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THE DIRECTOR GENERAL'S OVERVIEW,

Hwoe protile CIMATYT history in a diagram, we cannot chart a smooth upward-moving
line, rather we see g sertes of steps - each step reflecting a new situation, new problems,
HeW cpportunities, and sometimes pew leadership chosen for the roacd aheadl.

I 1978, CIMMY T reaches another of those: steps,

At the close of the year, CIMMY T’ leadership will be taken up by a 48-year-old agri-
ctlturad cdmingstrator, Robert D, Havener., The new Director britgs to CIMMYT a mijx of
experience suited to the nocds of CIMMYT in the 1980°s. Havener grew uip as a farmboy
i the US. carn belt in the depression years of the 1930°s,; he earned B.S. and M.S. de.
grees i agricalture and veonomics from Qhio State University,; he served in the ex tension
service gid as manager of an agricultural cooperative in his home state, then moved into
ancinter stional carcer. For four yedars he was advisor to the distinguisheod Rural Develop-
ment Academy at Connlla, Bangladesh,: then six years as advisor on aqricultural research
andd dovelopment projects in Pakistan, then head of the Arid Lands Development Progran
TALAD] at Beirut. Uader Havenie's creative leadership, ALAD services spread to 20
countries i the Mideast, North Africa, and tropical eastern Africa. Havener was desiq-
nated executive orricer to organize CIMM YT's sister institute, ICARDA flatornational
Center for Agricultural Resvarch in Dry Areas).

Next, taking leave from Asia, Havoner earned the degree of Mastor of Public Adminis-
tration ot Harvard University, then joined the New York staff of the Ford Foundation,
stll responsible for ayricaltural projects in developing countries, 1n New York he served
with Foundation officers who had helped to create several international agricuftural
centers and to stiape their programs,

Thus Havener brings to CIMMYT seventen years of successful work with developing
countries. He has first-hand knowledge of LOC (less developed country) governments and
experienco with the financial donors whe support the international centers.

To match Havener’s frosh Ieadership, CIMAMYT Trustees in 1978 elected four promi-
nent agriculiural sciontists as new Trustees and appointed them to the Program Commiit-
tee of the Board. The new members include ome each from Ecuador, Sudan, Germany,
and Japan,

Problems and opportunitios awaiting CIMMY T's now leadership can already be antici-
pated. But the outlook will be cloarer if we first trace CIMMYT's evolution, and describe
the momentum which carries over into the years ancad.



1966—71: Formative Years.

Founder’s Day for CIMMYT was September 21, 1966. But research on maize and
wheat in Mesico carried back at ledst to 1943, through CIMMY T's predecessor organiza
tion — a spetial office in the Mexican Ministry of Agriculture, fointly staffed by scientists
from the Rockefeller Foundation and the Mexican Government. The predecessor organi-
zation developed the first semi-dwarf wheats for the tropics. It produced hybrid maize
varie‘jes, which were high yielding in Mexico.

Because of this quarter-century of earlier research (1943-1966), CIMMYT made a rapid
start. Here are some accomplishments of the formative vears under Edwin J. Wellhausen,
CIMMYT"s first Director General (1966-71):

(1) Land from the Government of Mexico and funds from the Rockefeller Founda-
tion provided a headquarters, both economical and efficient, located 50 kilometers north-
east of Mexico City. Access to eiyhit 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 coun-
tries — for testing, for further improvement by national scientists, for release to farmers.

(3] A training program took shape in Mexico. Major emphasis was on young scientists
from developing countries, who held a first academic degree ir agriculture but lacked
experience in field research. They participated for one cropping season in Mexico along-
side CIMMYT scientists. More experienced scientists from t'eveloping countries each
soent several months at CIMMYT participating as visiting scientists. Upon returning
home, those with Mexico experience were absorbed into the networks of scientists work-
ing on maize and wheat in developing countries.

