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THE DIRECTOR GENERAL'S OVERVIEW.
If we profile CIMMYT history in a diagram, we cannot chart a smooth upward-moving
line; rather we see a series of steps - each step reflecting a new situation, new problems,
- new oPPortunities, and sometimes new leadership chosen for the road ahead.
In 1978, CIMMYT reaches another of those steps.
At the close of the year, CIMMYT's leadership will be taken up by a 48-year-old agricultural administrator, Robert D. Havener. The new Director brings to CIMMYT a mix of
experience suited to the needs of CIMMYT in the 19tJO's. Havener grew up as a farmboy
in the U.S. corn belt in the depression years of the 1930's; he earned B.S. and M.S. degrees in agriculture and economics from Ohio State University; he serl/,ed in the extension
service find as manager of an agricultural cooperative in his home state, then moved into
an intefnational career. For four years he was advisor to the distinguished Rural Development Academy at Comilla, Bangladesh; then six years as advisor on agricultural research
and development projects in Pakistan; then head of the Arid Lands Development Program
(ALAD) at Beirut. Under Havener's creative leadership, ALAD services spread to 20
countries in the Mideast, North Africa, and tropical eastern Africa. Havener was designated executive officer to organize CIMMYT's sister institute, ICARDA (International
Center for Agricultural Research in Dry Areas).
Next, taking leave from Asia, Havener earned the degree of Master of Public Administration at Harvard University, then joined the New York staff of the Ford Foundation,
still responsible for agricultural projects in developing countries. In New York he served
with Foundation officers who had helped to create several international agricultural
centers and to shape their programs.
Thus Havener brings to CIMMYT seventeen years of successful work with developing
countries. He has first-hand knowledge of LDC (less developed country) governments and
experience with the financial donors who support the international centers.
To match Havener's fresh leadership, CIMMYT Trustees in 1978 elected four promi·
nent agricultural scientists as new Trustees and appointed them to the Program Commit·
tee of the Board. The new members include one each from Ecuador, Sudan, Germany,
and Japan. Problems and opportunities awaiting CIMMYT's new leadership can already be anticipated. But the outlook will be clearer if we first trace CIMMYT's evolution, and describe
the momentum which carries over into the years ahead.
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1966-71:

!

Formative Years.

Founder's Day for CIMMYT was September 21, 1966. But research on maize and
wheat in Mexico carried back at least to 1943, through CIMMYT's predecessor organization - a special office in the Mexican Ministry of Agriculture, jointly staffed by scientists
from the Rockefeller Foundation and the Mexican Government. The predecessor organization developed the first semi-dwarf wheats for the tropics. It produced hybrid maize
varieties, which were high yielding in Mexico.
'
,~'
Because of this quarter-century Ofearlierresearch (1943-1966), CIMMYT made a rapid
start. Here are some accomplishments of the formative years under Edwin J. Wellhausen,
CIMMYT's first Director General (1966-71):
(1) Land from the Government of Mexico and funds from the Rockefeller Foundation provided a headquarters, both economical and efficient, located 50 kilometers northeast of Mexico City. Access to eight research stations in MeXico offered a Wide range of
altitudes and climatic conditions for research to serve all developing countries.
(2) From the research stations experimental seed flowed outward to scores of countries - for testing, for further improvement by national scientists, for release to farmers.
(3) A training program took shape in Mex ico. Major emphasis was on young scientists
from developing countries, who held a first academic degree in agriculture but lacked
experience in field research. They participated for one cropping season in Mexico alongside CIMMYT scientists. More experienced scientists from developing countries each
spent several months at CIMMYT participating as visiting scientists. Upon returning
home, those with Mexico experience were absorbed into the networks of scientists working on maize and wheat in developing countries.
(4) CIMMYT posted some of its own staff to work with local scientists in a developing
country. By 1970 these "outreach staff" were serving in five countries on three continents, setting a pattern which CIMMYT still follows.
(5) Financial resources increased. CIMMYT's single donor in 1966 (Rockefeller
Foundation) grew by 1971 to five donors, drawing support from the Ford Foundation,
USAID, UNDP and the Inter-American Development Bank. Expenditures during this
formative period rose from $440,000 to $4 millions a year.
This was the state of CIMMYT's evolution when the Consultative Group on International Agricultural Research (CGIAR) entered the picture in November 1971. The
robust rate of growth which CIMMYT experienced in its next phase was dependent on
the new resources provided through the Consultative Group.

1972-78: Years of growth.
CIMMYT's activities have expanded greatly during the 1970's - in size, in scope, in
creative character. That is the view which CIMMYT hold.s of itself - biased perhaps - but
also corroborated by the impressive growth of wheat and maize production in developing
countries, and by the credibility which 19 donors continue to place upon CIMMYT's
accomplishments.
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Here are some developments of CIMMYT's growth in the 1970's.
(1) Measurable indicators between 1971 and 1978 are easiest to assess. For example:
Donors increased from 5 to 19. Total annual budget rose from $4 to $12 millions. International staff positions grew from 57 to 78. International wheat trials expanded from 600
trials in 1971 to 1700 trials in 1917; and the maize trials, from 300 trials in 1971 to 450
trials in 1977. The increase of international trials was especially significant because each
trial site for wheat or maize is a show window for the world crop improvement network.
(2) Travel by CIMMYT's international staff in developing countries has expanded to
keep pace with increasing trials. Measured in man-days of travel per year, our personnel
records show:
1972
1823 man-days of travel (equals 5 man-years).
1973
2297
1974
2415
1975
3012
1976
2958
1977
4323 man-days of travel (equals 12 man-years).
(3) Regional programs for both wheat and maize were introduced in the 1970's, and
now represent the largest single change of the decade, because of their direct impact upon
research and production in developing countries. In 1978 regional maize programs
operate in three areas (Central America, Andes, and southern Asia); and regional wheat
programs operate in three areas (Andes, eastern Africa, and the Mediterranean-Mideast).
Other regional programs are scheduled to begin in 1979-80. Regional staffs are especially
effective, CIMMYT has found, because they improve the quality of trials in developing
countries, and persuade governments to supplement their experiment station testing with
on-farm research. Both factors add to the effectiveness of the networks.
(4) CIMMYT's economics program was established in the 1970's. In 1978 there are
three economists at headquarters in Mexico, contributing to program planning and to
training; another three economists serve in regional programs (eastern Africa, southern
Asia, and the Andes). Regional economists have developed farm level surveys which give
new insights into farmers' practices and attitudes; hence provide guidelines for scientists
and policy makers.
(5) Training' at CIMMYT was greatly strengthened in the 1970's. Training officers
expanded from 2 to 6. Training manuals added substance to instruction. New types of
training were introduced - for research station managers, for laboratory technicians, and
most important, for production agronomists. Production trainees now participate in onfarm research in Mexico, to prepare themselves for similar work at home. CIMMYT
trainers are extending their services into developing countries by assisting with production
courses there. So far CIMMYT has participated in this type of training in 10 countries.
(6) Our reporting to donors and to the public has expanded into a major activity.
CIMMYT publications have increased in number and are now distributed to a mailing list
of 4600. Visitors to CIMMTY headquarters rose from less than 1000 in 1972 to more
than 9000 in 1977. CIMMYT introduced "Presentation Week" in 1973 and has repeated
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this 6-day briefing program at least once a year, mainly for donors and Trustees.
(7) Growth in itself means little unless it results in a rising production of wheat and
maize in developing countries. We find progress here too. During the ri!i.cadt! from mid1960's to mid-1970's, population in developing countries rose 30~and in the same
decade wheat production in developing countries rose 50% ,and maize production rose
38 %. Thus production of these two major cereals stayed ahead of population growth.
(See Table 1.)
(8) A "Special Report" has been included in this publication, CIMMYT Review 1978,
giving recent information on the spread of semi-dwarf wheat varieties developed by
CIMMYT-INIA and their predecessor agency.
This Report indicates that the high yielding wheat varieties were grown in 1976-77 on
29.3 million hectares; that the high yielding "package" varieties and accompanying agronomic practices have now added 24 million metric tons per year to the wheat harvest in
developing countries compared to the average harvest in the mid-60's; that if the developing countries had imported this additional wheat instead of growing it themselves, they
would have spent at least US$3,400 millions in added foreign exchange for grain imports
in the single year 1976-77.
(9) The maize program set a different kind of growth record in 1977. CIMMYT received requests that year for additional seed of experimental maize varieties from 40
national programs among the 55 countries which grew international maize nurseries.
Never before had there been such evidence that nations were multiplying maize seed of
experimental v~rieties from Mexico and preparing for tests on farmers' fields. These tests
often lead to the naming and release of new varieties.
(10) Not all the news has been favorable. Developing countries have continued in the
mid-1970's to import 20-25 million tons of food grain a year. And in the disastrous year
of 1974 the developing countries imported almost 50 million tons of grain at a cost of
over US$10,000 millions in a single year. That is unfinished business for CIMMYT and
other international institutes.
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1979 Onward: Future problems, Future opportunities.
This commentary now turns from past developments to a look at future prospects assessing some problems which will face CIMMYT in the 1980's, along with newopportunities for effectiveness.
(1) Population growth: From the mid-60's to the mid-70's, the population of developing countries rose 30%:from about 1500 million people to about 1900 millions. For the
following decade - from mid-70's to mid-80's - growth will again be about 30% from
about 1900 millions to about 2400 millions. Some developing countries will gain less,
some more, but the overall momentum of population growth in Asia, Africa, and Latin
America is expected to change little by 1985. Even up to 2000 AD., present forecasts
promise no dramatic reduction in the growth rate for LDCs. Projections indicate about
3300 mil/ion people in developing countries by the turn of the century. This sets the
target for food production.
For example, by 1985 the developing countries will be consuming about 550 million
tons of grain per year, up 30 % from 1975. And by 2000 AD., they will consume 700
million tons of grain, up 67% from 1975. These are straight line projections and do not
provide for increased consumption by people Whose incomes are rising.
If the future grain requirements in LDCs are restated in yields per hectare, the LDCs
will need:
1975 - 1.3 metric tons per hectare (the actual average yield
of all cereals in LDCs in 1975).
1985 - 1.7 metric tons per hectare reqUired.
2000 - 2.2 metric tons per hectare requ ired.
This pressure of population growth will continue to confront CIMMYT in the 1980's.
Wheat, barley and maize - CIMMYT concerns - contribute 40%of the grain harvest in
developing countries.
(2) Another perspective on population growth is the number of persons who depend
for food on each arable hectare in developing countries. In 1975, the LDCs used 670
million hectares of arable land to provide food for their 1900 million people. That meant
about three persons were supplied food from each hectare in 1975. If we assume that the
number of arable hectares cannot be significantly increased, but that population will continue rising at 30% per decade, each arable hectare will be expected to support 3.5
persons in 1985, and 5 persons by 2000 AD.
These averages, however, conceal dramatic differences between developing countries.
For example, in 1975 Mexico used 28 million hectares to provide food for 60 million
people, a little more than 2 persons per hectare. In 1975, Egypt was attempting to
support 37 mil/ion people from 2.9 mil/ion hectares, or 13 people per hectare. And in
South Korea, population in 1975 had reached 14 persons per arable hectare. If we project
the population increase (at current growth rate) to 1985, Egypt will try to support 16
people per arable hectare, and South Korea 17.
These projections to 2000 AD. indicate food situations very nearly impossible for
some countries, a laryer share of populations will need employment off the land.
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Table 2 indicates the number of people per arable hectare in 1985 and 2000 A.D. for
selected countries, assuming that arable hectares remain constant, and population continues to grow at the same rate as in 1965-1975.

Figure 1 portrays this information graphically.
These are not forecasts but only the approximate magnitude of the food problem in a
few countries, if growth continues without change.
The man-land ratio is another factor influencing CIMMYT's program in the 1980's.
(3) Population pressure upon the land (Figure 1) inevitably brings changes in the farming system Farmers need shorter season crops so that more crops can be grown each 12
months on the same land. The People's Republic of China achieved a doubling of food
production during 1950-75 with the help of shorter season crops which permitted double
cropping many areas that grew only one crop before, and triple cropping some areas
where two crops were grown before. Greater crop intensity required more irrigation and
more fertilizer.
Other changes occur in farming systems as population rises. Farmers substitute higher
yielding crops, -for example, cereals replacing legumes in many places.
The cropped area expands - into forests, into pasture land, up the mountain sides,
into colder, drier, or poorly drained areas, into problem soils. This expansion creates the
need for new kinds of agricultural research.
Changes in farming systems will speed up in the 1980's, requiring further changes in
CIMMYT's program.
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Figure 1. Persons to be fed from each arable hectare in selected countries, 1975, 1985,
and 2000 A.D.
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Figure 1:

each recta.ngle represents 1 arable hectare.
The figures inside the rectangle represent the population requiring to be fed from one
arable hectare.
Assu.mptions:
(1) That arable hectares will not increase significantly during 1975-2000 A.D.
(2) That population growth during 1975-2000 will continue at the same growth
rate as in 1965·75.
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(4) The role of national research programs will be changing. Farming systems are
essentially country-specific or region-specific. Research for changes in farming systems
will not be accomplished at international centers like CIMMYT but in national and
regional programs. CIMMYT became involved in these studies through collaborative
arrangements. For example, studies of the wheat-medicago rotation in Tunisia-Algeria
resulted in adapted technology which is now spreading to other countries of the Mediterranean region. The rotation of summer season rice and winter season wheat or barley in
the Republic of South Korea has become the government's No. 1 priority. The rotation
can be tested only locally, but CIMMYT is assisting with development of early maturity
winter cereals for incorporation into the rotation.
In future, national programs may develop more and more of the experimental varieties
which are tested around the world. But CIMMYT and other international centers will
continue to provide access to the world germ plasm collections, and give leadership to the
world-wide testing system. Service functions performed by international centers will thus
become even more important in the 1980's.
(5) In the 1980's the CGIAR foresees a slower growth of financial resources.
CIMMYT's program leadership will find it necessary to devote more time to the proper
briefing of donors, and to the search for new support.
A system of priorities, sufficiently objective to facilitate the allocation of funds, will
require comprehensive information on the role of various crops in human nutrition, and
on farming practices and constraints.
Fortunately, information on these questions is increasingly available through the widespread use of on-farm research, through farm-level surveys, and through better contacts
with the policy makers in developing countries. These activities initiated by CIMMYT
program staff in the 1970's will take on even greater importance in the 1980's.

Summing up
To sum up: CIMMYT has acquired the essential elements of a "Center of Excellence."
These are:
A creative staff, including younger scientists rising to future leadership.
Headquarters facilities, adequate for the present, well maintained.
A network of research stations located in climatic zones suited to the needs of developing countries.
A world-wide network of collaborating scientists for wheat and maize, committed to
exchange germ plasm and technology.
Good working relationships with the governments of developing countries.
Credibility of donors.
A strong Board of Trustees.
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CIMMYT's directing staff will be tested by the changes now foreseeable in the 1980's
and will be judged by how well it handles new opportunities for effectiveness. The changes
include:
A population growth rate for all iDCs, now 30 % in 10 years.
Pressure of man upon arable land, reaching 16 and 17 persons per arable hectare in
some countries by 1985.
Farming systems changing steadily as papulation density rises, creating the need for
new guldelines for research.
The changing role for national programs, and along with it, a changing role for international centers.
Tighter finances.
With this agenda, the 1980's will be a strenuous decade.
Haldore Hanson
Director General
£1 Batan, July 1978
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Introduction
Introduction To
To Maize
Maize Program
Program
World maize production for the year 1976 was 334 million lons,
World maize production for the year 1976 was 334 mi II ion tons,
a record. In developing countries the maize crop of 1976 was 73
a record. In developing countries the maize crop of 1976 was 73
million tons, equalling the previous high. (FAO Production
million tons, equalling the previous high. (FAO Production
Yearbook 1976.)
Yearbook 1976.)
But maize yields are increasing more slowly than
But maize yields are increasing more slowly than
population in developing countries. And developing countries
population in developing countries. And developing countries
as a group continue to import about 5 million tons of maize
as a group continue to import about 5 million tons of maize
each year.
each year.
Imports indicate a food deficit. Higher yields per unit area
Imports indicate a food deficit. Higher yields per unit area
are needed if the developing world is to achieve selfare needed if the developing world is to achieve selfsufficiency and stay ahead of population.
sufficiency and stay ahead of population.

Gap between researcher and farmer
Gap between researcher and farmer

A wide gap exists between maize yields in research stations
A wide gap exists between maize yields in research stations
and in farmers' fields. In lowland tropical climates for example,
and in farmers' fields. In lowland tropical climates for example,
scientists in national programs generally achieve maize yields
scientists in national programs generally achieve maize yields
of 3-6 tons per hectare, whereas national average yields in
of 3-6 tons per hectare, whereas national average yields in
farmers' fields are typically 0.7 to 1.7 tons, commonly below
farmers' fields are typically 0.7 to 1.7 tons, commonly below
one ton. In the highland tropics the gap is similarly wide - from
one ton. In the highland tropics the gap is similarly wide - from
6-10tons in the research station compared to 1.5-2.0tons in the
6-10tons in the research station compared to 1.5-2.0tons in the
farmers' fields.
farmers' fields.
CIMMYT urges these countries to test and demonstrate
CIMMYT urges these countries to test and demonstrate
new maize varieties on farmers' fields, for two reasons: to prove
new maize varieties on farmers' fields, for two reasons: to prove
whether the new technology is actually better than the old,
whether the new technology is actually better than the old,
under farmers' conditions; and to persuade the farmer that new
under farmers' conditions; and to persuade the farmer that new
technology works on his land. Farmers are not persuaded by
technology works on his land. Farmers are not persuaded by
what they see at the research station.
what they see at the research station.
Many governments are now introducing on-farm testing
Many governments are now introducing on-farm testing
for the first time. This will help narrow the gap between
for the first time. This will help narrow the gap between
research station and farmer.
research station and farmer.
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Delivering new technology
CIMMYT continues to employ many ways for moving new
technology to developing countries.
In 1977 our international maize nurseries were grown in 64
countries. These nurseries display experimental material in the
developing world where they can be evaluated by scientists
and farmers, and the trials provide data which guide the
worldwide network of maize scientists.
Sixty more young scientists from developing countries
were brought to Mexico in 1977 to work one cropping season
with our staff. They are now back home, where they serve in the
international network.
CIMMYT's headquarters staff travelled to 45 countries in
1977 to see the international trials, to visit former trainees, to
observe production problems in farmers' fields, and to discuss
policy questions which influence maize production.
In 1977 fifteen CIMMyT maize scientists were posted in
regional and national programs outside Mexico. The regions
are: Central America and the Caribbean (14 countries served);
Andean region (5 countries); and South and Southeast Asia (15
countries). CIMMYT also had staff posted in 1977 in the
national programs of Egypt, Guatemala, Nepal, Pakistan,
Tanzania, and Zaire.
In pages which follow, our staff has assembled an overview of
the recent work in maize improvement. It shows some
encouraging developments.
From current results we draw confidence that the
worldwide network of scientists can develop new technology
at a pace which will permit maize production to stay ahead of
population growth - for some additional years.

£. W. Sprague
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Procedures for Improvement
of Maize Populations
And Development of New Varieties
During the 1970's CIMMYT has evolved a number of germ
plasm pools (early stages of improvement) and advanced
populations (improved over many generations). Each year
selections from these pools and populations are tested in
Mexico, then the superior materials are tested by a network of
more than 500 collaborators in over 60 countries. The
judgment of the worldwide network thus guides the national
programs, and helps CIMMYT develop more productive
populations and varieties for shipment to them.
The release of new varieties to farmers in developing
countries is a decision made by each collaborating
govern ment.
This process of population improvement and varietal
development is summarized in the Maize Pyramid diagram.

Thousands of
superior families are
tested, and onlv the
best are chosen to
generate new
advanCed populations.
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THE MAIZE PYRAMID

Farmer production
of new varietY

National
variety
release

National
demonstration
trials

International
elite experimental
variety trials

International
experimental varietv
trials

lriternational progeny
trials

Special
projects
selecting for four
characteristics

Back-up pools
in Mexico

New germ plasm
Germ Plasm Bank in Mexico
International Introduction nurseries
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Collaborative
research
developing
resistance
to three
diseases

National variety release
Based on local farmer demonstrations, and worldwide data, each national program decides whether to
release a new variety.

National demonstration
National programs alone decide whether an elite experimental variety justifies wider demonstration on
farmers' fields. CIMMYT supplies basic seed for increase by governments. In larger countries,
demonstration trials take place at hundreds of sites.

Elite experimental variety trials
Remnant seed of the elite varieties is increased in Mexico to generate the quantity required for 200 test
sites the following year. For the first time, some trials are held on private farmers' fields.

International experimental variety trials
In Mexico during the off-season CIMMYT intercrosses the 10 best families from each site using reserve
seed and the random mating method, to produce an experimental variety which will be tested by
collaborators at 20-40 sites, worldwide, during the following year. Data from these 20-40 sitesdetermine
the selection of elite experimental varieties lor the following year.

International progeny trials
The 250 progenies Irom each population are sent to collaborators at five sites, worldwide, to be grown in
250 5-meter rows, with six local checks, forming a 16 x 16 simple lattice with two replications. Ten best
progeny are identified by the collaborator at each site, to lorm one experimental varietyforthe following
year.
From collaborators' data CIMMYT identifies the 10 best families giving superior performance across all
test sites, and uses these to develop an "across-site" variety. CIMMYT also identifies 100 lamilies on the
basis 01 across-site pertormance to reconstitute the advanced popUlation for the next generation.

Advanced populations In Mexico
Here materials continue to be grouped by agro-climates, but unlike the pools, the advanced populations
have completed several generations of selection lor better plant type, better disease and insect
resistance, belter yield. These populations are grown in Mexico, and 250 superior families (progeny) are
developed from each population lor international testing every second year.
'Special projects' deal with specific characteristics like shorter maturity, wider adaptation, more
efficient tropical plants (those putting a larger amount of dry matter into grain) and drought
tolerance.

'Collaborative research' develops resistance to three diseases: downy mildew in Asia, streak
virus in Alrica, corn stunt in Latin America.

Back-Up pools In Mexico
Here germ plasm is classified into 34 pools (genetic soups) according to three climatic regions (tropical
lowlands, tropical highlands, temperate zone), lour grain types (flint or dent, white or yellow), and three
lengths of growing season (early, intermediate, full season). There are 12 pools forthelowland tropics, 14
pools for the highland tropics, and 8 pools for the temperate zone. The pools are grown every year in
Mexico and seed Irom superior lamilies is moved into the appropriate advanCed populations.

