yield nursery 1969-1970 Campos V 28 p 

48 1 Mernor a el nelorii niento del rnwiiz a nivel mun-

Ftrst iritrr rritiniili rirclh yield nursery, 1969 dial err It di~carda del titntn y el papel del 
19/0 531p CIMMYT 393 p 

Report in the ciiIri (iu,lity ol the ilrtiri% in Enfermedades del maiz 1974 C;tllosDe Leon 
"thi svivrth iiteraiatlunril spring whtrat yield 77 p. 
rn sey 1970 1971 12 p Revisiondte progririnas 1974 94 p. 

Thfi(lien r volution pelici and hunman it y Nor Tan EvilhUdci6n de vi laobten-Vrices y prolblemas en 

E 13ci rug 38 p iepriln ciOn tie especies foretli 
, risitentes itla 

royd. N.E Borliuq 50 p Itranslat ion) 

Li revol iui ri vIdt', P}aZy hurtandai Noriar Evolicionar o perecer N E Gotlaug. 30 p 

E Borlatig 38 p1 (trenslation) Itranslation) 
La piroductrvidiad igrt:ola V el prohlimi alimenta 

1973 riodreli polblaci6r hurii R J Laird 43 p. 

Proceedings wheat, tr iticale arid bar leyseminar Itranslation) 

378 p Litproduction ite almento, i nivel mundial para 

Sicorid arid thirrd international trliticle yield el ftuliro N E Borlaug, 9 p (translation) 

niirSirres, 1910 11, 1971 72 1031) 
Titic,ile rrbiidmg ,inrlresearch it CIMMYT A Maladies du mars Ctrlos re Leon. 77 p. 

pforg, leport F J Zdllnrsky 84 p 
Tieotrni'rt rlir(r for fertilier rise experlnrerita 1975 

Ion Foster B Cadv and Regiie J Ltird. The potent ialfor increaing cereal and livestock 
301p production in Algeria ED. Carter. 54 p. 

Sivrth inteinithonal spring wheat yield nursery. CIMMYT review 1975 104 p. 
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This is CIMMYT 46 p. 
High-quality protein maize-proceedings of the 

CIMMYT-Purdue symposium on protein 
quality in maize. 524 p. 

The Puebla Project, seven years of experience, 
1967-1973. 118p. 

India's high yielding varieties programme in wheat 
V.S. Vyas, 1966-67 to 1971-72. 35 p. 

Fourth international triticale yield nursery, 
1972-1973. 47 p. 

Fourth international durum yield nursery 

1972-1973. 60 p. 
Fifth international durum yield nursery, 

1974-75. 76 p. 
Results of the first to fifth international durum 

screening nurseries (IDSN). 1969-1974.72 p. 

Quality protein maize. Anthony Wolff. 16 p. 

Durum wheat: New age for an old crop. Steven 
A. Breth. 16 p. 

The return of medic. Steven A Broth. 16 p. 
Some ways international research programs carl 

assist advanced nations, E.W. Sprague. 8 p. 
(reprint). 

National production programs for introducing high-
quality protein maize in developing countries. 
E.W. Sprague. 9 p. (reprint). 

The uneven prospects for gains from agricultural 
research related to economic policy. T.W. 
Schultz, 8 p. (reprint). 

Potential 	for improving production efficiency of 
cereals. R.G. Anderson. 8 p. (reprint). 

Developing agricultural research personnel. E.W. 
Sprague. 9 p. (reprint). 

SPECIAL REPORT 

The field support functions of the agricultural ex
periment station in the developing countries. 
C.R. Pomeroy. 16 p. (reprint). 

A comparison of maize diseases in temperate and 

tropical environments. B.L. Renfro and A.J. 
Ullstrup. 10 p. (reprint). 

Revision de Programas 1975. 112 p.
 

Este es el CIMMYT, 1975. 46 p.
 
Mai'z de alta calidad prote(nica, Anthony Wolff.
 

16 p. 

Trigo duro: Nueva era para un cultivo antiguo, 
Steven A. Broth. 16 p. 