{4) CIMMY T 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 conti-
nents, setting a pattern which CIMMY T 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 CIMMY T's evolution when the Consultative Group on Inter-
national Agricultural Research (CGIAR) entered the picture in November 1971, The
robust rate of growth which CIMMYT 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 CIMMY T holds of itself — biased perhaps — but
also corroborated by the impressive growth of wheat and maize production in developing
countries, and by the credibility which 19 donors continue to place upon CIMMYT's
accomplishments. '




Here are some developments of CIMM YT's growth in the 19705,

(1) Measurable indicators between 1971 and 1978 are casiest to assess. For example:
Donors increased from 5 to 19, Total annual budget rose from $4 to $12 millions. Inter-
national staff positions grew from 57 to 78. International wheat trials expanded from 600
trials i 1971 to 1700 triagls in 1977, and the maize trials, from 300 trials in 1971 to 450
trials in 1977. The increase of mternational trials was especially significant because vach
trial site for wheat or maize is a show window for the world crop improvement network,

2) Travel by CIMMY T's international staff in developing countries has expanded to
keop pace with increasing trials, Measured in man-days of travel per vear, our personnet
records show:

1972 1823 man-days of travel fequals 5 man-years/,

1973 2297
1974 2415
1875 3012
1976 2958

1977 4323 man-days of travel fequals 12 man-yearsj,

(3) Regional programs for hoth wheat and maize were (ritroduced in the 1970°s, and
now represent the largest single change of the de-ade, because of their direct impact upon
research and production in developing countries. In 1978 regional maize programs
operate jn three areas (Central America, Andes, and souithern Asia); and regional wheat
programs operate i three areas {Andes, eastern Africa, and the Mediterranean-Mideast),
Other regional Programs are scheduied to hegin in 1576.80. Regional stafts are especially
effective, CIMMYT has found, because they improve the quality of trials in developing
countries, and persuade qovernments to supplement their experiment station testing with
on-farm research, Both factors add to the effec tiveness of the networks.

(4] CIMMYT’s economics program was established in the 1970's. In 1978 there are
three vconomists at headquarters in Mexico, corntributing to program pranning 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 on-

farm 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 8000 in 1977. CIMMYT introduced “Presentation Week* in 1973 and has repeated



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 (n developing countries. ¥e find progress here too. During the decade from mjd-
1960°s to mid-1970's, population in developing countries rose 30% and n the same
decade wheat production in developing cotintries rose 50% and maize prodiction rose
38%, Thus production of these two mafor cereals stayed ahead of population growth,
(See Table 1.)

(8) A “Special Report’ has been included in this publication, CIMMYT Review 1978,
giving recent iriformation 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 hign yielding “package’ varieties and accompanying agro-
nomic 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 develop:
ing countries had imported this additional wheat instead of growing it themselves, they
would have spent at least USS3,400 millions in added foreign exchange for grain imports
in the single year 1976-77.

(9) The maize program set a different kind of growth record in 1977. CIMMYT re-
celved 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 varnieties 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 millior. tons of food qrain a vear. And. in the disastrous year
of 1974 the developing countries imported almost 50 million tons of grain at a cost of
over USS10,000 millions in a single year. That is unfinished business for CIMMY.T and
ather international institutes.

Table 1. Performance of 6 cereals in developing countrles 1961-65 compared with 1971-75.

Annual area Annual yield 3 Annual production

1961-65 1971-75 1961-65 1971-75

(million (million Increase 1961-65 1971-75 Increase (million (million Increase
Cereal ha) ha) (percent) (kg/ha) (kg/ha) (percent) m.t) m.t.) (percent)
Rice 85.8 93.0 8 1614 1684 17 1385 1754 27
Wheat 50.4 61.3 22 976 1211 24 49.2 74.3 50
Maize 44.8 53.4 19 1132 1313 16 50.7 70.1 as
Sorghum 33.1 35.1 6 628 803 28 20.8 28.1 35
Millet 341 36.2 6 521 540 4 17.8 19.6 1
Barley 16.6 15.4 (7*%) 937 1083 16 15.5 16.7 8
All cereals® 270.7 2999 11 1098 1296 18 297.3 3889 31

Source; FAO Production Yearbooks.
‘Includes cereals not listed.
**Decrease.
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1979 Onward: Future problems, Future opportunities.