New germ plasm
Each year new germ plasm is tested and some is selected lor addition to the back-up pools. Selections
may come Irom the germ plasm bank (13.000 accessions 01 varieties, lines, wild types) which are
continuously being classified; or Irom introduction nurseries (new materials received Irom national
programs).
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Germ Plasm Bank
The germ plasm bank is a service unit for researchers. The
bank unit maintains and-regenerates seed, tests and catalogs
them and ships seed to users.
The 13,000 items in the CIMMYT bank were gathered from
46 countries mainly by an agency of the Mexican Ministry of
Agriculture during the 1940's and 1950's. Over 90 percentofthe
collection consists of the species Zea mays L. The collection
also contains the near relatives Zea mexicana and Zea
perennis.
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The bank is held in concrete chambers at a temperature of

o degrees C. There are over 18,000 labelled storage tins of 2liter and 4-liter capacity containing 40 tons of seed. The tins are
arranged on steel shelving like library stacks.
A duplicate seed supply for the CIMMYT collection (500
grams per item) is being deposited for long term storage at the
U.S. National Seed Storage Laboratory in Colorado.

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

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

Super/or material.,
are tested by a
nerwork of more
thlln 500 collaborators in over 60
countries.
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Shipments to clients
CIMMYT offers free samples of seed from the bank to all
research organizations. From 1966 to 1976 the ban k made 647
shipments to 80 countries, representing morethan 27,000 seed
items. During 1977 there were 44 shipments totalling 2461 seed
items to 23 countries.
CIMMYT continues to fulfill the role of caretaker of the
world's largest maize collection.

Flow of Germ Plasm
Each year, raw germ plasm newly arriving at CIMMYT or drawn
from the bank is tested, and the superior materials are added to
the back-up gene pools. After recombinations and
improvement, superior progenies from the back-up pools are
moved into the advanced populations. Superior progenies
from the advanced populations are moved to the national
programs for use in their research and production programs.
This continuous flow of germ plasm is an essential part of
CIMMYT's delivery system.

Introduction nurseries
During 1977 over 1000 materials newly arrived in Mexico from
national programs were planted in observation nurseries. The
best will be moved into the corresponding back-up pools in
1978. A few will be further improved in the breeding nurseries
before they are incorporated. New materials are especially
needed for earliness and disease-insect resistance.

Materials from the bank
In 1977, 500 bank accessions of tropical character were
evaluated at two sites (Poza Rica and Tlaltizapan), 500
temperate accessions were evaluated at Tlaltizapan, and over
300 highland accessions at EI Batan and Toluca. Several
superior materials were identified on the basis 'of their multisite performance and will be added to appropriate back-up
pools in 1978. Other selected accessions will be further
improved in 1978 in the breeding nursery before being
incorporated into the pools.
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Improvement of pools
All highland, temperate and tropical pools were improved
during 1977 by the method of half-sib selection as modified by
CIMMYT. The 400 to 800 families comprising each pool were
planted in a pattern of two female rows alternating with one
male row. Male rows were planted with a composite of seed
giving equal representation to superior families in each pool.
Female rows were completely detasseled. Tall, diseased or
otherwise undesirable plants in the male rows were also
detasseled before shedding pollen. This.avoided pollination of
female rows from inferior males. In early maturity pools when
70% of the plants in the pool had silked, all male plants were
detasseled. This prevented the late male plants from giving
pollen, and the late female plants from receiving pollen, thus
eliminating both from the pool. This procedure appears to be
effective in reducing the maturity period. Each pool was grown
at least at two sites. At harvest, best ears from the superior
plants from superior families at each site were selected to
reconstitute the pool.

Improving pest resistance in the pools:
Five tropical pools were artificially infested with the larvae of
the fall army worm (Spodoptera frugiperda) in order to raise
the level of resistance to this pest. One-half (8 plants) of each
half-sib family was infested and the other half protected by
insecticide.
This permitted the evaluation of the family for insect
resistance as well as other agronomic characteristics
simultaneously. Best plants in superior families were handpollinated and resulting seed entered the pool the next season.
Artificial inoculation for ear rots was carried out in three
tropical pools. Several plants within each family were selfed
and then inoculated. Clean ears from inoculated plants formed
a significant part of the pool the next season.
While gene pools were being improved for these specific
characteristics, care was taken that their genetic diversity was
not reduced.
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In 19n two new populations were promoted to the Advanced
Unit. These are Templado Amarillo O2 (IPTT41) and Amarillo
del Bajro (IPTT45). These are meant to serve1he temperate and
sub-tropical maize areas of the world which need early
maturity in yellow kernel types. CIMMYT now has 24 advanced
populations for temperate and tropical lowlands. An additional
six populations are being developed for the Andean Highlands.
Each advanced population is handled in a two-year cycle
- one year of improvement and regeneration in Mexico
following a full sib system and a second year of multi locational
testing (at six sites) throughout the world, The top 100 families
are identified on the basis of across site performance in yield,
maturity plant height and other agronomic characters and
remnant seed of these superior families is used to start the next
selection cycle of each population.
Populations that have given top performing experimental
varieties and elite varieties are Eto x Illinois, Amarillo
Subtropical, Blanco Subtropical, Mazcla Tropical Blanco, and
Tuxpeno Caribe. Analysis of data indicate that sel ctio for
wide adaptation. which is essential for superior performance.
has been quite effective.

'Families are
evaluated for insect
re!istance and other
~:;;..._~... agronomic character,'StiCS, simuftaneously_
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The plant protection staff (pathology and entomology) work as
part of the interdisciplinary maize team. They assist the
process of developing disease and insect resistance by
evaluating and selecting in raw germ plasm, the back-up pools,
and advanced populations in Mexico. They rear insects and
produce disease inoculum. They engage in collaborative
tesearch with national programs and help to identify pests and
pathogens in many countries.

A new insect
infestation technique provides
more uniform
infestacions and
speeds LIp Insect
resIstance
studie
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Improvement for insect and disease resistance
To determine how families of maize from populations react to
insects and pathogens, the plant protection scientists subject
these families to timely artificial uniform infestations and/or
inocu lations.
For disease resistance advanced populations are
inoculated with stalk and ear rotting organisms. At harvest the
pathotogist scores each family for disease damage, and
progenies with the least damage are retained for succeeding
generations.
For insect resistance, the populations are artificially
infested with larvae of fall army worms and sugarcane borers.
These are the most widespread and important maize pests in
Mexico and the tropics of the Western Hemisphere. At
appropriate intervals after infestation, visual ratings for insect
damage are made for each family. Progenies showing the least
damage (most resistant) are retained and the most severely
damaged (most susceptible) discarded.
Under recurrent selection pressure with the uniform
artificial infestation and inoculation techniques which
CIMMYT has developed, the populations should gradually
increase in resistance to these important diseases and insects.

Insect-rearing laboratory
Large numbers of insect larvae are required to artificially infest
the families of the pools and populations. An insect rearing
laboratory has been established which has the capacity to
produce the insect larvae required to infest the progenies to be
evaluated. In the last 2 cycles of 1977 CIMMYT produced over
5,000,000 Spodoptera frugiperda larvae that were used for
infestation, and over 100,000 Diatraea saccharalis larvae.
Laboratory colonies of the corn earworm (Heliothis zea),
southwestern corn borer (Diatraea gradiosella), and
neotropical corn borer (D. lineo/ata) have also been
established. As rearing techniques for these species become
more efficient, maize materials will be evaluated and selected
for resistance to them.
•

Larvae replace egg masses
In 1977 a new insect infestation technique in the maize plots
made infestations more uniform and speeded up insect
resistance work.
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Previously the entomologists infested the maize plants
with egg masses on squares of wax paper which were pinned to
the maize leaves, and as the eggs hatched, the larvae began
feeding. With the new technique, egg masses are hatched in
the laboratory, larvae are mixed in an inert carrier (ground corn
cobs), and this mixt,ure is applied in maize plant whorls with a
portable field applicator (bazooka). The new technique shows
several advantages: (1) use of the larval mixture facilitates
handling both in the laboratory and the field, (2) field
application is 3 to 4 times faster (up to 1500 plants per manhour), (3) infestation is more uniform (the number of insects
per pi ant varies on Iy 15%), and (4) escaping plants are very few
(1 to 5 plants per 1000).

Collaborative research for resistance
to three major diseases
Starting in 1974 a collaborative breeding project was organized
between CIMMYT and six strong national maize programs,
which are jointly developing germ plasm resistant to three
damaging diseases of maize.
The diseases are downy mildew (Sclerospora spp.), a
fungus disease found in Asia from Indonesia to India but
spreading to other continents; maize streak virus,
disseminated by a leafhopper (Cicadulina spp.) found in
tropical Africa; and corn stunt disease disseminated by a
leafhopper (Dalbulus spp.) in tropical Latin America.
The participating national programs include two Asian
countries, Thailand and the Philippines; two African countries,
Tanzania and Zaire; and two Latin American countries,
Nicaragua and EI Salvador. Each country is situated in an area
where one of the diseases is severe.
In 1974 CIMMYT assembled in Mexico three broad-based
maize populations which could have general acceptance in the
tropics if they carried resistance to the three diseases. The
three base populations, plus 93 other heterogeneous materials
were crossed to Rources of resistance to the three diseases.
In 1975, 4000 experimental progenies selected from these
crosses were sent to the six participants, to be screened for
resistance to the diseases. All 1975 plantings in Africa were lost
due to drought, thus delaying the streak virus studies 1 year.
But families resistant to downy mildew in Asia and to stunt
disease in Latin America were identified by the collaborators
and self-pollinated.
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In the spring cycle 011976 those families identified for
resistance in Asia and Latin America were recombined in
Mexico, using selfed seed from resistant plants identified in the
diseased areas. After recombination, plants were selected and
seed was agai sent to the six collaborators for planting in the
autumn of 1976.
The same process for all 3 continents was repeated n 1977
and is proceeding again in 1978. Sub-populations have now
been assembled for resistance to each of the th ree diseases, n
each of the hree base populations. Over a period of years, the
genes for resistance to the three diseases should be
pyramided, and the level of resistance improved.

Planr protectIon
scientius subiect the
'amilie to systemIIr/e artifIcial inoe~
lations to sssess
population resction
to pathogens..
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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 human nutrition if all of it could
be utilized. But maize protein is low in lysine and tryptophan,
two essential amino acids. Because of inadequate lysine and
tryptophan the body can utilize only half the protein in normal
maize. Lysine is typically 2 percent of protein in normal maize,
whereas 4 percent would be needed to permit use of all the
protein.
Scientists at CIMMYT and elsewhere have been working
for a decade to improve the quality of maize protein.
Maize protein can be improved by introducing one or more
mutant genes affecting endosperm quality but the added
genes bring undesirable effects which have to be corrected in
order to make the high quality protein maize acceptable to
farmers.
One breeding approach is through opaque-2 mutant gene
(the name comes from the appearance of the kernel), but
opaque-2 maize has serious defects:
1) Reduced kernel weight,
2) Unacceptable kernel appearance,
3) Greater vulnerability to ear rots,
4) Slower drying of grain,
5) More weevil damage during storage.
Since 1969 CIMMYT breeders have been selecting
opaque-2 populations with modified hard endosperm, normal
in appearance, resistance to ear rots, and higher tolerance for
stored grain insects. This is a slow process.
Continued progress in 1977 was indicated by the
following:
(1) CIMMYT has now developed 34 gene pools and 5
advanced populations carrying the opaque-2 gene and is
growing these materials two cycles a year to select for hard
endosperm and other improved characteristics. Some
materials have reached F4 or F5 generation. Much progresshas
occurred during the past three years.
(2) We now have opaque-2 maize materials that are very
si milar in kernel appearance and yield performance to normal
materials. In 1977 eight experimental varieties carrying the
opaque-2 gene were tested at 38 locations worldwide. Among
the first six locations reporting results, the top opaque
26

experimental variety outyielded all checks at five locations.
The checks included commercial hybrids.
(3) Seven national maize programs are each developing
open-pollinated maize varieties with improved protein quality
suitable for their agro-climate (Ecuador, Ghana, Guatemala,
Nepal, Philippines, Tanzania, and Zaire). Twenty-five
governments requested additional seed for opaque-2 maizes in
1977 to prepare for on-farm trials.
(4) For Andean countries where farmers prefer floury
maizes (large soft kernels) CIMMYT has crossed the local
varieties with carriers of the opaque-2 and the progeny are
undergoing selection in the South American highlands in 1977
and 1978.
(5) A composite of two mutant genes, called opaque-2x
sugary-2 has been made at CIMMYT and is undergoing its
second recombination in 1978. Although no results can yet be
forecast. biochemical analysis indicates higher total protein
but no change in the amino acids lysine and tryptophan when
compared to the soft endosperm opaque-2 types.

CIMMYT is develop'
ing opaque-2 maize
materials that are
very similar in kernel

,~~~i;:~»i"~~ appearance and vield
performance to
normall'8rieries.
WIth high Qualiw
_ _ _ _ _-...,; _ _.............- . ; 0 protein as a bonus.
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Little maize has been planted commercially with high
quality protein. USA, Brazil, Colombia and Yugoslavia have
released opaque-2 hybrids which are grown mainly for animal
feeds. In the USA less than 200,000 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
carrying the opaque-2 gene shows yields and agronomic
performance equalling or surpassing the existing normal
varieties, and the protein quality is a bonus.

International Maize Testing
In the spring of 1977 CIMMYT shipped seed for maize trials to
55 countries. This was the largest number of collaborating
countries in CIMMYT's 12-gear history. Participating countries
increased from 38 in 1975 to 49 in 1976, to 55 in 1977. In 1978
there will be further expansion to 62 countries. The number of
participants is determined by national requests, and reflects
the growing awareness that experimental varieties developed
from CIMMYT populations are outyielding many commercial
varieties and hybrids now used by national programs.
The 1977 shipments included 71 progeny testing trials, 196
experimental variety trials, and 186 elite variety trials.
By December 15, 1977 (cutoff date for the preliminary
report) results from 104 of the 1977 trials had been received in
Mexico. A preliminary report was issued from a photo copy of
the computer printout without need fortyping the data tables.
This report was distributed to all collaborators within the
calendar year when the trials were grown. Such rapid reporting
permits the 1977 prellminary report to guide the 1978 plans
both for the worldwide collaborators and for CIMMYT.
In May 1978 a supplemental report will be issued on the
1977 trials, incorporating all data received to that date. Data
received after May 1978 will be distributed as addenda. Delays
in reporting worldwide trials are caused mostly by the range of
planting dates for different latitudes.
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International progeny testing trials
For the fourth year, progeny trials were distributed to
collaborators in 1977, this time to 71 locations in 23 countries.
Each collaborator received 250 progenies from an advanced
population, which he tested against the best local varieties
(checks), and was asked to choose the 10 best progenies.
Selection criteria included higher yield, shorter plant height,
fewer days to flowering, resistance to diseases, and resistance
to lodging.
The 10 best progenies from each site are then intercrossed
in all possible combinations by CIMMYT in Mexico during the
winter of 1977-78, to create an experimental variety which
carries the name of the site where the progenies were tested.
The experimental varieties will be tested by many more
collaborators in 1978.
Half the collaborators reporting by December 1977 found
the 10 best progenies at their location outyielded the best
checks by more than 10%, a few by more than 50%. Some of the
best progeny also had shorter plant height, fewer days to
flowering and superiority in disease resistance and lodging
resistance.
So far, CIMMYT has developed 110 experimental varieties
based on data from the 1976 progeny trials, and 55
experimental varieties based on the 1977 progeny trials.
Additional experimental varieties will be developed when data
is received from the remaining locations of 1977 progeny trials.

Experimental variety trials
In 1976, 140 locations submitted data on experimental variety
trials. Of these, 75 locations reported yield increases from 10%
to 153% over the local check varieties and hybrids.
In 1977 seed for experimental variety trials was distributed
to 196 locations in 53 countries. Each collaborator was asked
to grow the trial with superior local varieties or hybrids as
checks, and to report the results to Mexico. Data from 31
locations were received in time for the preliminary report. In 27
of the 31 trials reported, the best experimental variety
outyielded the best check; at 70% of the locations the yield
superiority was 11-39%.
From these experimental varieties, about 30 elite varieties
will be selected for seed increase and testing by a wider
number of collaborators in 1978.
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Elite variety trials
In 1976 data were received from 125 locations in the elite
variety trials. The reports indicated that at 59 locations the top
elite variety outyielded the best check variety or hybrid by a
margin of 10 to 79%.
The year 1977 was the second year in which CIMMYT
distributed elite varieties for trial.
One of the 1977 trials (No. 18) consisted of 14elite varieties
suitable for the lowland humid tropics, and containing
"normal" protein. These were tested in 44 countries of Central
America and the Caribbean, the Andean region of South
America and Brazil, in 18 countries of Africa south of the
Sahara, and the region of South and Southeast Asia. Each
collaborator tested the 14 elites against the best local varieties
and hybrids.
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The first reports received indicated that the best elite
outproduced the best checks in 10 of 11 locations, by a yield
margin of 10-42%.
Elite trial No. 20 contained eight elite varieties considered
suitable for the subtropics or temperate zone. These were
tested in 28 countries at 48 locations. The participating
countries included many in the uplands of the Andes, East
Africa, the Mediterranean and Mideast, parts of South and
Southeast Asia, and the higher latitudes of the southern
hemisphere. Since these testing sites have longer growing
seasons, and only four collaborators had reported by
December 15,1977. interpretation of the trial was deferred until
the supplemental report.
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Requests for seed Increase
Forty governments asked CIMMYT for supplemental seed in
1977, with intention to increase the seed fordemonstrationson
farmers' fields. Such a step often precedes release of a new
variety. CIMMYT has never before experienced such
widespread response in one year of maize testing. Seventeen
governments requested supplemental seed in 1976, which was
the largest nu mber up to that time. It appears that two-thirds of
all countries collaborating in the maize trials are considering
the release of new varieties derived from the international
trials. The seed requests came from many continents
indicating wide adaptation of the new varieties. Seed requests
in 1977 came from:
Central America and the Caribbean, 9 countries
South America, 7 countries
Mediterranean and Mideast, 5 countries
Africa, south of the Sahara, 8 countries
South and East Asia, 8 countries
Oceania and North America, 3 countries.

1978 international tri I
The distribution list for maize trials In 1978 will cover 599
locations in 62 countries, another expansion. This Includes 72
progeny trials, 321 experimental variety trials, and 206 elite
variety trials.
The maize popUlations in Mexico have now been divided
into two groups, and only one group of populations will be
planted to produce progeny each year. This schedule permits
one full year to retrieve the trial data both north and south of the
equator.

In 1978, seed are
bemg prepared for

distribution in
maize rrlals that
will cover 599
locations in 69
countries, another
expans01~

32

~

~~~

Special Research Projects in Mexico
When CIMMYT investigates new techniques and ideas for
improving specific characteristics of the maize plant, it
sometimes creates a Special Project, and the researcher
confines his study to one or a few populations. Any general
conclusions from a Special Project can later be applied to all
parts of the program.
Four special studies are now under way, dealing with yield
efficiency in tropical maize, shorter maturity, wider adaptation,
and drought tolerance.

Yield efficiency in tropical germ plasm
Tropical maize produces too much foliage and not enough
grain when compared to maize in the temperate latitudes. A
Special Project is looking for more efficient tropical plants with
higher harvest index. This means a higher percentage of grain
weight in the total dry matter of the plant. Several approaches
are being tried.
First, researchers have taken seed of the population
TuxpeIi0-1, divided it into three parts, and are selecting
separately for three specific traits: shorter plant height,
reduced tassel size, and reduced foliage. By summer of 1978
five cycles of selection will be completed and an evaluation is
planned for possible changes in grain yield efficiency under
each trait.
Two other populations - unrelated to Tuxpeno-1 - are
being SUbjected to additional studies. In Eto Blanco,
researchers are selecting simultaneously for reduced tassel
size and reduced foliage; in Antigua into Republica
Dominicana, they are selecting separately for reduced tassel
size and reduced foliage. This part of the study will continue for
additional cycles of selection before evaluation.
In a third approach, researchers are making crosses
between temperate maize varieties with good harvest index,
and tropical populations with good survival ability in the
tropics. The objective is to co....mbine the two characteristics in a
tropical maize. The strategy will require systematic
recombination over many generations, and simultaneous
selection both for tropical survival ability and temperate plant
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architecture. CI MMYT has a large number of crosses in various
stages of mixing and mild selection. More years of mixing will
be required before evaluation.

Shorter maturity in tropical maize
Many tropical maize growing countries seek good yielding
varieties which ripen earlier to fit a brief rainy season or a tight
cropping sequence.
A Special Project is employing several approaches to
develop earlier maturity with good yield. In one, short maturity
tropical varieties are assembled from lowland tropical areas all
over the world and composited. The present pool contains 33
collections from Indonesia, one from Colombia (Guajira 314),
two from Honduras (Mata Hambre), one from EI Salvador, and
six from Pakistan (Bannu early group). These are being
crossed in various combinations, and tested at two locations
before deciding which of the combinations will be included in
the early maturity population. Initially no attention is paid to
color or texture of grain.
Another population being worked under this approach is
an Indonesian-Colombian-Honduran mixture, in which the
three parent materials had maturities of 72-85 days In their
home counties, and the 3-way mixture now matures with good
plant type in less than 90 days at Poza Rica, Mexico (lowland
humid tropics). This selection continues.
Another approach is the crossing of the best tropical
"earlies" with the best temperate "earlies." The first tests by this
approach in the summer season at Poza Rica gave maize lines
which were harvested in 80 days after planting.
Another approach involves recurrent sel~ction for early
maturity in an outstanding tropical population.
Progress to date suggests it should be possible to develop
earlier maturing tropical germ plasm giving better grain yield
then early varieties now give.

Wider adaptation
In 1978 CIMMYT makes its 11th cycle of crosses in a maize
population drawn from many climates (for example, northern
Canada, equatorial Brazil, and the southern tip of Argentina).
Initially the cold climate materials would not set seed in the
lowland tropics, and vice-versa, because of sensitivity to
differing day lengths, temperatures, and diseases. Today the
mixture sets seed in all maize growing climates. In thewinterof
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1976-77 selections from this mixture grown in Canada,
Colombia, Hungary and South Africa were recombined in
Mexico and were tested in 1977-78 in Germany, U.S.A. and at4
sites in Mexico. This natural selection for wide adaptation
continues.
CIMMYT believes the special project in wide adaptation
serves several ends: first, one widely adapted population can
be used as a parent for transmitting wide adaptation to other
populations; second, maize with adaptability gives greater
yield stability under climates with fluctuating temperatures;
third, wide adaptation in a parent serves as a vehicle for
transmitting a variety of genes, almostanywhereintheworld.