Preparac1on del personal para Ia investigaciOn agrico 

Ia. E.W. Sprague. 9 p. (translation). 
Las desiguales perspectivas de ganancias de Ia 

investivaci6n agricola en relaci6n a Ia pol'Iica 
econ6mica. T W Schultz 8 p (translation). 

Programas nacionales de producc6n para introdu. 
cir mai'z de alta califad proteinica a los 
pai'ses on desarollo. E.W. Sprague. 8 p. 

(translation). 
Una compaiaci6n de las enfclndades del mai z 

en ambientes tienpladc s y tropic(ales B L 
Renfro, y AL Ullstrup 11 p. (translation) 

La estac16n agr'cola expetinmental, sus funciones de 
apoyo para frabailos en e;l iarnpo en los paisis 
en desarrollo. C.R Pomeroy 16 p. translation) 

Le 	potentiel de developpment de Ia production 
cerealire o lde l'elevage en Algerie E.D 

Carter, 1975. 72 p. 

EVALUATION OF THE CIMMYT WHEAT TRAINING PROGRAM
 

This article was written by Burton E. 

Swanson, assistant professor in the College 

of Education, Uiversity of Illinois (USA). It 

is reprinted from the Journal of Agronomic 

Education 4:85-89 by permission of the 

author and the American Society of Agro-

nomy. 1 
The wheat training program in Mexico is 

Mexicost 
an 

The wheat trainingprogramtin 
integral part of the International Maize 

and Wheat Improvement Center's overall 

outreach program to make improved wheat 

technology available to farmers in all major 

wheat growing regions of the tropirs and 

SPECIAL REPORT. 

subtropics. Strong national programs are an 

essential part of this international wheat
 

improvement strategy, both in the process
 

of developing and disseminating improved
 

wheat technology, and also in dealing 

with the technological spin-off problems 

(primarily disease epidemics) that ate a po

tential threat to the precarious food balance 

in densely populated nations. 

When the wheat r;volittion began to spread 

beyond Mexico in the early 60's, particularly 

'to South Asia and the Middle East, national 

wheat improvement programs in less de-

E VALUA TION OF WHEAT TRAINING III 
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veloped countries were generally weak and 
poorly organized. Therefore, CIMMYT 
organized an in-service training program to 
help upgrade the technical skills of research 
personnel in these national wheat im-

provement programs. 

Since CIMMYT began its international wheat 
training program in the early 60's, more 
than 300 participants from nearly 40 dif-
ferent countries have gone to Mexico for 
training. In late 1972, a follow-up study was 
initiated to determine ho'w effective this 
training approach had been in meeting the 
job requirements of former trainees. Mail 
questionnaires were sent to all former train-
ees who had been back home on the job 
for at least 6 months. Of the 183 former 
trainees who were sent questionnaires, 134 
responded (73.2 percent).) The data re-
ported in this paper are based on this follow-

up study.3 

A profile of trainees selected. The major 
thrust of CiMMYT's wheat training program 
is directed toward middle-level research 
workers. In this section, descriptive data 
are presented to characterize those trainees 
that were selected for the inservice training 
program in wheat improvement, 

The mean age of wheat trdi0es coming to 
Mexico was foundl to he 30.6 years and all 

buttoghof the ferstoselttrainees 
Although CIMMYT prefers to select trainees 

with a minimum of a B.S. degree, it was 
found that 21 percent of the trainees had 
less than a B.S. degree when coming to 
Mexico. Of the remaining trainees, 58 per-
cent had B.S. degrees arid 21 percent had 
M.S. or Ph.D. degrees. 

Several authors have indicated that agri-
cultural personnel selected for academic 
training in the U.S. are often from uiban 
areas and relatively unfamiliar with the agri-
cultural problems of their home countries 
(Mellor, 1963; Wharton, 1959). Several 
questions were asked to learn more about 
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the backgrounds of former CIMMYT trainees. 
First, it was found that 61 percent had 
grown up (at least until the age of 12) in 
rural areas, while 39 percent indicated that 
they were raised in an urban environment. 
Of those trainees reporting, 47.5 percent 
indicated that their fathers were employed 
in agricultural occupations (nearly all were 

farmers, most owning their own farms); with 
the remainder of the fathers being employed 
in business (20.0 percent), government (13.3 
percent), industry (7.5 percent), teaching 
(5.8 percent), a profession (4.2 percent), or 
the military (1.7 percent). 