This commentary now turns from past developments to a look at futere prospects -
assessing some problems which will face CIMMYT in the 1980, along vith new oppPOI-
tunities for effectivenoss,

(1) Population growth: From the mid-60's to the mid-70's, the population of devetop-
ing countries rose 3 %:from about 1500 million people to about 1900+ fions. For the
following decade - from mid-70°s to mid-80° -- growth will again be wbout 30, from
about 1900 miltions to about 2400 millions. Some developing countrie will gain less,
some more, Lut the overall momentum of population growth in Asia, Africa, and Latin
America is expeocted to change little by 1985. Fven up to 2000 A.D., prisent forecasts
promise no dramatic reduction in the growth rate for LDCs. Projection: ndicate about
3300 miltion 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 A.D.. they w!! consume 700
million tons of grain, up 67% from 1975, These are straight line projecrions and do not
provide for increased consumption by people whose incomes are rising.

If the future grain requirements in LDCs are restated i1, vields per hoctare, the L DCs
will nead:

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

1985 ~ 1.7 metric tons per hectare required,

2000 - 2.2 metric tons per hectare required.

This pressure of population growth will continue to confront CIMMYT in the 1980%.
Wheat, bartey and maize - CIMMYT concerns — contribute 40%0f 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 miltion peopie. That meant
about three porsons were supplied food from each hectare in 1975. 1f we assume that the
number of arable hectares cannot be significantly increased, but that population will con-
tinue rising at 30 v, per decade, each arable hectare will be expected to support 3.5
persons in 1985, and 5 persons by 2000 A.D.

These averages, however, conceal dramatic differences between developing countries.

For example, in 1975 Mexico used 28 million hectares to provide food for 60 mitlion
people, a little more than 2 persons per hectare, In 1975, Eyypr was attempting to
support 37 million people from 2.9 million hectares, or 13 people per hoctare, And in
South Korea, poputation i 1975 had reached 14 nersons per arablie hectare, If we project
the population increase (at current growth rate) to 1985, Egynt will try to support 16
people per arable hectare, and South Korea 17,

These promciions to 2000 A.D. indicate food situations very nearly impossible for
some countries, a larger share of populations will need employment off the land.



Tabln 2 inchicates the number of people per arable heciare in 1985

and 2000 A, 0, for
selected countries, assuming that arable hectares remain constant, and population conti

tps to grow Jf the same rate as in 1965-7975.

Table 2. Population per arable hectare in selected countries, 1975, 1985,
and 2000 A.D., assuming no change in population growth rate,
i) Population  Annual rate Population Populstion
Arable Population  per arable of natural  Population  per arahln Population per arable
hectare: 1975 hectare 1975 increase 1985 hectare 1985 2000 AD  hectare 2000 AD
(millionsl  (mallions) (persans) 1965-756 {millions) (parsons) {millions) (parsons)
Maxica 28 G0 2 35% BES 3 136 5
Karea, Rep 2.4 a1 14 2.0 % 1 17 54 22
India 167 604 4 20% (L 5 983 6
Ching PR 120 a23 ] 17 % 974 15 1241 10
Kenya 18 13 7 335 18 10 28 15
Tanzanla f:1 15 25 2.H% 20 a5 30 5
Egypt 2.5 7 13 2,35 46 16 63 22
All LDCs 670 1900 3 25 % 2400 15 3343 b
Sources

Arable hectares fram FAD Production 'f earbook, Arable hectares includes land used for bath annual and permanent erops
Papulation lavels and rote of natural increass from “FPopulation Growth 1965-75" published by Population Retarence

Hurear ashington, D, C

Hatio of man land extrapolated

Figure 1 portrays this information graphically.
These are not forecasts but only the approximate magnitude of the food problemiin a
few countries, if growth continues without change.

The man-land ratio is another factor influencing CIMMY T s program in the 19807,

(3) Population pressure upon the land (Figure 1) inevitably brings changes in the farm-
ing svstem. Farmers need shorter season crops so that more crops can be grown each 12
maonths on the same land, The People’s Republic of China achieved a~doubling of food
praduction during 1850-75 with the help of shorter season crops which permitted double

ropping many areds that grew only one crop before, and triple cropping some areas
where two crops were grown before. Greater crop intensity required more treigation and
mare fertilizer.