~~~~\, Selections made

In

dozens of countries
are mulriplied in
Mexico and redistributed.
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Drought tolerance
Periodic drought is a major cause of yield loss in tropical
maize.
In 1976 researchers on a Special Project for drought
tolerance indentified some families within the population
Tuxpeiio-1 which appeared better than others in drought
response.
To verify this, a number of experimental varieties w re
created from families which yielded best under different
moisture conditions, such as no stress (fUll irrigation),
moderate stress (irrigation withheld from emergence until 10
days before flowering), and severe stress (no irrigation after
emergence).
These en tries were grown ina repl icated trial at Tlalti zapan
station in the 1976-77 winter season. The trial demonstrated
that it may be possible to identify criteria of selection for
varieties which perform better, in relation to other varieties,
under stress conditions.
Selection for drought tolerance continues in one lowland
population (Tuxpeno-1) and one site in Mexico (Tlaltizapan).
This research will determine whether several cycles of
selection can accumulate or pyramid genes for drought
tolerance, thus developing a maize variety that is better in this
trait than the base material from which it was derived.

In drought.
resistance
studies, water
tensioll of plant
is measured to
determine stress.
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Crosses Between Genera (Wide Crosses)
The maize crop possesses great variability and potential for
improvement. However there are certain specific
characteristics that would be desirable to maize, that are not
found in the crop at present, and are found in related genera.
CIMMYT's wide cross program hopes to break down the
breeding barriers that exist between alien genera, and to make
available these characteristics to maize. Tripsacum and
Sorghum have been chosen for these crosses. Tripsacum is a
wild relative of maize which has shown a wide range of
resistance to diseases and insects which are a problem to
maize, and Sorghum is able to yield better in drought and
..
waterlbgged conditions than is maize.
Over 10,000 crosses were made between· maize and
tripsacum in 1977, and ten new hybrids were identified. Six of
these were classical hybrids that retain the expected
complement of chromosomes from each parent. These six
resemble tripsacum in appearance, and like the tripsacum
parent they take two years or more to flower. Thus the hybrids
produced in 1977 are still in vegetative growth. Of the seven
hybrids obtained in 1976 only one has flowered so far. It has
produced no viable pollen for backcrossing with maize or
tripsacum. This hybrid does exhibit at least partial female
fertility and efforts will continue to obtain backcross progeny
(BC1), the first step to incorporate desirable characteristics of
the alien germ plasm into maize.
Four hybrids identified in 1977 were not of the classical
type. Erratic chromosome elimination occurred so that
different cells of the same plant contained various numbers of
tripsacum chromosomes, less than the expected number.
These plants were more maize-like in appearance and, like
maize, flowered within three months of germination. These
were pollinated with maize and already BC1 seed has been
obtained. In such hybrids (if they are fertile) the incorporation
of desirable characteristics can be made more rapidly and
these can be tested for useful characteristics far earlier than
the classical type.
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These hybrids have one disadvantage over the classical
type. They are annual with one flowering tiller only, and if they
are sterile the genotype is lost within a few months. The
classical hybrid is perennial, and produces many tillers for
experi mentation.
Over 17,000 crosses were made between maize and
sorghum in 1977 and four new hybrids were identified. All
these are more maize-like in appearance, and erratic
chromosome elimination has occurred in all of them, giving
aneuploid progeny as in some of the maize-tripsacum crosses.
A total of eleven maize-sorghum hybrids have been produced
at CIMMYT during 1976 and 1977. None has given viable
pollen. but two have been partially female fertile, and these
have given 33 backcross progeny with maize pollen, from
which subsequent crosses have given an array of different
plant types. These are being crossed further and assessed for
desirable characteristics.
CIMMYT needs a much greater number of hybrids with
wider genetic diversity to use in plant improvement. For this
pu rpose the scientists in Mexico are seeking collaboration with
other institutions who specialize in related areas of research,
so that progress may be speeded.

Ten new h~'brld$
were identified
in 1977 from
among the more

than /0,000
crosses made be1wet'n maize and
rripsacum
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alze Trainln
CIMMYT otters several kinds o,f training and experience to
maize scientists from Asia, Africa, and Latin America:
-In-service training: generally 5 to 6 months residence
in Mexico,
-Master's degree program in cooperation with
universities in Mexico or USA.
-Predocto ral fellows: 12 to 1B month In Mexico to do
their thesis research under CIMMYT supervision,
-Postdoctoral fellows: 2-years service as an associate
on CIMMYT staft.
-Visiting scientists or short-term residents.

In-service training
The maize in-service training program is only 7 years old but
already 345 participants from 47 countries have passed
through the course, including 60 in 1977. About one fourth
specialize in crop improvement, and the rest in production
agronomy.
In-service training is des.igned to develop skills in field
research, production management, and laboratory

Training courses

in

Mexico stress
learning-by-doing;
and the discipline of
working long hours
I,JnderhlNJt, humidity.
and torreneial rains,
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techniques, to give experience on an interdisciplinary team,
and to teach the relationship between improved technology
and development. The typical participant has had 5 to 10 years
experience in a government agency. The courses in Mexico
stress learning by doing, and the discipline of working long
hours under heat, humidity, and torrential rains.
One feature of production training is the layout of
agronomic trials on private farmers' lands, and organizing field
days for farmers. This work is performed by trainees under
supervision of the CIMMYT training officers and the Mexican
extension service. The on-farm research helps identify the
limiting factors in yield, and permits farmers to select their own
technology.

Training in national programs
Starting in 1974 CIMMYT offered in-service training for officers
from national programs who were preparing to give short
courses for production agronomists in their own country. Nine
trainers have now been trained (Ecuador-3, EI Salvador-3,
Philippines-1, Pakistan-2).
CIMMYT training staff members in Mexico are
occasionally lent to national programs outside Mexico where
they assist with local courses. During 1977 the maize trainers in
Mexico participated in short courses for production
agronomists in EI Salvador, Nicaragua, Ecuador, and Nepal.

Academic training
During 1977 the maize program cooperated in the training of
three master's degree candidates in Mexico, two predoctoral
fellows, and 11 postdoctoral fellows at CIMMYT in Mexico.
At the beginning of 1978 the predoctoral and postdoctoral
fellows came from 6 countries: EI Salvador-1, Germany Fed.
Rep.-1, Iceland-1, New Zealand-1, UK-2, USA-1.

Visiting scientists
During 1977 the maize program received 25 visiting scientists
and 64 short-term visitors. Visiting scientists are senior crop
researchers or experiment station managers who spend a week
to a year at CIMMYT to become familiar with world germ plasm
and CIMMYT research methods and philosophy, which may be
useful in their own national programs. Short-term visitors are
often agricultural policy makers and administrators who spend
2 to 7 days at CIMMYT.
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maize in-service
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had 345 participants
from 47 countries
since it began seven
vears ago, includmg
60 in 1977.
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Prior to 1974 CIMMYT attempted to monitor the
international maize trials of these regions by travel of CIMMYT
staff from Mexico. But the volume of consultation made it
impossible to provide adequate service.
CIMMYT staff for regional programs are attached to other
international centers or to strong national programs.

Regional maize programs link CIMMYT
with col/abora tors.
Willy Villena (left)
works with the
Central American

and Caribbean
Region.
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National programs
A national maize program typically serves the following
purposes: (1) to improve maize research in local experiment
stations; (2) to test experimental varieties on local farmers'
fields, thus helping to transfer technology from experiment
station to the farmer; (3) to multiply seed for improved
varieties; and (4) to provide additional training for local
scientists. CIMMYT's assigned staff share in these actiVities,
including the testing of germ plasm received from national
programs and from Mexico, and the feedback of information
on the suitability of these materials to the whole network of
maize scientists.
The following national programs participated in
cooperative arrangements with CIMMYT in 1977:
Populatlon

Country
Pakistan
Egypl
zaire
Nepal
Tanzania
Guatemala

1978
(mUllonl)

St.rt of
CIMMYT

CIMMYT
."lgned

Approximate
mllize crop

ammgemenl

slafl19n

(lon8)

76.7
39.9
26.9
13.5
16.4
6.6
• CIMMYT requires 'axtra core

Ernie Sprague
(left) heads a
staff that
travelled to 45

cOlJntries in 1971
to observe
trials, visir
former tramees,
and help with
productIon problems in regional
and national
programs.
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Donor'

1968
1
700,000
USAID/Ford
1968
1
2,500,000
Ford
1972
2
500,000
ZaJre
1972
1
800.000
USAID
1973
2
80Q,OOO
USAID
1976
2
600.000
USAID
funds' for support of each national arrangement.

Regional program: Central America and Caribbean
The fourteen countries comprising this regional maize
program have a population of 33 millions, increasing at 3
percent a year. This is a food deficit area: local grain
production is 3.7 million tons a year, supplemented by imports
averaging 1.5 million tons.
Most people in the region are maize eaters. Maize
represents 60% of local grain production, and probably
contributes 60% of calories and protein in the diet.
Starting in 1974 CIMMYT assigned two maize scientists to
work in this region. They spend more than a third of their time
consulting with maize scientists in participating countries, and
meeting with agricultural policy makers. In their remaining
time, they provide research and training services from Mexico
specifically adapted to this region.
The breeder on this team helps plan the annual research
programs of the governments. recommends what
experimental nurseries should be shipped from Mexico,
advises local policy makers on the requirements for research
budget, staff, and inputs; and helps organize workshops
among maize scientists of the region.
The CIMMYT regional agronomist promotes on-farm trials
for experimental maize varieti~s and conducts training courses
for extension agronomists.
Training in Mexico of young scientists from this region has
continued: 16 participants in 1975,21 in 1976, and 12 in 1977.
Upon returning home, these young men join the collaborators
who conduct research on new varieties, and organize trials on
farmers' fields.
The year 1977 was the most active year so far for this
regional program. The CIMMYT breeder and agronomist spent
seven months in consultations to national programs.
Participating countries planted 114 nursery trials in their
research stations, and more than 500 on-farm trials. Four
workshops were held in the region during 1977. Short courses
were held for 120 production workers in three countries
(Dominican Republic, Panama. and Nicaragua). An economist
from CIMMYT-Mexico began working with local production
workers in Honduras on farmer surveys to determine what
constraints are affecting maize production. These surveys will
extend to other countries in 1978.
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When the regional activities began in 1974. average maize
yields in countries of the region ranged from 0.7 to 1.7tons per
hectare, mostly below 1 ton. Success of the program will be
judged by the increase in yields over a period of years.

Regional program: South and Southeast Asia
Fifteen countries of South and Southeast Asia have a
population of about 1200 million people in 1978. increasing at
more than 2.5 percent a year. They have a food deficit: local
grain production is about 225 million tons a year,
supplemented by imports of about 16 million tons. Maize is the
third ranking cereal in this region. after rice and wheat, but
under population pressure maize has been expanding faster
than the other crops. In 1977 maize produced about 17 million
tons of grain, with average yields in different countries of less
than one ton/hectare, ranging from 0.8 to 2.2 tons, thus
suggesting the feasibility of further improvement.
Four countries in the region each produce more than 2.5
million tons of maize a year (India, Indonesia. Philippines,
Thailand).

Regional
agronomist Roberto
Soza (Ief() plant
Ing a trial m fJ
farmer's field in
Panama.
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In 1976 CIMMYT assigned a maize breeder-agronomist to
this region to help in stimulating the exchange of technology
between governments, with efforts concentrated on: (1)
regional maize trials, (2) promoting the trials of new varieties in
farmers' fields, (3) organizing workshops among maize
workers of the region, (4) arranging training for maize workers
either within their own country or elsewhere, and (5)
consulting with participating governments on problems
constraining the maize crop.
A new regional nursery trial for maize resistant to downy
mildew, a fungus disease, is being circulated by Thailand and
the Philippines, with assistance from CIMMYT's regional
scientist.
The national maize coordinator of India is assisting in
circulating other nurseries, for which seed is multiplied at
ICRISAT (International Center for Research in the Semi-Arid
Tropics).

Regional program: Andean countries
Five Andean countries - Bolivia, Colombia, Ecuador, Peru,
and Venezuela - each had an overall food deficit during the
first half of the 1970's. The region prod4ces approximately 6
million tons of grain annually and imports 3 million tons. Maize
and rice are the largest local grain crops, and wheat is the
largest import.
In 1978 the popUlation of this region will pass 69 million,
increasing at 2.9 percent a year.
CIMMYT maintains three maize scientists in the region,
headquartered in Colombia and Ecuador, to assist in the
exchange of technology between countries. Program activities
include: (1) workshops for maize scientists of the region; (2)
maize nurseries exchanged within the region, containing the
best varieties of the participating countries; (3) a breeding
program for "floury maize" (large soft kernels, preferred in the
highlands), assisted by a CIMMYT breeder posted at Quito,
Ecuador; (4) trials of experimental maize on farmers' fields,
encouraged in each country; (5) more training for local maize
scientists, either in local courses or in Mexico (38 maize
scientists from this region received one season of maize
training at CIMMYT-Mexico during 1970-77); and (6)
consulting by CIMMYT scientists on scientific problems which
restrict maize production.
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The breeding program for highland maize has organized
five gene pools (3 floury-type, and 2 flint-type) which are now
undergoing improvement at Quito, Ecuador.
Average maize yields in the Andean countries have been
1.0 to 1.7 tons per hectare. The successoftheAndean program
will be measured over years by the increase in these relatively
low yields.

Suketoshi Taba is
one of three CIMMYT
scientists working in the Andean
region, assisting
in the exchange of
technology between
countries.
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Pakistan National Maize Program
Maize is the No.3 food crop of Pakistan, after wheat and rice,
and helps to feed a Pakistan population of 76.7 million (1978)
increasing 2.9 percent a year.
Since 1968 CIMMYT has continously posted one or two
maize scientists to collaborate with Pakistani maize research
and training. In 1977 one CIMMYT agronomist was attached to
the Pakistan Agricultural Research Council at Islamabad. Over
90 percent of Pakistani maize is produced in two provinces, the
Punjab and Northwest Frontier.
In 1977 the Agricultural Research Council program with
the provinces included the following: (1) testing national maize
nurseries and international trials from CIMMYT and FAa; (2)
organizing workshops for provincial maize workers; (3)
conducting two training courses within Pakistan, and sending
three maize workers fortraining in Mexico; (4) working with the
World Bank agricultural mission to Azad Kashmir Province;
and (5) working with the Australian Government in the
improvement of the Pirsabak maize-sorghum research station.
The average yield of maize in Pakistan has risen 20 percent
in the past decade, but population has increased 30 percent in
the same period.

Fifteen countries in
South and Southeast
Asia are included in
the regional maize
program assisted bV
Takumi Izuno (left).
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Egypt National Maize Program
Egypt now imports a million tons of maize a year and 3 to 4
million tons of wheat a year, and the deficit is rising. Population
has passed 39 million, and grows at 2.3 percent a year.
Maize, wheat, and rice are the three largest grain crops of
Egypt, in the order of area sown.
CIMMYT has maintained one maize scientist to
collaborate with the Egyptian program since 1968. The present
breeder-agronomist in Cairo shared with Egyptian scientists
during 1977 the following activities: (1) growing of
international maize trials from CIMMYT and FAO; (2)
organizing trials of experimental varieties of maize on farmers'
fields, in order to speed the adoption of new technology; (3)
agronomy trials to develop better production practices; (4)
arranging training courses for maize workers outside Egypt
(sixteen Egyptian scientists received training in Mexico during
1971-76, including two each year in 1976 and 1977). Egyptian
economists continued their surveys of the constraints
experienced by maize farmers.
Despite these well managed efforts, the increase in maize
yields over the last decade has not kept pace with population
growth of 25% in the same period:

Zaire National Maize Program
Zaire's 27 million people are primarily maize and cassava
eaters but also consume some wheat and rice. As a food-deficit
country, Zaire has been importing most of its wheat and rice,
and 160,000 tons of maize a year.
Since 1972 Zaire has utilized its own funds to finance a
scientific team from CIMMYT to help develop ~ national maize
research and production program. The annual maize crop of
400,000 to 600,000 tons represents two thirds of the national
grain production, and the low average maize yield (about 700
kg/hal offers substantial opportunity for improvement.
By 1978 five elite maize varieties, open pollinated, had
been selected and the seed multiplied for farmer use.
Twenty young Zairian university graduates have been sent
to CIMMYT for one cropping season of training and seven
Zairians were sent for higher degrees at agricultural
universities in the USA. By the end of 1978 three more
candidates will be sent for university degrees and four more
will participate in CfMMYT training.
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From all this training, a nucleus staff for the Zaire National
Maize Program has been organized.
Zaire participates in international maize nursery trials
shipped from Mexico. Kenya and Nigeria. The best of the
experimental varieties have been widely tested on farmers'
fields. Three elite varieties have now been multiplied for
general use in Zaire.

:n1U1II

Since 1972,Zairehas
funded a scientific
team from CIMMYT
to help develop a
national maize
research and production program.
Tom Hart (left) is a
key member of this
team.
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Nepal National Maize Programs
Nepal is one Asian national program which has been feeding
itself. But food production per capita has gradually declined
during the 1970's because grain production plateaued (about
3.8 million tons a year) whereas population has been rising 2.3
percent a year, and exceeds 13 million in 1978.
CIMMYT first posted a maize scientist to Nepal in 1972.
In 1976 Nepal invited several international organizations to
assign staff to collaborate with local agricultural services,
including IRRI for rice (local crop 2,500,000 tons), CIMMYT for
maize and wheat (maize 800,000 tons, wheat 300,000 tons) and
the International Agricultural Development Service (to assist
cropping systems and agricultural planning). In mid-1977
lADS took over the leadership of all the foreign assistance for
crop improvement.
Twelve Nepali maize scientists have received training in
Mexico during 1971-77, and they now constitute the nucleus of
Nepali collaborators who grow international maize nurseries,
breed local varieties, and place trials on farmers' fields.

Tanzania National Maize Program
Like most countries in tropical Africa, Tanzania eats more
maize than other cereals. It is a food deficit country, partly
because a semi-arid climate has caused local grain production
to fluctuate from 1.3 to 2.7 million tons a year during the 1970's.
With a population of 16.4 million (1978) growing 2.7 percent a
year, the government found it necessary to import 250,000 tons
of maize per year in 1974 and 1975.
CIM MYT's work in Tanzania is part of a joint liTA-CIMMYT
effort, in which IITA is responsible for overall crop
improvement.
CIMMYT has stationed two maize scientists in Tanzania
since 1973 to assist the national maize program. Thirty-three
young Tanzanian scientists have been sent to Mexico for one
season of maize training during 1973-76, 12 of them in 1977.
Four Tanzanians have been sent to U.S. universities for
agricultural degrees.
The Tanzanian maize breeding program, centered at
Iionga Station 200 kilometers west of Dar-Es-Salaam has
identified experimental maize varieties which out-perform the
varieties previously in commercial use.
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Two donors, World Bank and USAID, have pooled US $30
million to support a 7-year maize production program
concentrating on ujamaa-type villages (cooperative
production units.)
A training program for maize extension workers has been
organized at Mbeya research station, using the CIMMYT onfarm trial system as the means of communicating with farmers.
Thus new maize technology can be given immediate use in the
national production scheme.

Guatemala National Maize Program
CIMMYT assigned two maize scientists to collaborate with the
Guatemalan national maize program starting in 1976. This
program seeks to expand and stabilize the national maize crop
which has fluctuated between 600,000 and 800,000 tons a year
during the 1970's.
Guatemala participates in the international maize testing
program. Trials indicate that some experimental varieties are
well adapted to the Guatemalan lowlands where the larger part
of the Guatemalan crop is grown; but improved maize
materials adapted to the Guatemalan highlands (above 1500
meters) are yet to be developed.
An effort toward nutritional improvement through the use
of opaque-2 and modified germ/endosperm ratio is being
conducted in association with the Institute of Nutrition for
Central America and Panama (INCAP).
The Guatemala program forthe tropical lowlands includes
a novel approach, deriving both open-pollinated varieties and
hybrids from the same source materials. The breeders have
tested the combining ability of families from CIMMYT's
experimental maize varieties, and based upon the results, are
creating new synthetic varieties and F1 family hybrids. The new
varieties and hybrids will be available for extensive on-farm
testing in Guatemala at more than 50 locations in 1978 to
confirm their yield potential and environmental stability.
Materials which prove adapted in Guatemala will probably be
usable in neighboring countries of Central America.
For the:1 highlands, where a very ancient corn-oriented
culture exists, the major effort is to identify local varieties with
wide adaptation as a means of compensating for the strong
genetic-environment interaction that prevails in the many
scattered valleys of the region.
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w eat
amprovement

Dr. Bor/aug (left) and C/MMYT Trustee O. M. So/andt discuss priorities of the Wheat Program.
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High yield potential across different climates, semi-dwarf stature, broad disease resistance and daylight
insensitivity are primary characteristics sought by CIMMTY's wheat scientists.
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Introduction to the Wheat' Program
World wheat production forthe year ending mid-1977 was413
million metric tons, an all-time record (U.S. Department of
Agriculture, World Grain Situation, November 11, 1977).
In developing countries the wheat harvest of 1976 reached
95 million metric tons, also a record (FAO Production
Yearbook 1976).
Despite these achievements, developing countries
continue to import about 35 million tons of wheat flour each
year (FA 0 Trade Yearbook 1976).
Imports indicate a deficit of about one quarter in the wheat
requirements of developing countries. This deficit serves as a
reminder to the wheat scientist that greater changes are
needed in the farmers' wheat fields, because that is where the
food gap of developing countries must be solved.

Stable resistance comes first
Stable resistance to the three rusts remains the first objective
of the wheat scientist. Northwest Mexico experienced an
outbreak of leaf rust in 1977, most severe for that area in one
thi rd of a century. The outbreak was encouraged by events that
allowed much land to remain uncultivated in the summer of
1976, providing a bridge of volunteer wheat plants to serve as
hosts for rust spores which are usually destroyed by summer
cultivation.
Rust has been a threat to the wheat crop for thousands of
years - like the common cold in human beings - long
researched, but still with us. Constant mutation of the rust
pathogens provide new threats to wheat varieties, including
the varieties previously considered resistant to the three rusts.
Stable rust resistance in the long term is unlikely to be achieved
in pure-line varieties and the breeder must continue to give first
attention to the development of new varieties which combine
different sources of resistance to the three rusts, and thus
provide replacements for today's commercial varieties when
they are found susceptible.
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The multiline offers one option for slowing down a rust
epidemic - probably the best way to introduce a measure of
stability for resistance. CIMMYT's work on the multiline is
described elsewhere in this report.