CIMMYT trainees were all employed before 
going to Mexico and 98 percent were as
sociated with wheat improvement work. 
Trainees, on the average, had beer working 
6 years on the job before being selected for 
training in Mexico. Most trainees were 
actively engaged in field research work be
fore going to Mexico (83.5 percent), with 
the remainder being mainly involved in field 
extension work (6.5 percent), laboratory or 
greenhouse research (5 percent), or admin
istrative work (5 percent). 

Training objectives and methodology. The 
training program revolves around three main 
educational objectives: (i) to impart to train
ees the research skills arid knowledge to run 
a wheat mprovement program (ii) to en

courage and develop the trainees' ability to 
cet snhsz)nwfrso hacreate (synthesize) new forms of wheat 

technology, and (iii) to foster specific types 
of attitudinal change among trainees. 

Technical training. 4 The first half of the 
regular 8- to 9-month training program in 
wheat improvement largely deals with the 

mechanics of conducting an efficient, well
organized research program. Trainees learn 
all the essential research skills and techniques 
needed to manipulate and evaluate new 
forms of wheat technology. This training 
is accomplished through "on-the-job train
ing" (Laird, 1972, pp. 22-24). Trainees 



follow the CIMMYT wheat program through wheat plants being grown under a variety 
each stage of the growing season (and the of different conditions (both favorable and 
varietal development process) with each task unfavorable growth environments) respond 
or operation first being discussed in the class- differently to those conditions. A good 
room and demonstrated in the field. After observer is able to detect how ph-nts 'act 
the trainee has the opportunity to practice to each of theie dif ferent environmental con 
the skill and is "checked out" to insure ditions and based on the reactions, select 
that he is reasonably proficient, he proceeds those genetic rnes with the greatest po 
to help carry out each research task or tential, 
operation within the ongoing CIMMYT re- CIMMYT scientists use a similar, but sore
search program. what controversial, selectian 'riinir g tech 

Once the trainee learns how to conduct a ilitue In the resea(I'h t rdailrli iigp O(iam Sirmet 
research program he can give increasing em observers hive criticized CIMMYT tot 

phasis to the content or the materials pas- ''using" tiainees to complete i (otire and 
sing through the research program. In terms tedious research tasks, sLch as irroculatrrrg 
of education objectives the emphasis is on segregating populations with rust spores, Is 

' 
synthesis (Bloom. 1956, pp. 162-72). The part of the training progiam Perfoirning 
job of the breeding team is to create (syn- disease inoculations is a joh that CIMMYT 
thesize) new genetic lines and varieties by needs to have (oene drd W(liries about 2 
combining and recombining diverse types of weeks (it hard, hack.hvakrig work, wading 
germ plasm. To be effective and efficient through n.iddy plots (imary tiries I the 
in developing high yielding varieties, rain), imln plantctiitlg two tillers of each F: 
the trainee must learn and become increas- with iasyringe full of Irs(Iase iinculum 
ingly familiar with the various genetic char- After the first morning of this activity, there 
acteristics and materials he is attempting to isrio additional techrilical training vli',1i 
manipulate. For example, an experienced re- tar' acco,,l)shed, howtver, what lhf, 

search scientist in the Cl MMYT wheat pro- CIMMYT staff learnsl la(lit hr,"triree 
gram can walk up to an advanced generation population" during these two weeks is i 
plot-and there are hundreds of such plots-- portaut dAttisgse theirSolne tlirlrrs io(7,1 
and from visual inspection alone give the displeasure for this type of work for a moin 
approximate pedigree of the line (from Ig or two, but aftei week ii 10 (ays, 
several hundred potential parent lines and trainees ale clearly strgieg'tIrig III their "eac 
varieties), give several reasons why the cross lion to hard field work.' Some trainees may 
was made, and evaluate the visual character- do the work while CIMMYT staff members 
istics of the line. By working side by side lax underare nearby, but ther ler a tree when 
with experienced scientists in the CIMMYT they leave (rpeiesenting air attitude of "coin 
wheat program, and by azking and being pliance," givrrn this rype of behavior). Still 
asked the question: "why? " -trainees soon others may call IIIsick for a few days to 
begin to develop an ability and an insight avoid the work (noncompliance); while 
into the creative process of genetic others ale out m the plots gettling the work 
engineering. done. CIMMYT par tICuilrlly wants to identi 