Other changes occur in farming systems as population rises, Farmers substitute higher
vielding crops, = for example, cereals replacing legumes (0 many laces,

The cropped area expancds into forests, into pasture land, up the mountan sides,
into colder, drier, or poorly drained arzas, into problem soils. This expansion creates the
need for new kinds of agricultural essarch.

Changes in farming systems will speed up a the 1980°,, requiring further changes in

CIMMY T's program.

(8)]




Figure 1. Persons to be fed from vach arable hectare in selected countries, 1975, 1985,

and 2000 A.D.
1975 1985 2000
Mexico AA I‘/‘/‘. AI‘A AA
(2} (3} (5)
. AAAAAA AAAAA ARAKAAA
Koreaﬁopubllc QQAAAA A%ﬁﬁgj AKKAARA
A AAARA 5
(14) (17) nha (22)
India AAAA AAAAA AAAAAA
(4) (5) P {6)
- AAAAAA AAAAAA ARAAAR
China P.R. % AR
(6) (7+) (9)
AAAA AA AAAAAA AAAAAAA
Kenya A AAA ARAAAAAA
{7) (9) A {15)
Tunzania AAS AA A+ AASAA
(2.5 (3.5) (5)
AAAAAA FAAAAA AARA AL A
Egypt AAAAAA /-’,':AA,(A AAAAKA A
A (13) AAAL g aaqt " el
All LDCs AAA ALAA AAA A A
{3) 4 {5)

Explanation of Figure 1:

Each rectangle represents 1 arahle hectare.
The figures inside the rectangle represent the popuiation requiring to be fad from one

arable hectare,
Assumptions:

{1) That arable hectares will not increase significantly during 1975-2000 A.D.
{2} That population growth during 1975-2000 wilf continue at the same growth
rate as in 1965<75,



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 rotati m in Tunisii-Algeria
resulted m adapted technology whicl is now spreading to other countries of the Mediter-
ranean region. The rotation of summer sedson rice and winter season wheat or barley in
the Republic of South Koarea has become the government’s No. 1 priority, The rotation
can be tested only focally, but CIMMYT is assisting with development of early maturity
winter cereals for incoiporation 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 intenational 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
aecome eve more important in the 1980,

(58) In the 1980°s the CGIAR foresees a slower growth of financial resources.,
CIMMY T'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 iriformation 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 wide-
spread use of on-farm research, through farm-level survays, and through better contacts
with the policy makers in developing countries. These activitios initiated by CIMMYT
program statf in the 1970°s will take on even greater importance in the 1980s.

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 devel-
oping countries.
A world-wide network of collaborating scientists for wheat and maize, committed to
exchange germ plasm and technology.
Good working relationsnips with the governments of developing countries,
Credibility of donors.
A strong Board of Trustees.



CIMMYT's directing staff will Le tested b y the changes now foreseeable in the 1980°s
and will be judged by haw woll it landies new oppuortunities for effectiveness. The changes
include:

A population growth rate for all LDCs, now 30 % in 10 years.

Pressure of man upon arable land, waching 16 end 17 persons per arable Loctare in

some countrivs hy 1985,

Farming systems changing steadity as population density rises, creating the need for

new quidelines for research,

The changing roie for national programs, and along with it, a changing role for inter-

national centers.

Tighter finances.

With this agenda, the 1980°s will be a strenuous decade,
Haldore Hanson

Director General
El Batan, July 1978






introduction To Maize Proaram

World maize production for the year 1976 was 334 million tons,
arecord. In developing countries the maize cropof 1976 was 73
million tons, equalling the previous liigh. (FAO Production
Yearbook 1976.)

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

Imports indicate a food deficit. Higher yields per unit area

are needed if the developing world is to achieve self-
sufficiency and stay ahead of population

D petween researcher an arme;

A wide gap exists between maize yields in research stations
and in farmers' fields. In lowland tropical climates forexample,
scientists in national programs generally achieve maize yields
of 3-6 tons per hectare, whereas national average vyields in
farmers' fields are typically 0.7 tc 1.7 tons, commonly below
one ton. Inthe highland tropics the gap is similarly wide — from
6-10tons in the research station compared to 1.5-2.0 tons in the
farmers' fields.