Ing

y Id ce ling

Semi-dwarf wheats distributed from Mexico in the 1960's
raised the yield potential for wheat from 3.5 tlha to the 7.0-8.0
ton range. Since that time the yield potential has gradually
increased to the range 8.0-9.0 tons. But in general, a "yield
plateau" has existed for a decade.
This "yield ceiling" is a problem of secondary importance
compared to the three rusts, but our scientists are
simultaneously searching for new ways to penetrate the yield
barrier. Crossing winter and spring wheats offers one
possibility described later in these pages. Other staff are
studying upright leaves on wheat, or branched heads, or longer
heads with more spikelets and more grains in each spi kelet.
This work is also descri bed later. No conclusions are yet
possible, but work on the "yield ceiling" will continue.
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Delivery systems
Our wheat staff continues to use many delivery systems for
moving new technology to developing countries.
In 1977 our international nurseries for experimental bread
wheat, durum wheat, barley and triticale were grown in 96
countries. This puts new germ plasm on display, and generates
testing data which guide the worldwide wheat network in
further breeding.
Forty-one young scientists from developing countries
were brought to Mexico in 1977 to work one cropping season
with CIMMYT scientists. These men and women are now back
in their home countries, where they become part of the network
of wheat scientists.
CIMMYT's Mexico wheat staff travelled to 66 countries in
1977 to see the international trials, to talk with farmers, to
consult with government policy makers. CIMMYT believes that
first-hand knowledge of developing countries is necessary to
guide each cycle of research.
In 1977 CIMMYT posted nine wheat scientists to work in
regional and national programs outside Mexico. The regions
are the Mediterranean and Mideast, headquartered in Egypt
and Turkey; highland East Africa, based in Kenya; and the
Andean countries, based in Ecuador. The four national
programs served by posted staff were Algeria, Tunisia,
Pakistan, and Nepal.
These activities are discussed in the follOWing pages.
N. E. Borlaug

58

Bread Wheat
In the 1970's the bread wheat program in Mexico has expanded
to cover additional problems. including Septoria resistance,
Helminthosporium resistance, and tolerance to acid soils. But
the central objective continues to be the development of germ
plasm with high yield potential and wide adaptation.

About 1S00
advanced lines were
reSted in Northwest
Mexico during 1977.
Of these, roughly
one-in-five pldnrs
~s selected for
subli8quent testing
in the 11 th International Bread
Wheat Screening
Nursery at 188
locations around
the world.
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The breeders believe that wide adaptation can best be obtained
by a combination of the following four characteristi s:
1. High yield potential across different climates.
2. semi dwarf character.
3. Broad disease resistance.
4. Day length insensitivity.
Several approaches are used:
First, wheat research in Mexico is conducted two cycles a
year, one a winter crop at sea level and 2JO N latitude; the other
a summer crop at 2600 m elevation and 19° N latitude. The
winter eycle Is sown in an irrigated desert where leaf and stem
rust are endemic; the summer cycle is sown under heavy
rainfall and cool temperatures where severe epidemics of
stripe rust occur every year. The movement of successive
generations between these constrasting climates enables the
breeder to select daylength insensitive, widely adapted lines
with high levels of rust resistance.
To ensure heavier pressure from diseases, CIMMYT
supplements the natural presence of pathogens with artificial
inoculation.

Pollinations being
made in plots in
front of CIMMYT's
headquarters
building in Mexico.
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This program cuts in half the time needed to developa new
variety, and selection in alternate segregating generations
under contrasting environments leads to adapted types which
may be grown under widely differing conditions.
Finally, bread wheats which prove superior in the Mexico
trials are subjected to worldwide testing in over 90 countries,
across many environments. This testing process serves both to
di~tribute new germ plasm to the national programs and feeds
information to the world network of scientists about disease
resistance and wide adaptation, on which the next cycle of
improvement will be based.
After years of this research strategy, progress continues
but problems remain:
1) The pathogen which causes leaf rust continues to
mutate unpredictably and varieties resistant to leaf rust
continue to be short-lived in some areas. For stripe rust,
resistance has improved markedly in the 1970's.
2) Septoria leaf blotch, a fungus disease which causes
major epidemics in North Africa, the Mideast and South
America, awaits effective control. Starting in 1975, wheat lines
with good resistance to Septoria have been increasing in the
CIMMYT international nurseries.
3) Some 40-50 percent of the wheat crop in' developing
countries is now planted with high yielding varieties. But
traditional varieties with tall stems are still widely grown, and
the development of improved agronomic practices lags in most
countries.

Variety releases 1977
The Mexican Government released three new bread wheats
from the CIMMYT-INIA program in 1977. Two were given the
names Jauhara 77 and Hermosillo 77, both double dwarfs with
red grain, suitable for breadmaking. The third was Pima 77, a
single dwarf with white grain and soft biscuit-making quality.
All th ree had good resistan ce to the races of the th ree rusts
existing in Sonora, Mexico in 1977.
The 1977 releases illustrate the broad germ plasm sources
now used. For example, the parents entering into Jauhara 77
are Mexican and Argentine wheats; for Hermosillo 77,
Mexican, Argentine, and Ecuadorean; for Pima 77, Mexican
and Colombian. All crosses were made in Mexico.
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One of the releases, Pima 77, resulted from a chain of
international collaboration. The original cross was made by
CIMMYT-INIA in 1964. Subsequently an F2 bulk of seed was
sent to Chile. There the seed was grown and reselected by
breeders until the Fs generation. Seed then passed to Ecuador,
where it was tested in a trial for resistance to stripe rust, and
found outstanding. Ecuador shipped seed backto Mexico with
other advanced lines carrying stripe rust resistance. Here final
selection was made by CIMMYT at the Toluca station, 13 years
after the original cross, and the Mexican Government released
the variety.
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YIeld testing of dven

d lines

About 1500 advanced lines were yield-tested in northwest
Mexico during 1977. Of these, 347 were selected for thei r high
yield. rust resistance, and good agronomic characters and
included in the Eleventh International Bread Wheat Screening
Nursery. This nursery was sent to 188 locations around the
world in June 1977. Results are expected in June 1978. The
remainder of the 1500 lines are being tested by CIMMYT
personnel for possible use in regional nursery trials. This
avoids loss of potentially useful materials without
overburdening national programs.
Six of the advanced lines tested in 1977 out yielded all
checks by 700-1300 kg/ha. Checks included the previously
highest yielding varieties in northwest Mexico. headed by
Pavon 76.

f the advanced
lines tested in Mexico
in 1977, six outyielded all checks by
100- 1300 kg/ha;
with checks including the previously highest
yielding varieties in
Northwest Mexico.
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Disease resistance
In the 1970's CIMMYT has made continuing efforts in
cooperation with national programs, to achieve wide and
stable resistance to stripe rust, leaf rust, stem rust, and
Septoria.
Results of the Tenth International Bread Wheat Screening
Nursery show that this effort is paying off. In this trial at 180
locations in 83 countries,35 bread wheats were found to have a
high level of resistance to leaf rust based on reports from 22
locations, and 39 lines had strong resistance to stripe rust
based on reports from 12 locations. These lines are again being
used in the crossing block to produce a wide range of
combinations.
Unti I the 1970's most CIMMYT germ plasm had inadequate
resistance to Septoria tritiei especially for use in North Africa,
Turkey, Ethiopia, and Argentina. Because some of the first
semidwarf wheats introduced in these areas were susceptible
to Septoria, the local programs for introducing high yielding
varieties were set back. More recently some advanced lines
tested in those countries have shown a good level of resistance
to Septoria. Of the 386 entries in the 9th IBWSN 51 advanced
lines showed good Septoria resistance, 268 showed
intermediate level of resistance, and only 67 were highly
susceptible.

The 8156 multiline
Occasionally in the past decade, disease epidemics of wheat
have caused great economic losses in individual countries.
Examples are the 1967 Septoria outbreak in Morocco, the 1972
Septoria epidemic in Brazil, the 1975 barley yellow dwarf
epidemic in Chile, the 1976 stem rust epidemic in Brazil, and
the 1977 leaf rust epidemic in Mexico. These disasters in
limited areas were less significant than the pandemics of half a
century ago, but the recent happenings serve as a warning to
the breeders of the still present dangers when dealing with
disease-causing micro-organisms with their genetic variability
and tremendous speed of reproduction.
As a buffer against major rust outbreaks, the breeders have
been developing Ii nes based upon the 8156 cross which can be
used as components for multiline varieties in different
countries. A multiline is derived from crosses between 8156
progeny and other parents which resemble each other and
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their common parent in height, maturity, grain color, etc. But
each line derives genes for disease resistance from different
parents. The multiline is a mixture of these individual
components. When a multi line is grown, and a new race of rust
appears, only a small percentage of plants in the field are Ii kely
to be susceptible. The typical epidemic which spreads from
plant to plant is thus checked.

CIMMYT scientists
continue to work
alongside national
programs to develop
wheats with wide
and stable resistance
to stripe rust. leaf
rust, stem rust and
septaria.
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When new seed is mUltiplied for a multiline, the
susceptible component is replaced and the new multiline
mixture is again fUlly resistant until the next mutation of
pathogen occurs.
In 1977 in continuation of this program, more than 400
additional crosses were made in rv1exico between lines from the
8156 cross and sources of rust resistance from such countries
as Argentina, Australia, Canada, Ecuador, India, Kenya, and
countries of North Africa.
The Fifth International Multiline (8156) Nursery was tested
at 31 locations, worldwide. Preliminary results indicate that
among the 92 entries, 30 entries were highly resistant to leaf
rust in Egypt, Turkey, India, and Bangladesh. Twelve entries
were highly resistant to stripe rust in Turkey, Egypt, Algeria,
and Ecuador.
Research has now confi rmed that the breeders are using at
least 15 different genes for resistance to leaf rust, and 10
different genes each for stem rust and stripe rust. The number
of genes for Septoria resistance is not established.
Distinguishing the genes is accomplished first by the
differential response of wheat lines to the pathogens over a
broad geographic range in the international trials, and then by
laboratory work of collaborators who are assisting CIMMYT.
The collaborators include: Dr. Alan Roelfs of the USDA
Rust Laboratory in Minnesota (USA), for stem rust; Dr. D. J.
Samborski and Dr. Gordon Green of the Canadian Department
of Agriculture, Winnipeg, for leaf and stem rust respectively;
Dr. Irvine Watson of University of Sydney, Australia, for stem
and leaf rust; Dr. M. Boskovic, Yugoslavia, forstripe rust; Dr. R.
W. Stubbs, Holland, for stripe rust; Dr. A. Dinoorof Israel, leaf
rust; Dr. Moshe Eyal and Dr. Isaac Wahl of Israel, Septoria; Dr.
W. Wolfe, England, powdery mildew; and Dr. M. Djerbi of
Tunisia, Septoria.
Since each country planning to use a multiline will require
a different set of multiline components selected locally,
researchers are concentrating their preliminary efforts forthe
multiline in Mexico, and India. The Indian Wheat Program has
developed many lines suitable for components in a multiline
mixture. Seventeen entries in the Fifth Multiline Nursery were
found resistant to all rusts in northern India, and gave yields
equal to Kalyansona, one of India's leading varieties derived
from 8156.
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Spring x winter wheat era

Ing

CIMMYT is attempting to raise the present plateau in yield
potentials by crossing spring wheats with winter wheats. These
are two separate gene pools, and the scientists believe that
intercrossing can produce yield increases in both types.
Crossing can also improve other characteristics; for example,
in the spring wheats, the winter germ plasm can contribute
greater drought tolerance, and greater resistance to such
diseases as Septoria. powdery mildew, and stripe rust. For
winter wheats, spring germ plasm can contribute better stem
and leaf rust resistance, and better baking quality. A wider
range of maturity can be selected for both springs and winters.
The crossing procedures are simple. At the Toluca station
winter wheats are planted in November and are vernalized
naturally (flowering is induced) by cold weather in December.
Weather is mild enough in January to plant spring wheats. and
both types flower in May-June. About 1500 crosses are made
each year.

Crossing of spring
wheats and winter
wheats is one of the
methods CIMMYT
is using inanattempt
to raise the present
plateau in yield
potentials.
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About half the F1 seed is sent to Oregon State University
(USA) wheretheF 1 plants are crossed again to winter wheats to
preserve the basic character of the winters. At CIMMYT the F1
plants are crossed again to spring wheats to preserve the basic
character ofthespring type. A portion ofthe F1 seed is also sent
to India and Turkey.
In 1977 about 100 spring x winter advanced lines were
distributed internationally for the first time as part of the 11th
InternatiOnal Bread Wheat Screening Nursery. When the
results of this trial are received in Mexico in 1978, they
hopefully will provide the strongest evidence so far of the gains
achieved during six years of spring x winter crossing.
Prior to the international trial, the advanced lines from
spring x winter crosses were yield tested in northwest Mexico
during the winter season 1976-77. The13highestyielding lines
gave yields of 6.4 to 7.8 tlha and nine of the 13 outyielded all
check varieties, which included the leading commercial
varieties of Mexico, headed by Pavon 76.

Wheat for the humid tropics
Historically wheat was poorly adapted tothehumid tropics, but
a number of wheat importing countries - notably those in
Central America, West Africa, and Southeast Asia - are
interested in growing wheat in their "winter" season (the period
of mildest temperature and lowest humidity) as a means of
reducing foreign exchange expenditures for imported wheats.
CIMMYT's initial tests in 1972 at Poza Rica, a hot humid
location on Mexico's Gulf coast, revealed two major problems:
that wheat in that location did not tiller adequately (form
supplementary stems), and the fungus disease caused by
Helminthosporium sativum destroyed most plants.
Additional trials served to identify a few Mexico wheats
that do tiller adequately under these warm humid conditions.
From a screening of 5000 lines from the world wheat
collection, 18 entries were found to be resistant or tolerant to
Helminthosporium. Moreover, four F1 crosses from the variety
Horizon, which was previously found to be resistant, were
grown at Poza Rica and all of these F1's were resistant.
The disease resistant lines generally have many defects,
aside from their disease resistance. So a general program of
improvement is required.
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Fortunately, preliminary reports from the 9th International
Bread Wheat Screening Nursery indicated that 22 advanced
lines in that trial did better than all others under tropical
conditions in Nicaragua. Costa Rica, Zaire and Cameroon.
These lines have good plant type and good yield.
So the next step for 1978 is to cross the 22 advanced lines
to the Helminthosporium-resistant wheats. F2 seed will then be
sent to many tropical countries to identify the best
combinations of heat tolerance and disease resistance.
A research station at the University of the Philippines, Los
Banos, is providing special tropical wheat testing services to
CIMMYT.
Wheat must yield about 2 t/ha in farmers' fields of the
tropics in order to compete with alternate crops. It is still too
early to forecast how successfully wheat can be grown under
these conditions.

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

Breeders grow
alternate generations
in Mexico and
co /labora t ing
countries in a farm
of "shuttle breeding"
designed to combat
special whear
problems.
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For example, Brazil has special problems of acid soils and
Septoria disease, for which some Brazilian varieties have
tolerance, but they lack the high yielding qualities of the dwarf
wheats. Beginning in 1974 F,'s of Brazilian wheat crosses have
been sown at Cd. Obregon, Mexico, each November; Brazilian
breeders come to Mexico to select the Mexican parents of F,'s
and make the crosses in late winter; and the F, seed of these
crosses is returned to Brazil for planting the following
generation under Brazilian soil and disease conditions, and
selections are made there for the next round. This Brazilian
shuttle procedure enters its fifth year in 1978.
Argentine breeders have participated in a somewhat
similar crossing arrangement with Mexico for a number of
years, which gave rise to the highly successful variety Marcos
Juarez INTA.
Another shuttle is developing between South Korea and
CIMMYT. Here the breeders are attempting to combine the
earliness and cold tolerance of Korean wheats with the better
yielding qualities of Mexican wheats. Two hundred Korean
lines were received in 1976, crossed to Mexican lines, and
returned to Korea, where they were top crossed or double
crossed with Korean materials. This exchange continues.
The People's Republic of China gave to CIMMYT 200
varieties of Chinese wheat in 1977, which are being grown in
Mexico in winter 1977-78 to determine whether a ChineseMexican crossing arrangement would be useful, especially for
Gibberella resistance and early maturity.
The possibility of other such cooperative shuttle programs
is at the discussion stage with Ecuador for stripe rust
resistance, and Israel for Septoria resistance.

International nursery trials
During the 1970's the number of participants in international
bread wheat testing has more than doubled. This cooperation
of many national programs is of the utmost importance.
Since 1964, CIMMYT has annually distributed a group of
50 varieties as the International Spring Wheat Yield Nursery. In
1977 the 14th nursery in this series of replicated yield trialswas
sent to 105 locations .n 82 countries.
Since 1967 CIMMYT has annually distributed about 300
advanced lines from the CIMMYT-INIA breeding program as
the International Bread Wheat Screening Nursery. The
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purpose of IBWSN is to distribute germ plasm to national
programs and receive in return information on their yield and
disease resistance. In 1977 the 11th IBWSN contained 347
entries, sent to 188 locations in 95 countries.
CIMMYT also distributes a crossing block. This is a group
of varieties, each of which is oneof theworld'sbest sources for
one or more characteristics. Seed of 300 entries was sent to 46
locations in 1977 so that breeders can evaluate them and use
them in crosses if they wish.
Two regional screening nurseries are coordinated by
CIMMYT scientists. The Regional Disease and Insect
Screening Nursery serves countries from Morocco to India and
in East Africa. The Latin American Disease and Insect
Screen i ng Nursery tests the di sea se resi stan ce of experim ental
wheat lines in countries throughout the western Hemisphere.
Regular interchange of materials between the two regional
nurseries ensures worldwide testing of materials developed by
national programs.
A trap nursery of commercial wheat varieties is grown
throughout the Mediterranean and Midwest regions to mon itor
changes in the vulnerability to rust of varieties farmers are
growing.
The results of all these nurseries are summarized and
published to provide information to national programs.

CIMMYT'. crOl»mg
block conroin.
YanerlF.~ tha t are the
best 3Ya,lable sources
tor one or more
characteristics. Seed
of 300 "ntrles _.
senr to 46 locations
in 1977 tor
eyaluation and use

'n crosses.
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Durum Wheat
Durum wheat is an important food in the Mediterranean region,
the Mideast, parts of India, USSR, the Andean countries,
Argentina, Chile, Canada and USA. In developing countries
durum is eaten as couscous (Arabic for steamed cracked
grain), chapatis (flat cakes in India), bread, and more rarely as
macaroni and other pasta products.
Durum is grown on about 30 million hectares of land
worldwide, which produce 20 million metric tons of grain, at
the poor average yield of 667 kg/ha. Low yield is caused by
poor agronomic plant type, susceptibility to disease, and poor
crop management.
Durums were first dwarfed in Mexico in the early 1960s by
crossing tall durums to dwarf bread wheats. In 1968 CIMMYT
expanded its work on durums and progress in the 1970s has
been rapid.
Potential yields of durums in the research station in
Mexico have reached the same level as the best bread wheats.
The linkage of the dwarfing gene with sterility has been
weakened but not eliminated.
Breeders have identified many lines with disease
resistance, which are being crossed with higher yielding dwarf
durums to "pyramid the genes" for resistance. In 1977 another
5700 durum crosses were made, largely directed toward
improving disease resistance.
Durum varieties derived from crosses in Mexico have now
been released to farmers in Algeria, Argentina, Chile, Cyprus,
Iraq, Lebanon, Saudi Arabia, Tunisia, Turkey, and USA.
Scientists working on durums in many countries have
formed a n~twork for testing new lines, which has speeded
progress.

Higher yield
Eighteen durum yield trials were harvested at Ciudad Obregon
in 1977. Among newer durum lines 39 outyielded the best
checks by 10-22 percent. The checks included Mexicali 75, the
highest yielding commercial durum variety in Mexico.
Internationally, durums performed better in 1977 than in
any previous year. Average yield of all entries in the Seventh
International Durum Yield Nursury, grown at 45 locations in 30
countries, was 4239 kg/ha. This was 15 percent better than the
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previous year and 21 percent better than the average of the
previous five years.
Durum yield trials at Toluca and EI Batan on the Mexican
central plateau in the 1977 summer season continued to be
attacked by root rot and head scab. These are problems which
the CIMMYT breeders are trying to solve.

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

Additional buffers
are being sought
against disease
causing microorganisms that are
extremely hazardous
because of their
great genetic
variability and tremendous speed of
reproduction.
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Improved agronomic types
Breeders are seeking better agronomic type with medium plant
height, reduced foliage, and semi-lax heads. Entries from the
world durum collection with these characteristics were
crossed in 1977 to the highest yielding durums in Mexico,
producing four outstanding lines with improved agronomic
traits.
Drought tolerance has been sought by crossing four of
India's most drought tolerant durums to Mexico's widely
adapted varieties, Cocorit 71, Mexicali 75, and Anhinga.
For cold tolerance, 64 new crosses were harvested at
Toluca in the winter season 1976-77, produced with parental
materials from Turkey, Afghanistan, Spain and Portugal which
had withstood temperatures as low as -7°C. These cold
tolerant parents are generally deficient in other characteristics,
and more cycles of crossing and selection will be needed to
correct the faults.

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

Durum varieties released In Mexico between 1950 and 1975.
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Milling and baking quality.
CIMMYT's wheat technology laboratory continues to test
advanced durum lines for milling and cooking quality. Test
weight of the best durums is well maintained at 80 kilograms
per hectoliter and some high yielding lines have reached 85
kg/hI. This equals the test weight of the best bread wheats.
Carotene content has improved to levels over 5 ppm, which
compares well with Italian macaroni durums. Carotene content
combined with a low level of lipoxidase, the enzyme which
destroys carotene in flou r, is a measu re of the preferred color in
pastas and is important as a characteristic to those countries
which export durum grain to Italy and similar markets.