A tttudinalchange. There is a common fy this last gr oup tftr ainires who either 
expression used in the CIMMYT wheat train- "identify with," or have "intlernalized" pc 
ing program: "The plants are talking to you, sitive attitudes towrd this type of research 
but you have to use your eyes to hear (Kelman, 1958, pp. 5160) CIMMYT be
what they are saying." Ifiother words, lieves it is this last gtroup that will begin to 
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Table I make up the hard core of working scientists 
Trainee satisfaction with the overall tech- within national wheat improvement pro
nical training program at CIMMYT. grams. 

The training program in Mexico is viewedLevel of satisfaction Number Percent by the CIMMYT wheat team as only the
 
Very satisfied 
 85 65.4 first step in a long-term process of trainingSomewhat Satisfied 42 323 effective wheat research workers and buildingNeutral 1 0.8 national wheat improvement programs. Be-
Somewhat dissatisfied 2 1.5
Very dissatisfied 0 cause of this long-run perspective, the train-

Total 130 100.0 ing program becomes both a manpower de
velopment tool for ttaining skilled research 
technicians and an "early generat ion" selec
tion tool for identifying potential, hard 

Table 2. working research scientists that are orientedLevel of training use in respondents' present toward practical, problem oriented field re
job assignment. 
 search, Trainees are observed in Mexico 

and again back home onl the job. ThoseLevel of use Number Percent who excel in attitude, outlook, intellectual
 
Little oi no use ol training 8 6.4 
 ability and technical know-how in bothSome ise Of taiiing 59 47.2 working environments are identified as primeFll US2Of training 58 464 candidates for academic fellowships. By

Total 125 100.0
Number not responding' 5 
 giving these individuals additional educa
tional opportunities, it is hoped they will•Thi% category includes four respondents pursuing move into key research and leadership pograduate studies. sitions within their own national wheat im

provement pro(irams in years to come. 

Table 3 Results and analysis of trainee follow-upPresent job assignment of former CIMMYT study. Trainees were asked a number of
 
trainees, 
 different questions to determine how they 
Job category .Number Percent assessed the training at CIMMYT, particular

-ly from the perspective of their present job
Wheat breeder 76 58.4 assignment and home country conditions.

Wheat agronomist 12 9.2
 
Plant breeder (other crops) 7 
 5.4 First, trainees were asked to assess the tech-
Wheat pathologist 4 3.1 nrcal-training considering their training
Cereal technologist 6 4.6 and experience before going to Mexico.Wheat extension specialist 5 3.8 Seventy-five respondents (57.7 percent) i-Seed certification (vheat) 0.81 

Experiniment station manager 4 3.1 dir'ated the technical training was very ap-Agricultural research technician 1 0.8 propriate, with another 51 (39.2 percent)University professor 1 0.8 assessing it as somewhat appropriate. Two 
Extension administrator I 0.8 
Administrative position Inational respondents wt e undecided, with only twowheat program) 5 3.8 former trainees ( 1.5 peicent) indicating thatOther type of administrative they felt the technical training was someposition 3 2.3 what inappropriate for their previous train-
Graduate student 4 3.1 ing and experience.

rotals 130 100.0 
Next trainees were asked to assess the ade
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quacy of technical training considering 
their home country conditions. Seventy 
respondents (54.7 percent) indicated the 
technical training was very appropriate, with 
another 47 (36.7 percent) assessing it as 
somewhat appropriate for their home 
conditions. Three respondents (2.3 per-
cent) were undecided, while eight (6.3 per-
cent) trainees assessed the training as some-
what inappropriate for their home country 
conditions. 

Finally, trainees were asked to give an overall 

assessment of their total training experience 

in Mexico (Table 1) and then to estimate 
how much of the training they have been 
able to use in their present job assignment 
(Table 2). 