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

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




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 scientisis were posted in
iegional 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.

L this report
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
ata pace which will permit maize production to stay ahead of
population growth — for some additional years.

E. W. Sprague
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Natlonal variety release
Based on |ocal farmer demonstrations, and worldwide data, each national program decides whether 1o
felease a new varioty

National demonstration

National programs alane decide whether an elite exparimentai variety justilies wider demonstration on
farmers’ fields CIMMYT supplies basic sved for increase by governments. In larger countries,
demansiration trials lake place al hundreds of sites

Elite experimental variely trials
Remnant seed of the elite varieties is Increased in Mexico 1o generate the quantity required lor 200 test
sites the tollowing year. For the first time, some trials are held on private farmers lields

International experimental varlety trials

In Mexico during the off-season CIMMYT intercrosses the 10 best families from each site using rncerve
seed and the random mating method, to produce an experimental varnety which wiil be tested by
collaborators at 20-40 sites, worldwide, auring the following year, Data from these 20-40 sites determine
the selecticn of elite experimental varieties for the fo'lowing year

International progeny trials

The 250 progenies from each population are sent to collaborators at five sites, worldwida, tobegrawnin
250 5-mater 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 variety for \he lullowing
year

From collaborators’ data CIMMYT identifies the 10 best families giving supenor performence across all
tesl sites, and uses these to develop an “across-site” variety. CIMMYT also identifies 100 families on the
basis of across-site performance 1o reconstitute the advanced population for the next generation

Advanced populations in Mexico
Hein malerials continue 1o be grouped by agro-climates, but unlike the poals, the advanced populations
have compieted sevoral generations of selection for better plant type. better disease and insect
resistance, betler yield, These populations are grown in Mexico, and 250 superior lamilies {progeny! are
developed from each population for international tesling every second year.

‘Special projects’ deal with specilic characterislics itke shortar malurity, wider adaptation, more
eflicient tropical plants (those putting a larger amount of dry malter into grain) and drought
lolerance

‘Collaborative research’ develops resistance to three disaases. dJowny mildew In Asia, streak
virus in Africa, corn stunt in Latin America

Back-up poolr. in Mexico

Here germ plasm Is classilied into 34 pools (genetic soups) according lo three climatic regions (tropical
lowlands, tropical highlands, lemperate zone), four grain types (fiint or dent, white or yellow), and three
lengths of growing season (early, Intermediate, full season). There are 12 pools for the lowland tropics, 14
pools for the highland tropics, and B pools for the temperate zone. The pools are grown every year in
Mexico and seed from superior lamilies is moved into the appropriate advanced populations

New germ plasm

Each year new germ plasm is tested and some is selected for addition 1o the back-up pools. Selections
may come {rom the germ plasm bank (13,000 accessions ol varielies, lines, wild types) which are
continuously being classitied; or from intreduction nurseries (new materials received from national
programs)

15
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The germ plasm bank is a service unit for researchers. The
bank unit maintains and regenerates seed, tests and catalogs
them and ships seed to users.

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

Agto-climatic characteristics considered in classifying maize gene poois.
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The bank is held in concrete chambers at atemperature of
) degrees C. There are over 18,000 |labelled storage tins of 2-
liter and 4-liter capacity containina 40 tons of seed. Thetins are

arranged on steel snelving like library stacks

1Ims per item) is being deposited for long term storage at the

S. Natienal Seed Storage Laboratory in Colorado

1976, In 1977, seed for another 122 highland
) and 200 tropical-temperate accessions was
regenerated in Mexico and added to the bank

e ]

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

L
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CIMMYT offers free samples of seed from the bank to all
research organizations. From 1966 to 1976 the bank made 647
shipments to 80 countries, representing more than 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 newlyarriving at CIMMYT ordrawn
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.

OOUCHON nLrseries

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 oreeding nurseries
before they are incorporated. New materials are especially
needed for earliness and disease-insect resistance
Wiaterials from the bank

In 1977, 500 bank accessions of tropica! character were
evaluated at two sites (Poza Rica and Tlaltizapan), 500
temperate accessions were evaluated at Tlaltizapan, and over
300 highland accessions at El Batan and Toluca. Several
superior materials were identified on the basis of their multi-
site 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.