Tesrs for milling and
cooking qualiries are
a daily task of
CIMMYT"s whear
technology laboratory, one of units
visited by Mexico's
pre$ident Lopez
Porrilla (center).
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Triticale
Triticale is a man-made cereal. It results from a cross between
wheat and rye. Although the cross was demonstrated by British
scientists over 100 years ago, it was not until the 1950's that
researchers in Europe and North America began intensive
efforts to transform triticale into a commercial crop. CIMMYT's
work on triticale had its origins in Mexico before the
establishment of CIMMYT in 1966. This research is conducted
cooperatively with the University of Manitoba in Canada.
Many obstacles facing triticale 10 years ago have been
overcome or reduced. Yield of the best triticales then was half
that of the best bread wheats but now is equal. Disease
resistance in triticale has been broadened but still requires
improvement. Lodging in the triticale crop has been reduced.
Protein quality has been stabilized at a level superior to bread
wheat. Baking quality in triticale has been found satisfactory
for many food products on all continents.
But problems remain. In 1977 CIMMYT scientists made
10,000 additional triticale crosses, many aimed at the principal
problems of improving kernel quality and giving greater
dormancy (preventing sprouting of the head before harvest).
Testing of triticale continues in farmers' fields to develop better
production practices, and CIMMYT staff made consulting trips
to developing countries where triticale lines are on trial.
Triticale now grows commercially in Hungary, USSR,
China, Spain, South Africa, Argentina, Mexico, Canada and the
USA. The crop is expected to continue to expand its
production, initially in areas where triticale tolerance for acid
soils and its superior disease resistance, gives advantage over
bread wheat.

Higher yield
Infertility was a major cause of low yields until the late 1960's.
Only a part of the florets (flowers) in the triticale spike became
fertilized and produced grains. In 1968 a triticale line was found
that had a high degree of floret fertility. Since then the resultant
line called Armadillo has been used extensively in crosses. All
advanced hexaploid triticales (those resulting from crosses
between durum and rye) now have Armadillo or a derivative of
Armadillo in their parentage. Good floret fertility combined
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with longer spikes and stronger straw has permitted yields of
the top triticales to achieve yield superiority over the best bread
wheats and durums.

Test weight
Triticale kernels are often shrivelled, a liability that affects test
weight (weight per unit volume). The best triticales have test
weight of 72 to 76 kg/hi (kilograms per hectoliter) compared
with over 80 kg/hi for the best bread wheats. Progress in
improving the test weights of triticales has not been rapid, and
basic studies of the causes have thus far failed to provide an
explanation.
During 1977 some selections from the breeding line called
Camel gave test weights ranging between 76-79 kg/hI. Crosses
between these lines and others of better agronomic type are
being made in 1978.

Triticale is now
grown commercially
in several countries,
and its production is
expected to continue
expansion - especially in areas where
triticale's tolerance
for acid soils and its
superior disease
resistance are an advantage over bread
wheat.
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Lodging resistance
The increasing resistance of triticalesto lodging (the tendency
of plants to fall over near harvest) has contributed significantly
to rising yields. Dwarfing genes from wheat have been
extensively used to reduce the height - and therefore the
lodging tendency - of triticale lines. Single and double dwarfs
in triticale are somewhat taller than wheats with the same
dwarfing sources.
Lodging resistance in triticales has been achieved by
combining a moderate reduction in height with stronger stems.
The best lines in the triticale program such as Beagle are equal
to the best bread wheats in maturity and yield, but remain taller.

Dormancy
Breeders have found two excellent breeding materials to
correct the tendency of triticale to sprout in the field when rains
occur shortly before harvest. One is a Swedish rye called
Othello. The other is a CIMMYT bread wheat named Alondra.
Crosses between these donors and the best triticales were
made in the winter of 1977-78.

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

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

Disease resistance
A new crop like triticale poses many disease problems, first in
identifying the diseases to which the species is susceptible
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under research conditions; second, in observing changes in
disease susceptibility as the area of production expands.
Triticales continue to show strong resistance to the
virulences of leaf rust and stem rust present in northwest
Mexico. In the cool, high altitude stations of EI Batan and
Toluca, Mexico, triticales were resistant to both stem rust and
leaf rust but bacterial leaf blight has been severe on some
winter-planted triticale lines. Leaf blotching, caused by
Fusarium nivaJe a snow mold fungus, was also serious at
Toluca.
Infection ratings for stem and stripe rust on triticales in
international yield nurseries show lower susceptibility than the
ratings given to bread wheats in the same trials.
Tritlcales grown In the International nursery trials maintain
their near immunity to loose and covered smuts, and resistance
to powdery mildew.

Many of the problems of INJrfler rrtricale eros res, such as
floret infertility,
have been largely
ol/ereome.
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Milling and baking quality
The flour yield of triticale lines has ranged from about 52 to 70
percent since 1974, compared to 70 percent in most bread
wheats.
Baking tests showed that many triticale lines are capable
of producing loaves with volumes up to 700 cubic centimeters
(Yecora, a good bread wheat, produces loaf volume of 765
cubic centimeters).
For cookie-making, some triticale lines provide flour that is
more suitable than soft bread wheat flour. Mexican tortillas
made from triticale flour are equal in quality to tortillas made
from wheatflour.lndian chapatismadefrom triticale meal keep
moist longer than chapatis made from bread wheat flour.
Results from milling and baking trials made since 1974
suggest that triticale will find widest acceptance in chapatis,
tortillas, cookies, and unleavened bread.

Winter triticales
Winter-type triticales are needed for such areas of the world as
Afghanistan and Turkey where cereals are planted in the
autumn and flower in the spring. In such areas, spring-type
triticales would be damaged by cold and frost during the
winter, and, if they survived, would flower in cold weather,
resulting in sterility. Winter types from Europe and North
America are later in maturity than desired in these areas.
CIMMYT is making crosses between Mexican spring
triticales and the winter triticales developed in Europe and
USA. The crosses are made at Toluca station where the
December weather is cold enough to induce flowering in
winter types yet the January weather is mild enough to allow
spring types to be planted. Under this pattern the two types
flower at the same time and large numbers of crosses can be
made.
Winter-type progeny of these crosses are shorter, have
higher fertility, better seed development, earlier maturity, and
more rust resistance. Spring-type progeny have better root
development, improved resistance to certain diseases and
possibly better drought tolerance.
In addition, crosses between winter ryes and winter
wheats are being produced at Toluca to provide new wintertype germ plasm.
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Improvement in winter types prog resses slowly because of
defects of the winter parents and because only one crop can be
grown each year. Winter progeny cannot be tested for cold
tolerance in Mexico so they are sent to cooperating scientists
in Europe, South America, Canada and USA for screening.

Forage trltlcales
Some triticales have the ability to produce large amounts of dry
matter even when repeatedly clipped or grazed. Trials have
been conducted to test the ability oftriticale strains to produce
forage and, after regrowth, grain. Oats, a crop commonly used
for forage and grain, was included in the trials for comparison.
Sheep have been used in grazing trials in Argentina.
While no strain of triticale has yet been found to equal the
rate of recovery by the best oats, promising triticale lines are on
test.

Some triticales can
produce large
amounts of dry
matter, even when
clipped or grazed.
Promising lines are
under test for their
ability to Produce
forage, and after
regrowth, grain.
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for both food and fodder. Some 80 demonstration plots on
farmers' fields and 4000 "minikits" for farmers' use were
supervised in 1977.
In western Asia triticale demonstrations were planted in
1977 in Iran (Karaj Experiment Station) and Turkey (University
of Izmir). Triticale lines were undergoing seed increase at
higher elevations of Ethiopia and Kenya. Other African
countries such as Tanzania, Malawi, Burundi, Rwanda,
Zambia, and Malagasy reported triticales had outyielded bread
wheats in local 1977 trials.
Among South American countries, Brazil and Chile each
has a national triticale research project, and trials have been
held in the Andean countries of Colombia, Peru, and Bolivia.
To the scientists in Mexico, it appears that commercial
triticales will spread next in three regions:
(1) The hill area of India-Nepal-Pakistan.
(2) The East African highlands, centered on Kenya.
(3) The Southern Cone countries of South America,
particularly southern Brazil.
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Barley
Barley is perhaps the hardiest of cereal crops and a basic food
in regions where the growing season is too short or the rainfall
inadequate for other cereals. A substantial number of people
eat barley in the Mediterranean region, Mideast, India, China,
Korea, Japan, the Andean region, and eastern and northern
Europe.
AlthoUgh improved barley varieties have been developed
in the past for brewing beer and for cattle feed, varieties for
human food were virtually ignored by plant breeders. Most
barleys eaten by human populations have been low yielding
and susceptible to disease. The grains of most barleys have
hulls that are useful in making beer or feeding cattle, but the
hulls are generally removed before the grain is eaten by
humans, thus reducing weight and nutrients. Additionally,
barleys for brewing beer have been bred for low protein
content, a disadvantage for a staple human diet.
Since 1972 CIMMYT has assembled good breeding
sources for nearly all characters needed in food barleys. Some
advanced lines now combine high yield potential, wide
adaptability, and naked (hull-less) kernels. But these lines as
yet do not have a sufficient range of disease resistance.

Wider adaptation
Lack of adaptation is caused in part by sensitivity to daylength.
Varieties with sensitivity flower only in longer days. If
temperate zone barleys are planted in the tropics they may
flower too late, or not at all. CIMMYT breeders are able to
eliminate daylength sensitivity by growing lines in thewinterat
a Mexican location 27°N and in the summer at 19°N at EI
Batan. Since the winter location is on a desert at sea level and
the summer location is on a humid plateau 2200 m above sea
level, the barley lines are subjected to different environments,
and only those that show wide adaptation survive.

Greater disease resistance
DroUght and high temperatures which occurred at CIMMYT's
EI Batan station in the summer of 1977 produced excellent
epidemics of stripe rust and scald, permitting selection of
resistant materials; and the epidemic of leaf rust in 1977 was
the most severe ever observed at this location. Pathologists
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identified 22 advanced barley lines with excellent resistance to
leaf rust. These are now used for top and double crosses to
improve other lines.
Barley growing countries in the Andean region, including
Colombia, Ecuador, and Peru are suffering epidemics from a
new race of stripe rust for which local breeders have identified
resistant lines. Seed for these lines has been added to the
CIMMYT crossing block.
Good progress is being made on other diseases (scald,
powdery mildew, common leaf spot, net blotch, and virus stripe
disease). Resistant lines are now used extensively in crosses.

CIMMYT has
assembled good
breeding sources for
nearly all characters
needed In food
barleys. Some advanced lines now
combine high yield
potential, wide
adaptability, and
naked (hull-less)
kernels - but
Improved disease
resisUlnce I needed.
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Earliness
Quick-maturing barley is the only cereal which will produce
grain in many areas of the world with a brief rainy season or a
short frost-free summer. But barleys with short maturity
generally are low yielding. Breeders are seeking varieties
which mature 20-30 days before existing commercial varieties,
and give acceptable yields.
A Russian line, Super Precoz, flowers in 40 days and can
be harvested in 70 days in Mexico's summer season. But yield
is not adequate.
In 1976 CIMMYT conducted a yield trial in C. Obregon
station for early barleys. The most notable line was HjaC4725 x
alii which yielded 4.7 tons in 92 days, while the commercial
check gave similar yield in 118 days.
A related line M69.69-HjaC4715 tested for yield at EI Batan
station in summer 1977 gave2.9tons in 86 days in adryseason.
This is 25-35 days earlier than commercial varieties, and yield
is acceptable, despite only moderate disease resistance. Early
varieties tend to escape drought and the full effects of disease
epidemics.

Developing nations that produce ewer

20.000 metric tons of barley a vear
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Another 54 advanced lines 01 early barleys were placed in
yield tests at C. Obregon in winter season 1977-78. These lines
have maturities ranging 70-95 days in the summer season at EI
Batan, and 90-115 days in the winter season at C. Obregon. The
best will later be tested internationally.

Naked grain
Hull-less (naked) barley has several advantages as food:
The edible dry matter is greater in the naked type.
The naked barley preserves the vitamins and minerals In
the grain, whereas the hulled type loses part of the
nutritive value when the grain Is pearled (peeled).
The naked grain threshes easier, and can be eaten
immediately after threshing.
Through crosses to Godiva, a variety from USA, and other
naked types, almost half the barley lines in early generations at
CIMMYT now have naked grains. These materials still require
improvement for grain size, plumpness, and resistance to germ
damage during threshing.

In 1977, the Third
International Barley
Yield Nursery,
with 24 entrie wa
sent to 45 locations.
The Fifth International Barley
Observation Nursery.
with over 300 entries,
was sent to 60
locations,
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Better protein
CIMMYT breeders aim to raise the nutritional quality of barley
protein. Protein quality can be improved by increasing the
amount of lysine, an essential amino acid.
About 40 percent of early generation lines now have one or
two sources of improved protein quality in their parentage. The
Hiproly variety, an Ethiopian barley, has a high protein content,
and also a gene for high lysine content. Riso Mutant 1508, a
source obtained from Denmark, is an induced mutant with
about the same protein content as Hiproly and about 15
percent higher lysine. Unfortunately, both varieties cause
shrivelled grain in their progeny. Since the linkage between
lysine content and shrivelled grain is less difficult to break in
Hiproly progeny, the program emphasis is on Hiproly as a
source of better protein. Some progenies of crosses with
Hiproly have up to 3.5 percent lysine which is less than that of
Hiproly itself, but still well above the average for barley. To
eliminate grain shrivelling, breeders are crossing these lines
with Egyptian barleys characterized by their heavy plump
grains.
~traw

strength

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

Higher yield potential
In the summer of 1977 approximately 100 advanced lines of
barley, developed by CIMMYT, were yield tested at EI Batan
station. Despite a drought which cut short the growing season
and hastened maturity, the four best lines of hulled barley gave
yields of 4.7 to 5.3 tons per hectare, exceeding the best bread
wheat check in this dry season by more than 50 percent. In the
same trials, the four best lines of hull-less barley gave yields of
4.5 to 5.3 tons per hectare. These are remarkable yields when
one considers the loss of weight from lack of hull.
In the preceding cropping season at Ciudad Obregon
(1976-77 winter) 68 advanced Jines of CIMMYT-developed
barleys were yield tested against checks of bread wheat,
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durum, and triticale. The ten best barleys gave yields of 6.0-7.1
tons per hectare, with three irrigations and a moderate fertilizer
treatment of 120N-60P. The best wheat checks gave slightly
higher yields. During the five-year period 1972-77 the best
barleys in CIMMYT program have reached yield levels just
below the best bread wheats and durums, under disease-free
conditions.

International testing
Two large international barley trials were distributed by
CIMMYT in 1977. The Third International Barley Yield Nursery
containing 24 entries was sent to 45 locations.
The Fifth International Barley Observation Nursery, with
over 300 entries was sent to 60 locations. It is the aim of this
nursery to obtain broad information on the disease resistance
of early generation lines.
The number of countries participating in international
barley trials rose from 30 (1975) to 63 (1977).

Winter x spring crosses
Countries such as Korea require winter hardiness in their
barley, combined with the ability of the plant to tiller fast in the
spring and ripen early, so that barley can be replaced by
summer paddy by June 1. These varieties are most likely to be
achieved by the crossing of winter and spring barleys. And the
crosses cannot be made in Korea.
Winter barleys are types that must be exposed to a cold
period to induce flowering. Winter barleys are planted in the
autumn, survive winter as seedlings and resume growth in the
spring. Since winter and spring barleys have evolved in
different ecological zones they have quite distinct genetic
pools. Through interbreeding each pool becomes a rich source
of additional genetic variability for the other pool.
Winter barleys from Korea, the USA, Turkey, and eastern
Europe are now planted in CIMMYT's Toluca station each fall.
The weather at Toluca is cold enough to induce flowering in
winter barley yet spring barley can be planted in January and
large numbers of crosses can be made. Part of the F2 seed is
sent to cooperating winter barley breeders including Korea so
that winter barleys can be selected under their conditions.
CIMMYT also develops spring barleys from the crosses.
By using appropriate parents, breeders believe winter
barley x spring barley crosses will lead to both winter and
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spnng types that have higher protein content, better disease
resistance, better cold tolerance, and a broad spectrum of
maturities.

Barley perspective In 1978
up to 1978 no national program had released a new barley
variety bred in Mexico. But the 64 countries now collaborating
in the international barley trials are obtaining new and better
breeding materials from CIMMYT each year, and commercial
varieties suitable for most climatic zones should be available In
the early 1980·s.

Protein quality
in barley can be
improved by
increasing rh
amount of lysine,
an essencial amino
acid. About 40 percent of early
generation line.
now have one or two
source.• of improved
protein Qua lit V
in cheir parentage.
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Development of New Germ Plasm
Some wheat varieties carry only a single character useful to the
breeder, but this one is often intermixed with undesirable
characters. One breeding unit at CIMMYT is making the
painstaking transfer of genes for single useful characters into
lines with good agronomic type and "pyramiding" the useful
genes. These modified lines can then be used as parents to
make many crosses to improve higher yielding, widely adapted
lines. Some of these efforts are described below. Substantial
gains from this work occurred in 1977.

New sources of dwarfing
Most of the world's semi-dwarf spring wheats derive their short
height from the Japanese winter variety Norin-1 O. To broaden
this base CIMMYT is employing three other varieties - Tom
Thumb (Tibet), S948A1 (Rhodesia) and Hisumi (Tibet via
Japan) - three short varieties whose genes for shortness are
unrelated to Norin-10.
CIMMYT has crossed S948A1 to older Mexican varieties
such as Huamantla Rojo, Nainari 60, and Pitic 62, aiming to add
more dwarfness to their proven yield potential and
adaptability.
At the same time the dwarfing gene S948A1 has been
incorporated into the latest and highest yielding Mexican
wheats, which already include Norin-10 in their pedigree.
These crosses involve Jupateco 73, Tezopaco 76, and Pavon
76. It is hoped that a further shortening of the straw will enable
the progeny to convert even more oftheir dry matter into grain.
Hisumi is a very short winter dwarf, 45-55 cm tall when
grown in northwest Mexico. It has been backcrossed for
several generations to some of Mexico's leading spring wheats,
and seeds from the hybrids are being tested in the 1977-78
winter season. The most advanced materials are derived from
the commercial varieties Jupateco 73, Chris, Santa Elena, and
Naririo 59.

Protein improvement
Higher protein content or protein quality have been found in a
few spri ng wheats, but these materials are generally associated
with weaknesses such as susceptibility to rusts, incompletely
filled kernels and poor spikelet fertility. CIMMYT is transferring
these genes for better protein into better plant types.
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In the first round of crosses the breeders were ableto move
superior protein into progenies of the varieties Frondosa, Nap
Hal, Kenya C, Pioneer, and Mahratta. Some of these lines had
15-19 percent total protein compared to 10-13 percent in most
commercial bread wheats.
In the second round of breeding, best progeny from the
first crosses were backcrossed to superior advanced lines in
the CIMMYT bread wheat program. Several offspring from the
second round show better agronomic characteristics and
better grain type than their parents, yet retain high protein
content. Enough seed will be available in the spring of 1978 to
permit yield trials. One promising line gave 14.5 percent total
protein in a yield of 5.6 tons/ha. The check variety Siete Carros
gave 5.7 tons yield with protein level of 9.8 percent.
This indicates the possibility that future crosses can
stabilize the combination of high-yield and high-protein.
CIMMYT recognizes that extremely high protein levels in
grain comes at a price. Very high protein grain requires more
soil nitrogen, and part of the increased protein is in a form
Which does not improve the nutritional val e of the grain.
However, a protein level of 14.5 percent should provide very
good bread making properties.

Research on wheat
planes with
branched heads
seeks to determine
wh ther branChed
hlNld$ will permit
if larger number of
grains per sqUdre
meter of plants,
and thus increase
the yield.
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Rust resistance
Leaf rust is caused by a pathogen which is the most unstable
among the diseases of wheat, and some of the best genes for
resistance to leaf rust are found in older varieties like Yaqui 50,
Bonza 55, Andes 56 and Era, which have plant types unsu itabl e
for commercial varieties in most developing countries.
So the breeders are attempting to transfer genes for leaf
rust resistance in two ways: first, into a single breeding line that
can serve as a parent; second, by direct crosses into some of
the latest and highest yielding Mexican' spring wheats which
are susceptible to leaf rust, including Super X, Inia 66, Cajeme
70, Yecora 70, Potam 70, Jupateco 73 and Zaragoza 75.
In another approach to leaf rust resistance, the breeders
are using the varieties Agatha and RL6010, each with one
dominant gene for leaf rust resistance, in a series of back
crosses to high yielding varieties like Inia 66, Yecora 70, Potam
70 and Morocco. Cycles alternate between back crosses to the
resistant parent, then a screening cycle which permits
susceptible offspring to bediscarded and resistant offspring to
be retained. This program will complete its third backcross in
1978.
The breeders are confident they can select a plant with all
the desirable characteristics of Inia 66, for example, combined
with the leaf rust resistance of the variety Agatha (gene LR19).
This procedure should be equally effective with other genes for
leaf rust resistance (LR9, LR21, LR22, LR24).

Branch-headed grains
Research continued in 1977 on the development of wheat
plants with branched heads. The purpose of this work is to
determine whether branched heads will permit a larger number
of grains per square meter and thus increase the yield ceiling.
In the early 1970's CIMMYT developed branched heads
which carried more grains per plant, butthis novel architecture
was generally associated with poor agronomic type, poor
fertility, and poor grain quality. In 1977 most of these
characteristics were corrected. Twelve lines of branch-headed
bread wheats gave yields similar to the variety Super X, with
more spikelets and more grains per square meter. The grains
were small but well developed and test weight was high.
Problems with fertility and grain plumpness still remain.
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The breeders now believe it is possible to combine the
branched head with the best characters of the wheat plant. But
whether this will raise the yield ceiling is still to be proven.

More spikelets per head, more grains per spikelet
Another approach to higher yield ceiling is the breeder's
search for a longer conventional head, with more spikelets per
head, and more grains per spikelet.
The winter wheat variety Tetrastichon has a head twice as
long as most spring wheats, giving 30-40 spikelets per spike,
compared to 10-13 spikelets in some of the highest yielding
commercial spring wheats. This character of Tetrastichon has
been transferred to spring wheats at CIMMYT.
In addition, the breeders have found some varieties which
produce more grains per spikelet. The variety Morocco
regularly gives 10 grains per spikelet when grown in northwest
Mexico, compared to 3-6 grains per spikelet in most bread
wheats. Some progeny from the variety Morocco are giving up
to 14 grains per spikelet.
Now the breeders are making crosses to combine these
two characters - more spikelets per head, and more-grains
per spikelet. One line in 1977wasgiving 27-30spikelets and 7-9
grains per spikelet when grown under commercial crop
spacing. This would produce 2 to 4 times more grains per head,
compared to current commercial spring wheats.
But the question remains: will this increase the yield?
Mother nature tends to offset each increase of one yield factor
by a reduction in another. For example, these plants with a
remarkable number of grains per spike might produce fewer
tillers (extra stems), or show greater spikelet sterility (fewer
grains would fill). or lower test weight per 1000 kernels. The
breeders are trying to maximize all these characters
simultaneously.