In addition to directly asking trainees to 

assess the training program and their level 
of training use, another major concern was 

to determine if former trainees were still 

working in positions where they could make 

direct use of their previous training. First 

trainees were asked to give the descriptive 

title of their present job assignment (Table 

3). As the data indicate, a high proportion 

of former trainees are still working in the 
specific skill areas for which they were train-

ed-particularly wheat breeding, wheat agro-
wheat pathology, 

om, realextehnolor wheat extension. 

Former trainees were asked to name the 
principal crops they work with in their 
present job assignment. Ninety respondents 
(71.4 percent) indicated that they only 
worked with wheat and barley, while another 
25 trainees (19.8 percent) worked with 

wheat and other crops. Three respondents 
said they only worked with other crops; 
three trainees said they no longer worked 
with any type of crop improvement pro-

gram; and five trainees (in addition to the 

four graduate students) failed to respond, 
but presumably are not working directly 
with wheat improvement work. 

The work performance of those trainees 

actively engaged in wheat improvement work 
when thesurvey was taken (105 trainees) 
was measured by asking each respondent 
how many research experiments, replicat
ed applied research trials, genetic crosses, and 
production demonstration plots he or she 
had completed during the main wheat grow
ing season of 1972. As shown in Table 4, 
former trainees are completing asubstantial 
number of field research activities that tend 
to emphasize applied or developmental types 

of research; particularly in the area of 
varietal improvement and testing. 

The observed work behavior of former train
ees is quite consistent with the training 
objectives and strategy being pursued by 
CIMMYT. Furthermore, based on a com 

parative analysis of the CIMMYT wheat 

training program with the International Rice 
Research Institute's Research Fellow, Scholar 

Training Program it was possible to de

termine that this pattern of work behavior 

i., largely explained (ac least in these two 

cases) by tfie impact of the training pro

gram itself (as an intervening variable) rather 

than by other independent variables, such 

as the personal char acter istics of trainees, 
the types of positions field by trainees, or 

the types of organizations where former 

trainees are employed." Therefore, it is 
concluded that the CIMMYT wheat train

ing program has been successful in training 
research workers from less developed coun
tries to carry on active research progrms 
aimed at producing improved wheat tech
nology. 

Notes
1!. This paper was writiven as part of a research 

pioject on Iftn echnology transfer sysmaronal 
terns supprterf ly the Program of Advanced 
Studies in Insituton Buiding and Technical As
sisrance Methodology (PASITAM) of the Mid
west Universiies Consortim for Iniernaional 

Actvities (MUCIA) through a211 (d) grant from 

us Agency for International Development The 

original research, on which this paper is based, was 
supported 1)'ygrants from The I irlurfaion.l Rice 
Research Instinure. the Internaional Maize and 
Wheat Improvement Center and the Land Tenure 
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Table 4.
 
Average number of research and production activities completed
 
by those CIMMYT wheat trainees that were active in wheat
 
improvement programs during 1972.
 

Average number 
Trainees of activities 
conducting each completed 
activity (N = 105) per trainee 

Type of activity' Number Percent (N = 105) 

A. 	 Laboratory or greenhouse 
experiments 13 12.4 1.37 

B. On station field experiments 56 53.3 5.62 
C. Genetic crosses 56 53.3 227.10 
D. 	 On station replicated applied 

research trials 65 61.9 7.24 
E. On farm replicated applied 

research trials 44 41.9 4.74 
F. 	On farm high yielding 

production plots 37 35.2 3.71 

'Research activities measured in this variable were classified in the 
original study in terms of a general research continuum-moving from 
experimental research in the top categories (types A & B), through applied 
or developmental types of research in the middle (types C, D & E), to the 
demonstration of improved agricultural technology to farmers in the 
bottom category (Type F)-to determine which types of research activities 
were being emphasized by former trainees (Swanson, 1974. Training 
agricultural research and extension workers. p. 163-166). 

Center at the University of Wisconsin. The CIMMYT external program review panel, Mimeo.
 
author, when this paper was written, was a re- International Maize and Wheat Improvement
 
search associate in the Department of Continuing Center, Mexico.
 
and Vocational Education, University of Wiscon- 6/ Swanson. Training agricultural research and
 
sin, Mad-son. extension workers, p 365-379.
 