19




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 resistanice in the pools

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

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

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

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

In 1977 two new populations were promoted to the Advanced
Unit. These are Templado Amarillo O, (IPTT41) and Amarillo
del Bajlo (IPTT45). These are meant to serve the 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 multilocational
testing (at six sites) throughout the world. The top 100 families
are identified on the basis of across site performance in yield,
maturity, plant height and other agronomic characters 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 llinois, Amarillo
Subtropical, Blanco Subtropical, Mezcla Tropical Blanco, and
Tuxpeno Caribe. Analysis of data indicate that selection for
wide adaptation, which is essential for superior performance,
has been quite effective.

i
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T'o 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
inoculations.

For disease resistance advanced populations are
inoculated with stalk and ear rotting organisms. At harvest the
pathologist 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 fail army worms and sugarcane borers.
These are the most widespread and important maize pests in
Mexico and the tropics of the Western Hernisphere. At
appropriate intervals after infestation, visual ratings for insect
damage are made for each family. Progenies showingthe 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 technigues 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 (Djatraea gradiosella), and
neotropical corn borer (D. lineolata) 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 ptants
with eqg masses on squaresof wax paper which were pinned to
the maize leaves. and as the eqags hatched, the larvae began
fecding. With the new techmigue, 2Gg masses are hatched in
thelaboratory larvac are mixed in an inertearrier {ground corn
cobsioand thas mydure s anplied in maize plant whorls with a
portable “teld aprhicator thazooka) The new technique shows
several advantages (1 use of the la~val mixture facilitates
hiandiing both in the laboratory and the field, (2) field
application s 3 1o 4 times facter (up to 1500 plants per man-
hour} (31 infestation 1s more uniform (the number of insects
perplantvaries only 15%). and (4) escaping plants are very few
{110 & plants per 1000).

Starting in 1974 acollaborative breeding project was organized
between CIMMYT and six strong national maize programs,
which are jointly developing germ plasm resistant to three
damaging discases of maize

The diseases are downy mildew (Sclerospora spp.), a
fungus dizease found in Asia from Indonesia to India bt
spreading  to o other continents: maize streak virus,
Grssemenated bvoa dleathopper (Cicaduling spp.) found in
trapical Amcar and corn stunt disease disseminated Ly a
ieathepoper (Dalbulus sppyin tropical Latin America.

The parucipating national programs include two Asian
countries, Thaland and the Philippines. two Africun countres,
Tanzama and Zare; and two Latin American ccuntries,
Nicaraqua and Ei Salvador Each countryis situated in an area
whete one of the diseases is severp.

In 1974 CIMMYT assembled in Mexico three broad -based
maize populations which could have general acceptancein the
tropics if they carried resistance to the three discascs The
three base populations, plus 93 other heterogeneous materials
were crossed to sources of resistanice to the three diseases.

In 1975, 4000 experimental progenies selected from these
crosses were sent 16 the six participants, to be screened for
resistance to the diseases. All 1975 pltantings in Atrica were tost
due to drought. thus delaving the streak virus studies 1 year,
But familics resistant to downy mildew in Asia and to stunt
disease in Latin America were ident fied by the collaborators
and selt-pothnated.
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Srotein s unsatisfactory in most maize. In a commercial maize
op, protein ranges from 9 to 11 percent of the grain weight,
which is adeguate for balanced human nutrition if all of it could
utilized -*, it maize protein 1s low in lysine and tryptophan,
two essentlal amino acids. Because of inadequate lysine and

[ .wpl an the body can utilize only half the protein in norma
naize. Lysine istypically 2 percent of protein in normal maize,
whereas J percent wouici be needed to permit use of all the
protein

Scientists at CIMMYT and elsewhere have been working

decade to improve the quality of maize protein.
Viaize protein can beimproved 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
opagque-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 1968 CIMMYT breeders have been selecting
opague-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 Fsor Fs generation. Much progress has
occurred during the past three years.