Tolerance to aluminum toxicity
Brazil has more than 20 million hectares of acid soils (Campos
Cerrados) which could grow wheat when varieties are
developed with tolerance for aluminum toxicity in the soil.
Other countries have the same problem.
Breeders have found that one Mexican spring wheat
Alondra. and segregates of the Brazilian cross Pelotas 72380 x
Arthur 71, both confer tolerance to aluminum toxicity, and this
character is now being transferred to improved bread wheats.
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Wheat x triticale crosses are also being used as an
approach to the aluminum problem. Triticale shows greater
tolerance to aluminum toxicity than do present bread wheats,
and the breeders hope to transfer the triticale character to the
wheats. Several of CIMMYT's wheat x triticale crosses will be
tested in Brazil during 1978.

Wide crosses (intergeneric crosses)
In 1977 crossing between wheat x barley continued. Eight of
the crosses produced adult plants with good fertility, but all
characters are similar to the female parent. Although there is
no confirmation whether genes from the male parent are
present, the plants will be carried forward to advanced
generations in expectation that even partial hybrids (insertion
crosses) would have important use in CIMMYT breeding.
Crosses between wheat and grasses (wheat x Agropyron,
wheat x Aegilops, wheat x Elymus) were continued. These are
near relatives of wheat from which new sources of disease
resistance are sought. True hybrids have been developed from
all three crosses, but there has been no success in developing
fertile offspring from the third genera cross.
All work on new germ plasm described above must be
judged over 5-year or 10-year periods, not on a year-to-year
basis.

Physiology-Ag ronom y
The physiologists have been assigned the task of identifying
for the breeder more efficient ways of selecting wheat plants
for higher yield. The physiologist studies plant characters
which may limit yield potential, and factors correlated with
higher yield. He screens materials for drought tolerance. He
works on the frontiers between applied science and the basic
biological sciences. This is slow work but each year some new
developments are reported.

Plant selection in early generations
In early segregating populations (F 2, F3) plants are grown at
CIMMYT at wide spacings in the row so that the breeder can
select visually for differences. This arrangement Is very
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different from the density of plants in a commercfal crop. Some
plant characters such as plant height, disease resistance, and
days to maturity are comparable at both wide and close
spacings, but the yield of widely spaced plants bears little
relation to the yield of a crop planted at normal densities. For
this reason it is more difficult for the breeder to select those
plants with the highest yield potential in early generations.
Physiologists at CIMMYT are studying early segregating
populations to see if they can identify characters at an early
generation (F 2 ) which correlate with high yield potential in later
generations. (F 4 , Fs, F6 ).
To make this study, plants were randomly selected in F2
from many CIMMYT crosses. Observations were made of more
than 30 characters in F2 • Thereafter seed from the plants was
increased to permit yield trials grown at commercial density in
generations F4 , Fs, and F6 • Correlation is then made between
high yield in advanced generations and the characters
observed at F2 • For those characters which show good
correlation, further studies are madeto define more accurately
how they might be used as selection criteria in early
generations.
The first F4 yield trial in this study was conducted in 1977,
and the one season result is encouraging. Estimating the
stomatal aperture (the size of pores in the leaves) with a massflow porometer on the F2 plants gave a more accurate estimate
of yield in the F4 generation than did the breeders' visual
assessment. Tests will be made of this as a selection criteria in
1978.

Drought studies
A drought trial was conducted on 29 bread wheats, three
durums, and four triticales at three levels of moisture.
Plots under "early drought" received one irrigation at
sowing, a second at 67 days, and a third at 97 days. Plots
exposed to "late drought" received one irrigation at sowing and
a second at 35 days. Rainfall was 35 mm for the season. Control
plots received the normal 6 irrigations considered necessary
for full expression of yield potential in northwest Mexico.
Some of the newer bread wheat lines showed better yield
under drought stress than the older varieties. The highest
yielding line under late drought, Nacozari "S" yielded 4.3 tlha
with two irrigations, and one Pavon "S" yielded 6.9 t/ha with
three irrigations, whereas the highest yield in the control plots
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with six irrigations was 7.3 tlha.
Some early barley lines yielded extremely well in a trial
with only a planting irrigation (about 150 mm of irrigation plus
24 mm of rainfall). The best line, Mona Arivat, yielded 3.9 t/ha
under these extreme drought conditions and matured in 88
days. This is a yield of over 44 kg/ha for each day in the ground,
whereas the highest yielding variety in any physiology plot in
1977, under full irrfgation, gave 59 kg/ha per day.
In reading these results, caution is needed: these trials are
useful in identifying parents for the breeding program, but the
results of drought studies in Mexico cannot be extrapolated to
other parts of the world where different types of drought, or
different soils or different temperature regimes prevail.

Leaf angle
CIMMYT physiologists have conducted a series of studies to
determine whether leaf angle of the wheat plant is a factor in
yield potential. These studies were prompted in part by the
high yielding rice varieties bred by the International Rice
Research Institute with upright flag leaf. Sim ilarwheat varieties
can be developed if leaf angle were found to be a significant
factor in yield potential.

Physiologists work
on the frontier
between applied
science and the basic
biological sciences;
studying plant
characters tha t rna y
limit yields and
screening materials
for drought
tolerance.
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In 1977 well watered, high fertility trials were conducted on
bread wheat lines exhibiting different leaf angles. Lines with
erect leaves were from F3 populations of crosses between one
erect-leafed parent (Erect RAF) and three high yielding
Mexican varieties, Siete Cerros 66, Inia 66, and Yecora 70.
Disease was controlled. Leaf angle was estimated visually as
an angle from the vertical, at three stages before flowering and
one stage shortly after flowering.
The conclusions: No obvious correlation was found
between leaf angle and yield in these trials under conditions of
northwest Mexico.
Under environments with lower radiation than in Mexico,
leaf angle may be important, and the trait will continue to be
studied in the breeding program.

Factors limiting yield potential
The highest yielding wheat lines under optimum conditions
(no moisture or nutrient stress, no weeds, no disease) are
normally the highest yielders under poor growing conditions,
although under poorest conditions the differences in yield are
negligible. Therefore, increasing the yield potential of wheat
under optimum conditions is of interest to CIMMYT, since it
relates to yields also under sUb-optimal conditions (the
circumstances under which most of the world's wheat is
grown).
Physiologists and agronomists at CIMMYT are conducting
studies to determine how yield is limited under optimum
conditions.
In 1977, foliar nitrogen applied during the 30 days before
flowering gave no significant increase in grain numbers per
spike or in yield.
More moisture applied as an extra irrigation at 71 days
after sowing, or in the form of aerial misting when temperatures
reached 24°C, tended to increase numbers of grains per spike
and yields, but only slightly.
Day-length extensions with artificial lights were given to
seven populations during the period before flowering, and
their response was compared to checks with normal daylength. Day-length extension advanced the date of flowering,
and reduced yield in proportion to the number of days that
flowering was advanced.
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In a shading study with six varieties, yield was markedly
reduced by applying 50 percent shade during 14 days
immediately before flowering. Yield loss was due to reduction
of spike numbers and grains per spike, and the loss varied by
variety.
To date, these studies have shown that yield in this
environment is limited by the number of grains set per unit
area, and that yield could be increased if it were possible to
increase either the number of grains per ear or the number of
ears per unit area.

Nitrogen trials
Different sources of nitrogen were tested for their agronomic
effectiveness. The sources of nitrogen used were urea,
ammonium sulfate, ammonium nitrate and sulfu r coated urea.
Urea, ammonium sulfate and ammonium nitrate always gave
similar results although at the higher rates of N application
urea gave higher yields than the other two sources, sometimes
significantly. All three fertilizers were consistently superior to
sulfur coated urea under growing conditions of the trials in
Northwest Mexico. In a combination of 24 comparisons sulfur
coated urea was significantly inferior 18 times.

Weeds and weed control
Since wild oat (Avena fatua) is a major weed problem in many
wheat growing areas of the world, its biology and chemical
control are being studied.
The effects of varying lengths of weed competition (wild
oat) on four crops - triticale, bread wheat, durum and barley
- were studied using the varieties Yoreme, Jupateco, Cocorit
and Celaya respectively. The effect of wild oat competition
began to show between 48 and 59 days postemergence of the
crop under these conditions. When weeds were not removed
until 111 days postemergence, the crop losses were 4070
kg/ha, 2550 kg/ha, 3190 kg/ha and 520 kg/ha, for Yoreme,
Jupateco, Cocorit and Celaya respectively, as compared to
their respective checks. The most competitive crop was barley
(variety Celaya). This isdue to the early seedling vigorof barley
and the fact that it covers the ground rapidly to prevent light
penetration and the development of weeds. The important
factors that emerge from this experiment are (1) the varying
ability of crops to compete with weeds and (2) the importance
of crop density.
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Pathology
A severe epidemic of leaf rust (Puccinia r~condita) attacked
the principal commercial wheat area of northwest Mexico in
the winter season 1976-77. Seventy percent of! the crop was
planted to the variety Jupateco 73, which is susceptible to leaf
rust.
Tlie Government of Mexico organized an aggressive
program of aerial spraying with fungicides. In fields where no
fungicide was applied, Jupateco 73 yielded as low as 800
kg/ha, whereas in fi elds effectively sprayed, yi elds were as hig h
as 6 tons/ha.
The circumstances behind this epidemic are described in a
report at the back of this Review, together with conclusions.
During the epidemic CIMMYT conducted commercialsized trials on the use of fungicides as control agents against
leaf rust. The results are reported below.

Chemical control of a leaf rust epidemic
In one fungicide trial, a 25-hectare field of Jupateco 73 was
divided into blocks of 5 to 6 hectares for fungicide treatment,
and a one hectare area was reserved as a check. Yield data
were taken by commercial combine. The fungicide Indar was
applied from the air at the rate of 800 cc per hectare and gave an
average 54 percent yield increase compared to the check. The
fungicide Bayleton was applied at 1 kg/ha and gave 32 percent
increase in yield. Both treatments were economic (value of
crop saved greatly exceeded the cost of treatment).
Bayleton showed excellent eradication ability (it killed rust
pustules already formed) whereas Indar served to prevent new
pustules from forming after treatment.
In a second trial, Indar was applied to irrigation water 60
days after crop emergence of the variety Jupateco 73, which
already showed 10-12 percent leaf rust infection. The
fungicide, taken up by the plant roots as a systemic, increased
yield by 13 percent 200 meters from the point of application,
indicating excellent dispersal, and demonstrating both
feasibility and economic payoff of this method.

Gibberella blight or "Scab" disease
Gibberella blight is a fungus disease of wheat, commonly
known as "head scab", which took a heavy toll in southern
Brazil and Argentina in 1977, and is endemic in Japan and
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China. CIMMYT is collecting wheats reportedly resistant to
scab to determine whether resistance can be combined into
high yielding varieties.
Until now, Japan has had the best resistance to scab but
Japanese resistance has been generally associated with
wheats of poor agronomic type, high susceptibility to stem
rust, and poor baking quality. Argentina has developed one
source of resistance in the variety Klein Atlas. In Brazil crosses
are being made between Brazilian wheats and Asian varieties
which have some resistance to scab, especially Japanese such
as Minami Kyuchu, Nibiaka. Nyu Bay and Peking 8. Progress in
breeding for resistance to the disease is slow. Chinese
breeders say they have no wheats with strong resistance to
scab.
The USA eliminated scab as a serious wheat disease
during the period 1890-1930. Wheat and maize were then
grown in the same areas of the USA and the two crops served
as alternate hosts to the fungus, winter and summer, until the
wheat crop moved farther west into drier areas and the chain of
continuous infection was broken. This solution is not feasible
in some countries where the disease is now endemic. Hence
genetic resistance is sought.

Preparing plots for

1k~~~~~;lt:~r:&t:tJplanting at EI Batan.
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International Wheat Testing
In 1977 collaborating scientists in 96 nations planted over 1700
trials of wheat, triticale, and barley nurseries distributed by
CIMMYT. A nursery consists of a set of varieties or lines,
sometimes as many as 470. Identical sets are sent to scientists
at numerous locations. The results reveal the adaptability and
comparative yield of each entry under dozens of different
ecological conditions as well as the breadth of disease
resistance of the entry. The information derived from 1 year of
testing at so many locations could not be equalled by decades
of testing at one location.
CIMMYT's international testing program evolved from
cooperative wheat testing in North and South America in the
late 1950's. When the Mexico program received its first trainees
from outside the Americas in the early 1960's the idea of
worldwide tests was a logical expansion. The First
International Spring Wheat Yield Nursery in 1964/65 was the
beginning. Other types of nurseries followed. Nurseries are
sent out annually in triticales, durums and barleys as well as
bread wheats. Some nurseries consist of F2 seed, others
contain advanced generations, still others released varieties.
Certain nursery trials are replicated, others are not.
The nurseries are a mechanism for distributing germ
plasm. Any entry in any nursery can be used as the local
breeder sees fit. He may use an entry as a parent for making
crosses with local varieties, or make selections from the entry,
or multiply the entry for direct release to farmers with
appropriate recognition to originating institution and country.
A significant benefit of the nurseries is that they foster
contact and cooperation among scientists in nations with wide
social and political differences.
In 1977, 96 countries received nurseries (see Table). The
total weight of the nurseries, shipped by air, was 4.5 metric
tons.
.
As rapidly as test data are received from each nursery,
CIM MYT summarizes and publishes the results for distribution
to all collaborators and other interested scientists.
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Milling and Baking Laboratory
The milling and baking laboratory evaluates the grain of bread
wheat, durum, and triticale lines for their suitability in making
bread, tortillas, chapatis, cookies, spaghetti, and other
products.
In 1977 the laboratory tested 30,000 samples from early
generation bread wheat lines (F 3 and F4) for gluten strength by
the use of the micro-Pelshenke test, after being selected for
seed type. By screening in early generations, it has been
observed that advanced materials have increased in test weight
(weight of grain per unit volume), and very few advanced lines
are now discarded because of low grain test weight. Test
weight influences flour yield. Among advanced lines and
varieties of bread wheat, some 1900 were evaluated in 1977 for
milling, protein percent, mixogram, al veog ram , sedimentation
and baking.
In durum wheats the laboratory screened 7000 individual
plants for pigment content, and 250 advanced lines were
evaluated for spaghetti-making quality. Several advanced
durum lines 'were found with better spaghetti cooking quality
than Mexicali, Mexico's leading durum.
In 1977, 9500 triticale lines from segregating generations
were screened for alpha-amylase activity by the use of the
"falling-number" method. A direct correlation between alphaamylase activity and sprouted grain has been observed, lines
with the highest activity exhibiting the highest sprouting in the
field. With the use of this test, the lines with tendency to sprout
will be discarded from the program.
In triticale, 497 high yielding linesthat have good yield and
high test weight were evaluated for milling and baking and for
quality in cookie-making.
Almost all the triticale lines tested had a flour yield higher
than 60 percent, and some higher than 70. Good bread wheats
have flour yields of 70 percent. Baking tests were conducted
with triticale flour using low fermentation period, and a high
number of triticale lines had loaf bread volumes above 700 cc.
compared to Yecora a good bread wheat, which has a loaf
volume of 765 cc. Many triticale lines provide flour that is better
for cookies than the soft bread wheat normally used for making
this product.
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Wheat Training
Since 1966 over 400 wheat scientists have received in-service
training in Mexico. During 1977,41 young scientists from 21
nations were trained.
The training program lasts 3 to 7 months. It aims to develop
skill in field and laboratory techniques, to give experience
working in an interdisciplinary team, and to improve
understanding of agricultural development and the role of
wheat production.
The number of training fellows by country in 1977 carries
no program significance, because availability of candidates in
a particular year depends upon the ability of each government
to approve study leaves for young scientists. (See table.)
Over a 1o-year period the number of trainees per country
can indicate several cropping situations. For example,
countries where CIMMYT has participated in major wheat
improvement campaigns have sent the largest number of
candidates: Algeria, Brazil, Mexico, Pakistan, Tunisia, and
Turkey. Some smaller wheat producers are trying to expand
their crop, and these countries are active participants in
CIMMYT wheat training: Bangladesh, Ecuador, Nigeria, and
Peru.

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

Training in national programs
The CIMMYT training staff have helped a number of
governments to set up training courses within national wheat
programs. In past years such courses have been organized in
Turkey, Tunisia, Algeria and Ecuador.
In 1977 the head ofthewheattraining staff in Mexico spent
several weeks in Tunisia and Algeria, helping lay plans for
additional training programs to be carried out in 1978.
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Origin of Wheat In-service trainees, 1966-77.
19661977
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1977

ulln America
Arllenllna
Bolivia
Brazil
Chile
Colomb a
Dominican Republic;
Ecuador
Gu.temll.la
Honduras
Me.lco
Panama
ParagulY
P&I'U
Uruguay
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12

No<1h Africa. Mid...,
Algeria
Cyprus
EOypl
fran
Iraq
Jordan
Lebanon
libya
Morocco
Saud' Arlbil
Sudan
5yrl.
Tunisia
Turkey
Yoman

159
42

1.
4
0
2

6

0

5
11
6
4
1
10
5

1
40
1
4
11
1

5
3
4
4
16

I

0
0

a
1
a

3

0

5

1
1
4
0

23
30

3

Ah1ca, South 01 II Sahara
ethiopia
Keny
Malagasy
NIQflria
Somalia
Tan""nr.
loIre
Zambia

40
11
7
1
14
1
1
2

,0

South. SoulIU'''! & Eul Asla
Algnanlslln
Bangladesh
Indl
Korea. South
Nepal
Pakistan

83
13
17

10
0
3
1

Oilier counlrles
France
Hunoa!'Y
Pol.nd
Portugal
Romania
5ps;n
USA
USSR

17

Telal:
Counlrles
IndMdual.

3

6
7
7
33

,
1

3
1
2

2
4

3

7
2
1
0

3
0
0

1

3

2
0
0
0
0

0
0
0
0
0

51

21

417

41

W heat Cooperative Projects Outside Mexico
During 1977 CIMMYT had posted fourwheatscientiststowork
with regional wheat programs outside Mexico and five to work
with national wheat programs.
In three regions of the world wheat growing countries have
entered into cooperative arrangements to improve their wheat
crop. Regional groupings generally comprise neighboring
countries in which wheat is a major crop, grown under similar
climatic conditions, exposed to similar diseases, and
benefiting from continuous exchange of technology. Typically
a regional program will sponsor: (1) an annual workshop
among wheat scientists, (2) circulation of uniform nursery
trials, (3) visits by local scientists to observe wheat research in
neighboring countries, (4) more training in the region, and (5)
consultation by CIMMYT scientists.
At the close of 1977 CIMMYT wheat scientists were
stationed in the following regional programs:

~retlona.

art_

erranean,
.a. Soulh
. a (Egypt

NullllMr of
1978
cooperellng popUlallon
ClOlIIllrl..
(mlllion.)

a ..

WIle..
crop

(Ions)

MYT
......ed
e.eft 1977

Donor 01 Year
".rlefed .......~.

22

1040

69,000,000

2

C!9f'8. lund.

began

Netherlands

1973

14

106

1,000.000

Canada

1976

5

89

330,000

Canada

1976

a.

1'l:Irkey)
I!bt Alrlca
(Kenya)
Apdean Region
(~.ador)

A fourth regional program is expected to commence
during 1978 in the Southern Cone countries of South America
(Argentina, Brazil, Chile, Paraguay, Uruguay); and a fifth is
projected to begin during 1979 in North and West Africa
(Tunisia, Algeria, Libya, and Morocco) with services extending
to Sub-Sahara Africa).
In addition to the regions, national wheat programs
typically served to improve wheat research in local experiment
stations, to test experimental varieties on local farmers' fields,
to multiply seed for improved varieties, and to provide
additional training for local scientists. CIMMYT's assigned
staff in national programs share these activities.
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The following countries participated in cooperative
arrangements during 1977:
Start of
CIMMYT
CountfY._
arrangement
Pakistan
1965
Tunlsl
1968
Algeria
1971
epal
1976
CIM
T requires 'extra core
arrangement.

CIMMYT
Approllim te
as gned
wheat crop
Ita" 1977
~!L
Donor·
1
7.000,000
USAIDfFord
1
1,400,000
Ford
2
2,900,000
Ford
1
300,000
USAID
funds' for support of each nallonal

Participation by CIMMYT in each national program may
continue 10 years or more, subject to mutual agreement
among the cooperating country, the donor, and CIMMYT.

edlterranean and Mideast Region
Since 1973, a unique disease warning system has been
operating with cooperation of cereal growing countries
stretching from Morocco in the west to the Indian subcontinent in the east. North-South the region extends from
southern Europe to East Africa.
Two CIMMYT pathologists are assigned to the project, one
headquartered in Egypt, the other in Turkey, both ableto make
regular trips to monitor epidemic levels of wheat-barley
diseases and to cooperate with the International Center for
Agricultural Research in Dry Areas (ICARDA) atAleppo, Syria,
and Tabriz, Iran. The Project operates as follows:
International wheat-barley trials are distributed each year
as (1) a trap nursery, and (2) a disease and insect screening
nursery and other trials.
A trap nursery consists of small plots of the principal
commercial varieties of Wheat-barley grown in the region. This
trial is grown by cooperators in most countries of the region,
permitting observation by the pathologists of the diseases
which attack each variety, the extent of damage, and virulence
of the pathogen involved. If an existing commercial variety is
seriously damaged in the trial, early warnings can be issued to
the governments concerned that this variety will need
replacement in future years.
A disease screening nursery consists of small plots of
experimental lines of wheat-barley, gathered from national
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programs of the region and CIMMYT. These trials are likewise
exposed to the prevailing wheat-barley diseases. By
monitoring when the diseases strike, and the intensity of
attack, the pathologists are able to identify breeding materials
which carry strong resistance to each disease. This
information is distributed to cooperating governments. By
selecting resistant wheats in the "hot spots" (locations with
virulent forms of pathogen), the pathologists are probably
identifying multiple-gene resistance, and may thus help
produce future varieties with effective commercial life longer
than 5 years.
Testing is so widespread that it is possible to map the
movement of epidemics and even the newer races of
pathogens, as they cross national boundaries. Ultimately, it
may be possible to predict when a new race of rust will reach
certain countries of the region and thus warn the governments
when substitute varieties are urgently needed. More
information on weather systems is needed before prediction is
possible.
Laboratory identification of the races and virul ence of rust
is performed for this project by collaborators in Netherlands,
Yugoslavia, and Egypt.
Pathologists of this region work closely with the East
African program (below).