2/ Four questior.naires were received too late to
 
be included in the analyses, Literaturec/tea
 
3/ Burton E. Swanson, 1974. Training agricultural Bloom. Benjamin, S. 1956. Taxonomy of educa
research and extension workers from less develop- tional objectives, handbook I: Cognitive domain
 
ed countries. Unpublished Ph.D. dissertation, p. David McKay Company, New York.
 
101-187 University of Wisconsin, Madison. Kelman, H.C. 1968. Compliance, identification
 
4/ CIMMYT now offeis four diflefent technical and internalization, three processes of attitudi
training courses in wheat irprovenient The nal change. J. Corflict Resolution. 2:51-60.
 
original wheat bieeding and improvement program Laird, Dugan H 1972. Training meth-ds for skills
 
has now been supplemented with courses in cereal acquisition. American Society for Training and
 
technology, wheat pathology and wheat produc. Development, Madison, Wis.
 
tion (primarily for extension specialist). Since Mellor, John W. 1963. Professional training in agri
most respondents in the follow-up study particpat- culture frr foreign students. p. 210-235. In
 
ed in the original wheat trainiig program, this Irwin T. Sanders led ) The professional educa
course isdescribed here. (For information on the tion of students from other lands Council on
 
other three wheat training programs, see Swanson. Social Work Education, New York.
 
Training agricultural research and extension work- Wharton, Clifton R., Jr. 1959. The U.S. graduate

ers) training of Asian agricultural economists. The
 
5/ EI-Tobgy, Hassan Ali, A.B. Joshi, Vernon Ruttan Council on Economic and Cultural Affairs, Inc.
 
and Howard A. Steppler. 1972. Report of the New York.
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in thousands 
US$ 6048 

US$ 1786 
1765 

650 
625 
303 
150 
110 
70 
10 

579 

1756 
1018 

562 

121 

55 

1419 
714 

167 

128 

111 

99 

80 
75 

38 

7 

9223 

7568 
1638 
1464 

856 
758 
428 

200 
105 

75 
52 

899 

697 
299 
97 

1550 
1328 
222 

9118 
105 

9223 

1975 CIMMYT Sources and Application of Funds 

Core unrestricted income 

Inter.American Development Bank 
U.S. Agency for International Development 

The Ford Foundation 
The Rockefeller Foundation 
Government of West Germany 
Government of Denmark 
Overseas Deelopment Ministry (UK) 
United Nations Environment Programme 
Institute Mondial du Phosphate 
Administrative charges and misc. income 

Core restricted income 
United Nations Development Program 

Quality protein maize.East Africa economics 
Canadian International Development Agency 

Triticale research project 
Inter-American Development Bank 

Project in Central America andCaribbein 
International Devclopment Research Centre (Canada) 

Research on lowtemperature tolerant sorghums 

Special projects income 
Ford Foundation 

Projects in Algeria. Argentine. Egypt. Palstan. Tanzania, Tunisia. 
misc. training 

Inter-American Development Bank 
Training .n wheat andmaize 

The Rockefeller Fhinddtion 
Project in Turkey, misc. training 

Governmeni of Zaire 
National ttaize program 

Internatior al Institute of Tropical Agriculture 
Project in Tanzania. misc training 

Training grants from 13 donors 
International Potato Center 

Regional programin Maxico 
US. Agency for International Development 

Projects in Nepal, misc, training 
International Development Research Centre (Canada) 

Trificale abstracts. misc training 

TOTAL INCOME 

Core operating costs 
Wheat 
Maize 
Training 
Experiment stations 
Information services and library 

Economics 
General service laboratories 

Statistical services 
Conferences 
Administration 

General operations 
Indirect costs 

Capital acquisitions 

Special projects expenses 
Direct expenses 
Administrative charges 
TOTAL EXPENSES 
Reimbursements to donors and unexpended balances 
TOTAL EXPENSES, REIMBURSEMENTS, AND BALANCES 
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Location and elevations of experiment stations in Mexico at
 
which CIMMYT conducts research (N stations of the 
 Instituto
 
Nacional de Investigaciones Agricolas).
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