East African regional wheat program
Starting in 1976 CIMMYT assigned one wheat breeder to the
East African highlands. This operation is headquartered at the
Kenya National Plant Breeding Station, Njoro, elevation 2300
meters, about 200 kilometers northwest of Nairobi, near
l'Jakuru.
Fourteen countries of this region together produce more
than 1 million tons of wheat: Botswana, Burundi, Ethiopia,
Kenya, Lesotho, Madagascar, Malawi, Mozambique, Rwanda,
Somalia, Swaziland, Tanzania, Uganda, Zambia.
In 1977 this regional program held its first workshop at
Njoro for 23 wheat scientists from 12 African countries. The
workshop focused on the potential for triticale in the region.
In 1977 the first African Cooperative Wheat Yield Trial was
grown in replicated plots in 11 countries. A second trial will be
distributed in 1978.
The high altitude summer wheat nursery was grown at
Njoro station in 1977, approximately June-October, and the
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opportunity to gain an extra generation in research was utilized
by 10 nations; Cyprus, Egypt, Ethiopia, Greece, Iraq, Lebanon,
Pakistan, Spain, Tunisia, and Turkey.ICARDA also sent many
entries.
Thousands of cereal introductions were screened at Njoro
in 1977 for stripe rust and stem rust resistance. The screening
activity is conducted two cycles a year and results are notified
to CIMMYT, ICARDA, and national collaborators.
Visits by CIMMYT wheat scientists to national programs in
East Africa have speeded the reporting of data on the
nurseries, thus increasing the timeliness and useful ness of the
information to breeders.

Andean regional wheat program
Five countries of the Andean region (Bolivia, Colombia,
Ecuador, Peru, and Venezuela) produce 300,000 tons of wheat
a year, but import 2,000,000 tons of wheat and flour (FAD
Yearbooks, 1970-76).
These circumstances led CIMMYT to post one wheat
breeder to Ecuador in 1976 to work with national wheat
programs of the region. The Andean countries also produce
400,000 tons of barley per year, and import another 100,000
tons. Research on wheat and barley is generally conducted by
the same scientists.
In 1977 the Andean wheat program included: (1) an annual
workshop among wheat scientists of the region; (2) regional
nurseries grown by collaborators of the region, including a
regional disease and insect nursery similartothe early warning
system around the Mediterranean; (3) arranging additional
training for wheat scientists; and (4) consulting by CIMMYT
scientists.
During the decade 1966-77 CIMMYT provided one season
of training in Mexico to 25 young scientists from the Andean
countries, and 5 more were sent to Mexico in 1977.

Pakistan national wheat program
A CIMMYT wheat scientist was first posted to Pakistan in 1965,
and other staff members have served their intermittently,
including a wheat agronomist in 1978.
Wheat is the number 1 cereal crop in Pakistan, where the
population of 76.6 million (1978) is increasing 2.9 percent a
year.
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The CIMMYT training program has brought 33 young
Pakistani scientists to Mexico for one cropping season
including 3 in 1977. More than a dozen Pakistan wheat
scientists were sent to U.S. universities for advanced academ ic
studies. This body of trained manpower was the foundation of
subsequent progress.
The wheat program in Pakistan has released more than a
dozen new varieties during the past decade.
Duri ng this decade of collaboration, the average yield of
wheat in farmers' fields has risen by 50 percent.
High yielding wheat varieties are now sown on 63 percent
of Pakistan's wheat land and produce 78 percent of the wheat
grain. The amount of fertilizer applied to wheat has doubled in
the 1970's. Despite these gains Pakistan still Imports almost
one million tons of wheat this year.

Mike Pr"'cotr,
CIMMYT pathologist, discussing the
flat vest wilh d
Turkish farmer.
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Tunisia national wheat program
Tunisia imported as much as 400,000 tons of grain a year
during the first half ofthe 1970's, but reached approximate selfsufficiency in 1976 and 1977.
National population will pass 6.2 millions in 1978,
increasing at 2.5 percent a year.
CIMMYT wheat scientists were posted to Tunisia starting
in 1968, and during the past 10 years 23 young Tunisian
scientists have spent a cropping season in the Mexico training
program. Several Tunisians were sent to U.S. universities for
advanced degrees. From this young staff has come the
following progress:
(1) Several new bread wheat and durum varieties have
been released, together with recommended practices. The
production of bread wheat has doubled. The new varieties of
durum now cover 50 percent of durum land.
(2) A 2-year rotation of wheat and medicago (forage
legume) has been introduced from Australia and proven
adapted under local conditions, providing more grazing to
sheep than the previous 'weed fallow' between wheat crops.
(3) Limited work has been completed on barley and
triticale. More can be expected from these crops.
(4) These activities led to cereal crops of about 1.4 million
tons in 1976 and 1977, compared with 800,000 tons a decade
earlier. The gain can be credited partly to weather, partly to
national policies. and partly to excellent research. Tunisia was
the bread basket of the Roman Empire and it is again exporting
to Rome.
CIMMYT's 5 scientists posted in Tunisia in the late 1960's
were gradually reduced and the last resident scientist was
withdrawn in 1977.
CIMMYT staff will continue to pay short visits.

Algerian national cereals program
Algeria's population of 18.3 millions (1978) has been
increasing by 3.2 percent a year. Algeria experienced a decade
of food deficits prior to the mid-1970's; during this period grain
imports ranged from 0.7 to 1.7 million tons a year and the cost
of imported food rose as high as US$250 millions in one year.
In 1976 Algeria achieved an ali-time record harvest
estimated at 2.9 million tons, partly attributable to good
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weather, partly to good government policies, partly to good
research. In 1977 grain production was only about 1.5 million
tons. This was mainly due to severe drought and freezing
during critical crop phases.
Starting in 1971 CIMMYT assigned a team of wheat
scientists to collaborate with the Algerian national cereals
program. FAO and Caisse Centrale of France also lent
technical staff.
An ambitious training program during 1971-77 sent more
than 60 Algerians abroad, including 42 for in-service training at
CIMMYT-Mexico, and others for advanced academic study in
France, Australia, USA, UK, Yugoslavia, and Canada. By 1980 a
core of 15 postgraduate scientists are expected to be in place,
leading the research activities. The program emphasis is on
development of new high yielding varieties for durums and
bread wheats, and new production technology.
.
By 1977 the Algerian Government considered its biggest
problem to be the yield gap between the research station and
the farmers' fields - yields of three to six tons in experimental
plots compared to 0.8 to 1.8 tons in production fields. A
workshop between Algerian and CIMMYT scientists
recommended on-farm demonstrations to display to farmers
the needed production practices for seed bed preparation,
weed control, fertilizer strategies, and choice of variety. This
program is now underway in 1978.
Another workshop dealing with the role of pathology in
varietal improvement was held at Algiers in March 1977,
attended by 25 Algerian wheat scientists.

Nepal national wheat-maize program
CIMMYT assigned a wheat agronomist to Nepal for the period
1976-77. (Background information on Nepal's grain
production is given in the maize section of this report).
CIMMYT gave training in Mexico to seven young Nepali
wheat scientists during 1971-77, who now work on the staff
which tests the annual wheat and barley nurseries from
Mexico, conducts local breeding, and places trials on private
farmers' fields.
The CIMMYT wheat scientist in Nepal concluded his
assignment during 1977.
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Economic Studies
The Economics Group at CIMMYT participate in CIMMYT's
central objective - to help nations develop and disseminate
improved technology for maize and wheat. The economist
does this by working with biological scientists and policy
makers to make technology and policy more consistent with
the circumstances of farmers, by joining with CIMMYT maize
and wheat staff in their training programs, and by collaborating
with maize and wheat staff on special projects.

Technology adapted to farmers
Economists at CIMMYT believe that farmers' decisions are
dominated by three sets of forces - physical, biological and
economic. Other factors may impinge on farmers' decisions,
but their influence is usually minor compared with that.of the
three dominant factors. It follows, therefore. that a knowledge
of these three influences at the farmers' level must orient the
research of agricultural scientists, ifthe resulting technologies
are to be made acceptable to farmers. Given this concept,
economists at CIMMYT encourage collaborative research
between biological scientists and economists on the
circumstances of farmers and on markets which serve them.
The aim is to bring about close cooperation between the
biological scientists working on crops in national programs,
and indigenous economists in the same country. The biologist
can contribute his knowledge of agro-climatic factors
interacting with the crops at critical stages in plant
development. The economist can bring his sensitivity to
farmers' goals and constraints, his awareness of alternative
uses for farmers resources, and his concern for markets. The
economist also supplies knowledge of survey techniques, of
data analysis, and of policy issues important to national
programs.
The economist helps to organize surveys which are
designed to obtain information about why farmers manage
their enterprises the way they do, what compromises are
forced on farmers by their circumstances, and what are their
perceptions of factors limiting production. This information
helps identify major needs and opportunities within the
farming system.
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Several studies of this kind have been completed and
others are underway. In Egypt, for example, a survey showed
that few farmers use the planting practices recommended by
scientists. New trials have now been designed for use on
farmers' fields, to test side-by-side the farmers' planting
practices and those recommended by the scientists, to see the
effects of each upon yields and upon returns from other
practices being recommended.
Similarly in Ecuador, revised trials on private farm land
combine improved practices proposed by scientists with
representative practices used by farmers. Farmers, biological
scientists, and economists review the resulting crop. These
reviews guide future research on experiment stations and
serve to improve the practices chosen for testing.
Participating biologists have used the completed studies
to reshape their research, sometimes changing the thrust of
their earlier work, sometimes finding new opportunities for
collaboration with farmers. The find ings of these studies have
been incorporated into new technologies, and have been
referred to agricultural decision makers when policies are
brought into question.
Initially all CIMMYT economists working on these studi~s
were based in Mexico and travelled to developing countries. As
the number of studies increased, some economists were
posted to maize and wheat production regions outside Mexico,
where they are closer to national institutions.

Regional economists
The concept of regional economists was approved by CIMMYT
Trustees in 1975. By 1978 economists had been posted to four
regions.
The fi rst regional economist went to eastern Africa in 1976
with funding from UNDP. His work concentrated initially in
Kenya and Tanzania, where seven surveys combining national
crop staff and local economists had been undertaken through
1977. Studies in other countries of eastern Africa are being
discussed.
A second regional economist was posted in the Andean
Region in 1977 for cooperative work in Columbia, Ecuador,
Peru, and Bolivia. His initial work concentrated on floury maize
production systems, a dominant food crop in the highlands,
and on wheat, a secondary crop in that area. Six surveys were
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completed by 1977. In one study the importance of the maizepotato rotation led to a joint CIMMYT/CIP study.
A thi rd regional economist began work in Central America
in 1977 from his base at CIMMYT-Mexico. The first joint study
in this region was centered on Honduras. Other studies in this
region will follow.
.
The fourth regional economist is stationed in Asia, starting
in 1978, and is focusing his work on Pakistan, northern India,
Nepal, Bangladesh, and Thailand.
In each regional program, the CIMMYT economist finds
biological collaborators in the national crop programs, while
collaborating economists are found in a variety of institutions,
mostly schools of agriculture. One national crop program in
East Africa decided to add a substantial economics section to
its crop work, after a year's experience with collaborative
research.
CIMMYT is preparing a manual to assist those engaged in
joint efforts between crop scientist and economists.

Training
The Economics Group participates in the training of
agriculturalists in three ways - by working with CIMMYT
wheat and maize training programs in Mexico, by helping
regional programs in their special training sessions, and, more
generally, by preparing materials of special interest to
agronomists. The aim is to bring to the attention of
agriculturalists the dominant forces in farmers' decision
making. These forces - physical, biological, and economiccan then be integrated into the research plans and into
recommendations and demonstrations for farmers.
Training also demonstrates how to gather data on what
farmers are doing, on what is happening in the markets, and
evaluating data from the farmer's view point. We take the
trainee to grain markets, to fertilizer supply centers, to credit
agencies. The emphasis is on learning more about the
environment in which the farmer makes his decisions.

National program reviews
In 1977 national officials of Algeria and Tunisia invited
CIMMYT to offer suggestions on ways in which their wheat
production could be expanded faster. CIMMYT scientists had
been collaborating in Algeria for seven years and in Tunisia for
nine years, concentrating on varietal improvement and
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agronomic practices. National officials asked CIMMYT to
examine their entire wheat economy.
CIMMYT biological scientists and economists jointly
prepared background papers, participated in a workshop on
each country, and prepared recommendations to national
officials.
The experience suggested new ways for collaboration
with national programs and for collaboration within CIMMYT.

Seminars involving senior agricultural
policy makers
During 1977 CIMMYT Trustees asked the staff to begin a new
activity - organizing a series of seminars among agricultural
policy makers from developing countries.
The reasoning behind this initiative was: (1) improved
technology for maize and wheat has proved to be only one
factor in raising food production; (2) sound agricultural
policies are equally important in assisting farmers; (3) policy
makers can exchange experiences on decision making if given
opportunity to meet together; and (4) CIMMYT is an
appropriate institution to sponsor gatherings among policy
makers.
Following this thought, the Trustees approved a 3-year
project in which the first year (1978) would be devoted to the
preparation of case studies, and the remaining two years to
seminars bringing together senior agricultural policy makers
- about three seminars a year, each lasting 2-3 weeks, each
with 30-35 participants. Majorthemesofthe seminars would be
the critical importance of farmer circumstances and of
technical relationships in policies relating to the development
and diffusion of new technology.
For pu rposes of these seminars agricultural policy makers
are described as public officials below the rank of vice-minister
and in positions of leadership for crop research, agricultural
extension, agricultural credit, input supply and subsidy, price
support and storage programs, and other public policy areas
which influence the diffusion of new agricultural technology.
Since many of these decisions are made outside of Ministries
of Agriculture, participants will come from a broad range of
Ministries.
CIMMYT Economics Group was asked to provide
leadership in this project, to enlist the skills of outside
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specialists in case studies, and to involve the CIMMYT maize
and wheat staffs as appropriate. Other centers have been
asked to share in the planning and presentation of the
seminars.
At the end of th ree years the Trustees wi II evaluate whether
the seminars should continue in their initial form, and whether
CIMMYT is still the appropriate sponsor for the seminars.

Predoctoral fellows in economics
During 1977 two doctoral candidates working at CIMMYT
completed dissertations. One thesis concentrated on yield
losses in maize caused by diseases and pests and indicated
how these losses might influence the strategy of the maize
breeder. The second dealt with farmer response to alternative
maize markets in the lowland tropics of Mexico. Two addition al
thesis efforts are being sponsored in 1978.

Don WlnkJemann,
head of CIMMYT's

~t~~~~Z~J~t~~~[H~~~i~~~

examines maize
Economics
group,
qualirv
in Zairian
market
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Laboratory Services
CIMMYT maintains laboratories which perform central
services for all crop programs.

Protein quality laboratory
The Protein Quality Laboratory analyzed approximately 23,000
samples of grain in 1977, of which about 75% were maize, 15%
triticale, 6% wheat and 4% barley.
In maize, the laboratory analyzes most samples for total
protein and for the amino acid tryptophan. Micro-Kjetdahl and
colorimetric procedures are employed to obtain these two
measurements in the endosperm protein. Since lysine content
is highly correlated with tryptophan level, lysine levels are
measured only for the samples which have already been found
to have outstanding tryptophan content. This saves time and
cost.
In 1977 the dye binding capacity method (DBC) was used
to measure protein quality in 900 whole kernel maize samples
from advanced lines.
For floury maize from the Andean region, the ninhydrin
(chemical) test is used to determine the level of free amino
acids as a means of selecting those with higher lysine content.
In samples of triticale, wheat, and barley, total protein
(nitrogen content) and protein quality (DBC procedure) are
analyzed. For the most promising 1450 of these, lysine was
measured more accurately by the ion exchange
chromatography procedure.
Complete amino acid analysis was performed on only.24
outstanding samples from all the programs.
The above work assists the crop scientists in selecting the
best seeds for further crossing, and in rejecting inferior
materials.

Biological evaluation
CI MMYT no longer maintains an animal feeding laboratory but
contracts with outside organizations for biological feeding
trials. In 1977 the most promising six triticales and seven corns
were tested using animals at the Mexican National Institute of
Animal Research and the Danish Agricultural Experimental
Laboratory.
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Training and consulting
During 1977 protein laboratory technicians from five countries
received training in the CIMMYT protein laboratory in Mexico
(Ecuador 1, Pakistan 1, Peru 1, Philippines 1, and Thailand 1).
CIMMYT biochemists visited protein laboratories in three
developing countries (Egypt, Ecuador, and Guatemala) to
advise on testing procedures and equipment In this way
CIMMYT keeps in touch with network of laboratori s.

Soil and plant nutrition laboratory
This laboratory ran tests in 1977 n more than 10,000 samples
of soil, water and plant materials submitted by CIMMYT
program units.
Included were 3458 soil samples studied for pH, organic
matter, nitrogen, calcium, magnesium, potassium,
phosphorus, micro-elements, nitrates, electric conductivity or
cation exchange capacity. Most of the studies served as
background for fertilizer trials. The work was requested by
CIMMYT program units in Agronomy, Physiology, Experiment
Stations, and Training.
Thirteen samples of irrigation water were analyzed for
oluble salts, sodium, and boron.
The plant nutrition side of the laboratory studied 6802
samples of vegetal tiss e and grain. Most measurements were
for nitrogen, to determine the uptake of ferti lizer; or for sugars,
to determine the yiel limiting factors in crop varieties.

The Soil and Plant
Nutrition Laboratorv
ran tests on more
than 10,000 samples
of soil, water. and
plant materials
sUbmitted bV
CIMMYT program
units.
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E periment Station Management
CIMMYT has conducted research at seven stations in Mexico
during 1977 and 1978. Three are under Mexico's National
Agricultural Research Institute (INIA). and four under
CIMMYT. Some characteristics of these stations:
latlon
CIANO·INIA
Lo Mochls-INIA
Ala Bravo-INIA
EJ Batan-CIMMYT
Toluca-CIMMYT
Poza Rlca-CIMMYT
Ttaltlzapan-CIMMYT

Elev lion

39
40
30
.2240
2640
80
940

m
m
m
m
m

m
m

~lItude

27°
26°
28°
19°
19°
20°
18°

N
N
N
N
N
N
N

Heclares used by
CIMMYT
165
2
1

66
6i

42 (twice. year)
31

(twice a y ar)

The four stations operated by CIMMYT are fully
developed, with land fenced, levelled, provided with field
roads, equipped with drainage and irrigation facilities, and
crop buildings.
El Batan station is testing new herbicides to identify
chemicals compatible with both maize and wheat, because
some herbicides previously applied to maize do not allow
rotation of land with wheat.
At Toluca station a shortage of irrigation water has been
corrected with a deep well. A new drainage and Irrigation
scheme is being implemented.
At Poza Rica station, a flood control wall along the Poza
Rica river was build after a flood in 1975, and further reinforced
during 1977.

Training and consulting
Since 1973, persons interested in experiment stations
management from 24 countries have received training at
CIMMYT's stations in Mexico for periods of two weeks to six
months. During 1977, 43 training participants came from:
Bangladesh 1, Costa Rica 2, Egypt 2, Kenya 1. Tunis 1, Pakistan
3, Yemen 1. Honduras 3, Mexic07, Syria4, Colombia 4, Zaire2,
Tanzania 2, India 1, Guatemala 2, Caribbean countries 7.
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The Head of CIMMYT's experiment stations spends a
period each year as consultant to national programs, which in
1977 included a month and a half in Egypt, Honduras, Kenya,
and Tanzania. Training and consultation in station
management has so increased in volume that CIMMYT added a
Training Officer for this purpose at EI Batan in 1977.

Stati sti cal Services
Services of the statistical unit expanded greatly in 1977-78.
For the first time the international yield nurseries of the
wheat program were analyzed within CIMMYT on its own
computer equipment, using computer programs developed at
the University of Colorado. With minor alterations, these
nurseries can now be handled satisfactorily.
CIMMYT staff developed a series of computer programs
for summarizing the wheat screening nurseries, which are
unreplicated observation trials with more than 300 entries, and
scores of testing sites.
Maize international trials have been analyzed in-house for
several years and continued to be printed directly from the
computer in 1977. An improved "filter" system now examines
maize field data for improbable values.
An inventory of the seed in CIMMYT's maize germ plasm
bank has been placed on the Nova computer, and is
undergoing trial. In operation, this will simplify the task of
managing the bank, preparing invoices for seed shipments,
and preparing reports.
The Statistical Unit found more time in 1977 to give service
to a wide range of users in design and analysis of field
experiments. Many wheat variety trials and maize protein trials
were analyzed by machine for the first time. Several trials from
CIMMYT outreach program were also processed by the
statisticians at EI Batan.

Information Services
Fifteen new titles were published during 1977. In addition, the
general information booklet, This is CIMMYT, was revised and
reissued. Most bulletins. reports, and reprints were published
in two languages (English and Spanish).
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Publications Issued by CIMMYT 1977
Title

Language

Pages

Press Run

Wheat

Results of the 7th International Durum
Screening Nursery

E-S-F •

16

1,000

Field manual of common wheat
diseases and pests

English
Spanish

68
68

7,500
7,500

Grain production potentials in
developing countries:
World implications

English

68

500

A second look at the Green Revolution

English

76

500

Genealogies of 14,000 wheat varieties

English

119

2,000

Maize

Maize training in the International
Maize and Wheat Improvement Center

English

4

517

CIMMYT 1975 Maize Improvement

English

64

2.000

Maize improvement: A multidisciplinary approach

English
Spanish

4
4

500
1,100

Current status of plant resources
and utilization

Spanish

5

1,000

Maize production patterns in
southern Zaire

English

12

1.000

Notes on the role of rural Pakistani
women in farming in the northwest
frontier province

English

4

1,000

English
Spanish

32
32

10.000
5.000

CIMMYT Review 1977

English

99

6,240

CIMMYT Today: Turkey's wheat
research and training project

English
Spanish

20
20

5.250
4,800

English

102

2,000

Economics

Admlnistrallon

This is CIMMYT

Miscellaneous

Soils derived from Volcanic Ash
in Japan
• English, Spanish and French
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The serial, CIMMYT Today, continued with one issue
published during the year. Articles in CIMMYT Today treat
broad aspects of CIMMYT's activities for the informed layman.
The Commonwealth Agricultural Bureau (UK) issued on
behalf of CIMMYT, Volume 3 of the Maize Quality Protein
Abstracts, and Volume 3 of Triticale Abstracts. About 650
maize scientists receive MQPA and about 400 scientists
receive TA.

Mailing list
CIMMYT's general mailing list for publications now contains
4600 addresses classified by interest: 25 percent wheat
specialists, 25 percent maize specialists, 38 percent general
agriculturalists and 12 percent libraries; by language: half
English and half Spanish; by geographic area: 8 percent
Europe, 42 percent Latin America, 25 percent North America, 8
percent Africa, 27 percent Asia and Oceania.
A separate mailing list is maintained for economics
publications.

Audio visuals
The permanent exhibit in the administration building
continues to grow; new displays were added in 1977. The
exhibit depicts CIMMYT's activities in increasing world food
supply. The audiovisual section continued its support of the
crop programs with art work, photography, and a film archive.

Visitors service
In 1977 over 9,000 visitors from 60 countries were registered at
CIMMYT headquarters, individually or in groups. Many others
visited CIMMYT research stations away from EI Batan , where
no records are kept. A number of busloads of visitors were sent
to EI Batan by agribusiness in the U.S. The Visitors Service
gives these tour groups a slide lecture and brief walking tour of
the headquarters.

Library services
CIMMYT's small working library (3360 volumes, 762 serials)
continued to offer services to the headquarters staff,
postdoctoral fellows, and 100 training fellows. There were 4600
individual visits to the library in 1977. The library also serves as
liaison with Mexico's National Agricultural Library (73,000
volumes, 1,400 serials) which is located 10 km from CIMMYT.
125

Special Report:
Leaf Rust Epidemic in Mexico 1977
A severe epidemic of leaf rust (Puccinia recondita) affected
commercial fields of the bread wheat variety Jupateco 73 in
northwestern Mexico during the winter season 1976-1977. This
was the first severe rust epidemic in Mexico since the 1950's,
and provided some lessons on rust control both for the
Government of Mexico and for CIMMYT.
Leaf rust is endemic in the Mexican northwest states where
about 70% of the Mexican wheat crop is produced on 350,000
hectares of irrigated land.
In most years first symptoms of leaf rust appear on
susceptible varieties in early March and the peak of the
infection is reached 4 to 5 weeks later, about the first week of
April. Crop losses from leaf rust were slight during years
preceding the 1977 epidemic.
In 1977 leaf rust appeared in January in Sonora State.
CIMMYT pathologists were invited by the Mexican Ministry of
Agriculture and Water Resources to participate in an
emergency rust survey of the northwest. All commercial fields
of the variety Jupateco 73 were found to be attacked by leaf
rust, whereas fields of the variety Torim 73, interspersed
among the fields of Jupateco, were resistant. Both Jupateco 73
and Torim 73 are varieties bred by CIMMYT-INIA.
Around Huatabampo, a town in Sonora State 50 kilometers
south of Cd. Obregon, the infection on Jupateco 73 reached an
infection rate of 70S over large planted areas (the rating 70S
means that fungus covered 70% of the leaf area of the plant
which it is possi ble to cover with susceptible pustules). Around
Cd. Obregon and toward the coast, 20 kilometers from
Obregon, the infection level varied according to the planting
date of the crop. But invariably Jupateco 73 was infected.
In the valley of EI Carrizo, 200 kilometers south of Cd.
Obregon, the infection was even worse, because of the earlier
planting of wheat and more humid environment. The attack at
EI Carrizo indicated that rust was widely present in December
1976, and had increased massively on the early commercial
crops. Leaf rust may cause 80-100 percent loss of yield when
young plants are attacked before the boot stage.
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The survey concluded that a series of interacting factors in
1976-77 had caused the epidemic:
(1) 70% of the wheat area was planted with a single variety,
Jupateco 73. Since its release in 1973 Jupateco showed
resistant reactions in most plants, segregating to rare plants
which had susceptible reactions. Thus, virulent biotypesofthe
fungus were known to be present as early as 1973 and
increased their prevalence in subsequent years. New races of a
fungus do not "explode" from one season to the next, but build
up gradually.
(2) Because water in the nearby irrigation reservoi rs was at
a record low level in 1976-77 due to several years of drought,
the cropping area in the summer of 1976 had been reduced to a
minimum. Land preparation after the wheat harvest in the
spring of 1976 was postponed or done poorly, and numerous
volunteer wheat plants grew from residual moisture. These
"wild" wheats carried active inoculum throughout the 1976
summer within the commercial cropping area.
(3) Farmers in Huatabampo and along the coast took
advantage of the rains of hurricane Liza (September 1976) and
planted wheat immediately. The gap between the wheat
harvest in May 1976 and the normal recommended dates for
planting (November 15 to December 15) was thus reduced by
almost 2 months. These early plantings received inoculum
from the vol unteer plants and developed severe rust symptom s
at tillering.
(4) Late plantings, up until January 20, 1977 were also
common in the area as a consequence of problems in land
tenure at the end of 1976. The potential damage of the
epidemic increased ,with these late plantings, in view of the
massive amounts of inoculum already present, and the
heightened susceptibility of Jupateco 73 at tillering stage and
earlier.
(5) Mild temperatures and abundant moisture through the
autumn of 1976 favored the production of several generations
of infective spores. Thereafter inoculum increased rapidly on
the early wheat plantings.
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To minimiZe losses from leaf rust, the Agency for
Agriculture in Cd. Obregon adopted several measures of
control in 1977:
(a) A prompt survey of farmers fields was made to assess
the extent of the epidemic and the stage of development of
wheat plantings.
(b) Fields with advanced rust at boot stage, or earlier, were
plowed under and planted to safflower. Some 15,000 hectares
of wheat were destroyed for this reason at Huatabampo.
(c) In mid-February, fungicidal spraying of the epidemic
area was carried out, with emphasis on protecting late
plantings. Two fungicides were recommended in spite of the
limited experimental evidence for their effectiveness in the
northwest area: Indar 70LC and Bayleton 25WP. Both are
systemic fungicides and offer some eradicative properties.
They protect the plants up to approximately 40 and 25 days
respectively. Indar is highly specific against leaf rust, and
Bayleton controls a wider spectrum of pathogens including
leaf rust.
Some observations can be drawn from the results of this
spray campaign:
. Farmers in EI Carrizo, where no fungicides were applied,
obtained low yields of 800 kg/ha or less of poorly filled grain.
In Yaqui Valley the sprayed plots yielded over 5 tons/ha
which is significantly higher than the non-sprayed plots in 1977
experiments performed on a semi-commercial scale. It was
generally observed that protected younger crops offered
higher yields than those which were planted earlier, hence
were more advanced and more rusted atthetime of spraying.
Exact figures on grain saved as a result of the spraying
campaign will be difficult to obtain due to the diverse dates of
planting, but there is no doubt that systemic chemical
fungicides were successful in controlling the epidemic of leaf
rust. "Control" here means diminished yield losses, not
eradication of the disease.
Looking ahead, measures other than fungicides were
suggested to avoid repetition of the 1977 epidemic: timely
plantings, control of volunteer wheats, intensive studieson the
fungus virulence, ensuring availability of seed of new varieties,
and some sort of legislation to restrict the planting of a single
genotype.
Santiago Fuentes
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Table 1.

Euimaled area of high yielding vmeal varlCII... grown in 24
developing edunule;. 1976-77 (July·June).

R"-gion and country
South Asia
Bangladesh
India
Nepal
Pakishn
Sub-total, 4 coumBOS
Mideast
Afghanistan
Algen.
Cypr\1S
EgYPI

'ran
Ubonon
Morocco
Saudi Arabia
Tunisia
Turkey
Sub-total, 10 counlries

Tropical Af,ica
I<l!nya
igeria

Rhod..ia
Sudan
Sub-tolal, 4 count,i..

lalin America
Argenuna
BraZil

Chile
GunlOmala
Mexico

Peru
Sub-lolal, 6 countries

Total. 24 countries

Sources:

(I)

(2)
(3)
Footnotes:

1/

1976-77
Ht!cta
In HYV
Wheal'

116,600
14,696.000
254,200
4,606,000
19,672,800

1976-77
Total
Hootares
in heal

1976-77
Percentage
of heetares ill
HYV wh.al

160,000
20,454,000
346,000
6,111,000
27,073,000

73%
72'K,
73%
75'J\,
73%

770,000
3,000,000
400,000
2,150,000
29,000
65,000
125,500
566.000
150,000
5,000,000
26,000
60,000
1,921,000
300,000
33,400
57,000
228,400
1.050,000
1,300,000
6,600,000
4,400,000 22,469,000
(roundadl 2

26~,

23,300
3,200
15,000
150,500
225,000
(rounded}2

120,000
5,000
28,000
200,000
353,000

2,9ll0,OOO
6,428,000
650,000
3,614,000
193,000
628,000
35,000
48,000
885,000
785,000
1,000
140,000
5,100,000 11,753,000
1rounded)2
29,397,000

51,668,OOll

19%
45%
21%
3~

41%

15%
59%
22%
~
20'!'

19%

64%
54%
75%
54')1',

45%
18%
31%
73%
89%

.J1!>
43%

48%

Hectar., of HYV wheat from Dalrymple.
TOlal wheal hecler.s from USDA Circular FG 8·78,
May 17, 1978.
Percen ga. extrapolated.
Although hectares of HYV wheat for crop yeor 1976·
77 are used wtum available, da!a from nearest al/aHa-

2/
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able year are ,ubstituted when nee nry.
Sub-lolalS for M,d.""I, Tropical AfriC>! and LGtln America under column for HYV hecta.... were rounded by
author to adjust for uncertain data.

Table 1 summarizes HYV wheat performance in 1976-77 as reported
to Dalrymple. Seven nations are identified as now using HYV to
plant more than 70 per cent of their total wheat crop; these are:
Mexico 89 percent, Pakistan 75 percent, Sudan 75 percent, Bangladesh
73 percent, Nepal 73 percent, Guatemala 73 percent, India 72 percent.
If 'comparison is made for greatest number of hectares, India and
Pakistan lead the world with 14.7 and 4.6 million hectares, respectively.

The 12-year adoption pattern:
The year-by-year increase since 1965 of the HYV of wheat cannot be
measured for all 24 countries. Data are not adequate. But such a
record i complete for the four South Asian countries in the survey,
and the Asian experience may be indicative for other countries.
Table 2 shows the 12'year adopti n record for wheat in four Asian
countries. The HYV continued to spread on a straight line projection
more or less. through the first decade, then began to slow down.

Table 2. Esflmil
spre-ad,ng of hibt1 vl-=Iding wh.. l.\o
In South kd. 19£5-77, as it peorr..eng;cte of lotal who\
II"! aKh ol;OlJnLr....

ll!nrnld..h --lm!!L-~~
Year OOOh.
00010. % OOOh.
OOOh. 'II.
1
6566
3
1
5
66-67
540 4
6
101
2
5
67 8
24 13
957 IS
2942 20
7
4792 30
68-69
:.:J 2.6 2387 38
8
611-70
7
5004 30
7S 34 1681 OJ
9
70·71
13
12
98 43 3128 52
6542 36
12
71-72
IS
7868 41
lIS 52 3286 57
18 10007 51
72-73 21
170 66 3375 5Ii
73·74 2.9
23 10911 67
206 76 3472 69
74-75 33
23 11778 62
246 85 3682 62
71
13458 70
75-76 108
234 76 4016 69
76·)7 116
73 14696 72
254 76 4606 75

".

Soura!$:

III Hoc••,.. 01 HYV lrom Ollrymplo.
121 TOlar ~ecto"'s 01 wh.... from U.S.
p~nmi&t'l of AgrIculture
(3) Percem.ge ex.rraJXllatMJ

o.
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What is average yield increase from the HYV package?
Average yields of high yielding wheats showed their greatest increase
over traditional wheats in the early years of adoption, when some of
the best land, best irrigation, and most enterprising farmers were involved. But as the proportion of total wheat land planted to the new
varieties increased, average yield increase declined.
For example, in India the high-yielding package outproduced the
traditional varieties by 200 percent during 1965-70 (roughly 2400 kg/ha
compared to 800 kg/hal. But at the end of eight years, the increase
had dropped to 125 percent, and was still declining as the planted
area grew. This was predictable.
Another study of both India and Pakistan concluded that national
average yields of wheat rose 50 percent in the two countries between
1966 and 1973. This covered both HYV and traditional varieties.
By 1974, Dr. Dana Dalrymple concluded that high yielding wheats
were outproducing traditional wheats, across many countries, by a
factor of 1.50 (that is, one hectare of HYV package was yielding 1.5
times the yield of traditional wheats).
This conservative figure will be used later in this paper for calculating
impact.

What is the impact of HYV wheat package?
Before answering this question it is necessary to restate the process
of the agricultural revolution that began with the use of the high
yielding cereals in the 1960's.
Impact of a "package" involves not only the wheat varieties themselves but the production practices which have accompanied the
varieties, and the improved national services which were stimulated by
the varieties. These factors will be examined here as a single impact.
The new wheat varieties, it is now recognized, are more efficient in the
use of water and fertilizer, thus making it more profitable for the
farmer to install a tubewell or apply fertilizer and herbicide, or expand
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his hectares of wheat. Similarly it is more productive for a government
to provide a larger supply of agricultural chemicals or a support price
for wheat.
Therefore, let it be clear that the changes in wheat production, described
here, were achieved by 24 national wheat programs, supported by a
network of wheat scientists, world-wide, in which CIMMYT played a
part, but only one part.
Conceived in this manner, the impact of the high yielding wheat package
can be measured in several ways, none of them very precise.

Measuring impact.
(1) The 24 developing countries in the Dalrymple study increased
their annual wheat production from 45 to 86 million metric tons during
the period covered by the Dalrymple study (see Table 3). This calculation uses 1961-65 average annual wheat production in 24 countries
as the base period, and the year 1976-77 as the terminal year. In
other words, annual wheat production in the 24 countries had increased
by 41 million metric tons at the end of the period.

(2) The 41 million tons of wheat could provide the carbohydrates for a
diet to feed 250 million people in developing countries for one year.
The calculation is based on three premises: (a) that a kilogram of wheat
contains 3300 calories; (b) that people in developing countries now
consume 2200 calories per day; and (c) two-thirds of this average diet,
or about 1500 calories, consists of cereals or tubers.
(31 Not all the 41 million tons of added wheat can be attributed to
the HYV package. We lack precise harvest data on the HYV package,
but there are several methods by which we can approximate the production.
(a) First, we can use land areas planted in wheat. Table 1 shows
48 percent of wheat in the 24 countries in 1976-77 was planted with
the HYV package, at least 48 percent of the harvest is attributable
to the HYV package (48 percent of 41 million tons = 19.9 million
tons). That is a very conservative estimate, because it assumes that
the yield per hectare of the HYV package and the traditional package
were the same.
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Table 3.
Wheat performllllC:e In 24 dtlvtllcp(ng countries which introduCfld the high-yielding
vvIleat packagcduring tht: t'M!llve yeall. 196577.

Area of wheat
ProduCtIQrl at whUI
Y1"rQ gr whe.-,'
(Hoc",,,, 1000t1
ITons 1000,)
IKfJos Ihecl~r I
61·65 76-77 IncreMc 6165 76.77 Inc~~ 61·65
76·77 Int:n!lm~
Ae~ion

& Country

(A,e,}.

IA••,.)

IA\<er.1

60
160
13,402 20,464
348
109
49114 ~
18,555 27,(173

48%

609 1,630
635 1,410
1,236 1,040
1,420
839 1,410

68'lt

37
260
11,191 26,846
135
362
~ 8,690
15,516 31l.158

17~

951
636
908
2,621
802
939
847
1,520
494
1,079
962

980
930
1,000
3,360
1,100
670
1.130
3,600
810
.1510
1.276

33~,

2,202 2,940
1,254 2,000
63
65
1,459 1,970
2,873 5,500
64
40
1,336 2,135
143
~O5
495
850
8,565 E..QQQ.
18,494 28,705

120
5
26
200
353

1,183
2,690
2,170
1,308
158'Y, 1,264

1,500
1,400
3,040
1,510
1,652

6,428

1,534
707
1,437
879
2.065
962
1,479

1,710
830
1,940
900
3,790
.1Q60
1,590

968 1,396

South Asia

ean911ldooh
India
Nepal
Pakinan
Sub-total

Mideast
Afgheni\tiln
Algeria
Gyprus

Egypt

I",n

Lebanon
Morocco
$J.udi Arl!lbia

2,321
i.971
69
557
3,580
68
1,5'18
94

1,002

3,000
2,150
65
586
5,000
60
1,921
57
1,050

Tunisi3
Turkey

~ -.MQQ

Sub-tocal

19,199 22,469

Tropical Africa
Kenya
Nigelfa

103
6
1

Rhodeli'

---11..

Soden

137

Sub-tolal

Latin America
Argenlina
Bruil
~ilt

GuatemJI6
Mexico

Po,u

4,9Hi
812
753
35
802

-m

3.62A

628
48
885

~ ~
7,471 11.753

57~

TOll!, 24 counttiu 45,362 01.666

37~;.

Sub tot.al

SotJlces.. {I) A. •• ,nd p,

29%

122
16
2
__
36_

..1!!.L

176

573

146"!f,

55~,

180
7
6S

226'li'.

8:

7,541 11,000
674 3,000
1.082 1,21
43
31
1,672 3,350
--liQ. ......ill.
11,060 18760

71'>i,

44'

45,216 86,195

91')(,

UCIIOfl for 1961 65 '(om FAO P!od~ICljo.n Ye,ijrlJOQk
{2J ArM 3M ptOduC1i~n for 1976-77 c;rap yut tJulyJulle) Iram U.S Otrpat,m nt 01 Ago
cutture. Foreign Agr1ccltufi)1 Ci.rcular FG 8--78, Mav 17, 1978.
(3) Yic1d5 c>.tr8polaTed from It@a and production.
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(b) A second method compares countries which used the HYV
package and those that did not. For thi~ tests we chose six
developing countries each of which grew an average of 800,000
hectares of wheat in 1976-77, and did not report significant use
of the HYV package. These six countries increased their wheat
production by 35 percent between 1961-65 (base line) and 1976-77
(test year!. We assume that the same 35 percent improvement could
have occurred in Dalrymple's 24 countries in the absence of the
HYV package. Therefore we attribute the other 65 percent of
wheat improvement to the HYV package. That equals 26.7 million
tons increase attributable to the HYV package for the test year.
These approaches, (a) and (b), give different answers of ascending
magnitude -19.9 million and 26.7 million tons of wheat. Both answers
are highly creditable to the HYV package. The average of the answers
is about 23.3 million tons.
How much is the increased wheat worth?
If the 24 developing countries had imported the additional wheat
instead of producing it with the high yielding package, they w~uld have
spent about US$3.3 billions in foreign exchange on additional grain
imports in the single year 1976-77. This calculation is based on a price of
$140 a ton, the average price of U.S. and Canadian wheats moving in international trade, CI F Amsterdam, during 1976-77.
The estimate of US$3.3 billion is not, of course, a net saving. The
farmers in these 24 countries incurred expense for seed, fertilizer and
machinery and added their own labor. Nevertheless, the net savings to
the 24 countries obviously runs to hundreds of millions of dollars per
year.
What about the future?
The number of future adopters for HYV will slow down in India
and Pakistan and any country where HYV are already planted on
50-90 percent of total wheat land. This does not mean a slowdown
of benefits fro in the high-yielding package. Benefits will not only
continue, but probably grow.
Take Mexico for example. The planting of HYV of wheat in Mexico
increased to 90 percent of total wheat land in the 1960s and remained at about 90 percent during the 1970s. Yet Mexico's average
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yield of wheat per hectare continued to climb in the 19705 as better
varieties, better production practices (especially more fertilizer), and
better government services were introduced in the 19705. Here is
how the Mexican yields of wheat appear in the FAD Production
Yearbook:
Average Yields in Mexico
1961-652085 kg/ha
1966-70 2683
1971-753246
1976
4202
Mexico doubled its average wheat yield in the 19705, after already
doubling its average yield in the 1960s. Clearly, when a country
adopts its first generation of HYV wheat, the process of rising yield
is only beginning. It is the aim of each national wheat program and
the network of wheat scientists world-wide to ensure that the
benefits continue to mount.
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1977 CIMMYT INCOME AND EXPENDITURES
(Except from CIMMYT Auditors Report 1977)
Thousand US$
Core unrestricted incame.. . . . . . •
8,568
1,048
Canadian International Development Agency
179
Denmark . . . . . . .
437
Federal Republic of Germany
350
Ford Foundation. . . . .
2,620
Inter-American Development Bank .
150
International Bank for Reconstruction and Development
350
Iran . . . . . . .
400
Rockefeller Foundation
150
Saudi Arabia . . . .
284
United Kingdom. . .
U.S. Agency for International Development
2,600
Core restricted income. . . • • • •
Canadian International Development Agency
Andean Region and East Africa
Federal Republic of Germany
Collaborative Research
Japan
Wheat Pathology
Netherlands
Wheat Disease Surveillance
Swi tzerl and
. . . . .
Central American and Caribbean Maize
UN. Development Programme
Quality Protein Maize and East Africa Economics
Unexpended balance from previous year . . . .

2,734

Extra core grants and cooperating projects incame .
Canadian International Development Agency
Peru
Federal Republic of Germany
Training and other
Ford Foundation. . . . .
Projects in North Africa, Pakistan and miscellaneous
training
Inter·American Development Bank - Training . .
International Development Research Centre. . .
Triticale Abstracts and ICRISAT Sorghum Project
International Potato Center . . . . . . . .
Regional Research
Norwegian Agency for International Development.
Training
Rockefeller Foundation - Turkey . . . . . .
U.S. Agency for International Development. . .
Projects in Nepal, Pakistan, Guatemala. Tanzania,
Zaire and miscellaneous training
Zaire Government . . . . .
National Maize Project
Training and other miscellanous grants.
Unexpended balance from previous year
Earned Income (not included elsewhere)
Total income

1,304
18

533
36

150
219
154
1,490

152

79
330

40
42

69
29

8
441

151

78
19
100

12,706

137

Thousand lJS$
10,027
2,204
1,995
336
381
1,053
134
1,149
386
1,020
1,059
267
43

Core opereting expenses
Wheat Program
Maize Program
Economics . .
Laboratory services
Experiment station operations
Statistical serviCllS
Conferences and Training
Information services .
Administration
General operations
Capital acquisitions
TACreview
Extra core grant and cooperating project expenses .
Additions to working capital and resarves .

462

TOTAL APPLICATION OF FUNDS, 1977

11,637

Funds to be applied to 1978 core restricted expenses .
Other funds retained for future application
TOTAL APPLICATION OF FUNDS

138

1,148

.

.

18

1,051
12,706

Se dio t~rmino a la impresi6n de este libro el 28 de agosto de 1978 en los
talleres de Ediciones Las Amllricas. Tiro: 7,500 ejemplares.
Impreso en M~xico.
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Location and elevations of experiment stations in MeKico at
which CIMMYT conducts research (. stations of the Instituto
Nacional de Investigaciones Agricolas)
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