(2) We now have opaque-2 maize materials that are very
similar in kernel appearance ana Yyiald 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
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expenmental variety outyielded all checks at five locations
The checks included commercial hyk-ids.

(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 highlandsin 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, bicchemical analysis indicates higher total protein
but no change in the amino acids lysine and tryptophan when
compared to the soft endosperm opaque-2 types.

CIMMY T is develop
Ing opaque:2 maize

BN mareritls thit are
very similar in kernped
dppearance and vield
performance to
normal varieties,
with high quality

protein as'a bHonus
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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 USAless than 200,000 hectares of opaque-2 maize
is growrn.

CIMMYT believas 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 equalliiiy or surpassing the existing normal
varieties, and the protein cuality is a bonus.

International Maize Testing

In the spring ¢ 1977 CIMMYT shipped seed for maize trials to
55 countries. This was the largest number of collaborating
countries in CIMMYT's 12-year history. Participating countries
increased from 38 in 1975 to 49 in 1976, to 55in 1977. In 1978
there will be further expansion to 62 countries. The number of
participants i1s 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 shipmentsincluded 71 progeny testing trials, 196
experimental variety trials, and 186 elite variety trials.

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



International progeny testing trinds

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 tasted against the best local varieties
(checks), and was asked to chucse the 10 best progenies.
Selection criteria included higher yield, shorter plant height,
fewer days to flowering, resistance to diseases, and resistance
to lodging.

The 10 best progenies from each site are then intercrossed
in all possible combinations by CIMMY T in Mexizo 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 1877 found
the 10 best progenies at their location outyielded tha best
checks by more than 10%, a few by more than 50%. Some ot the
best progeny also had shorter plant height, fewer days to
flowering and superiority in disease resistance and lodging
resistance.

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

Fapertnentd variony trals

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

In 1977 seed for experimental variety trials wasdistributed
to 196 locations in 53 cournitries. Each collaborator was asked
to grow the trial with supericr 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 vield
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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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,

Oneoftt. 1977 trials (No. 18) consisted of 14 elite 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.

International Malze Trials 1975-78
] ' 1975 1976 1977 1978

Region and nation trials trials trials trials
Central Amerlcan and Caribbean 132 196 163 218
Antigua 0 0 1 1
Bahamas 0 2 2 2
Belize 1 7 4 6
Costa Rica 8 11 10 14
Dominica 0 0 0 4
Dominican Republic 4 11 5 7
El Salvadar 11 12 9 14
Grenada 0 2 1 2
Guatemala 13 17 11 15
Haiti 4 7 10 12
Honduras 9 15 1 22
Jamaica 4 9 9 12
Mexico 63 76 67 63
Nicaragua 8 10 7 15
Panama T 10 10 19
St Kitts 0 0 0 1
St, Vincent 0 0 0 1
Trinidlad 0 7 6 8
South America 59 90 96 111
Argentina 2 7 6 6
Bolivia 14 10 12 29
Brazil 6 28 39 29
Chile 1 1 3 2
Colombia 11 17 10 13
Ecuador 8 8 8 10
Guyana 0 3 3 3
Peru 10 13 9 13
Surinam 0 0 3 1
Venezuela 7 3 3 5
Mediterranean/Mideast 19 31 43 54
Algeria 1 0 2 2
Egypt 9 12 12 12
Iraq 0 1 6 6
Iran 3 0 0 2
Saudi Arabia 0 1 3 4




The first reports received indicated that the best giite
outproduced the best checks in 10 of 11 locations, by a yield
margin of 10-429%.

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
tountries included many in the uplands of the Andes, East
Africa, the Mediterranean and Mideast, parts of South ang
Southeast Asia, and tne higher latitudes of the southerr
hemisphere. Since these lesting sites have longer growing
seasons, and only four collaborators had reportad by
December 15,1977, interpretation of the trial was defarred until
the supplemental report.

International Maize Trials 1975-78 (Con‘t)_‘ e
T 1976 a7y 1978

Region and raticn trialz tnals trials tnals
Sndan 0 2 3 2
Cyria 0 0 G K
Tuinsia 0 0 i 2
l";,k{'y 5 8 4 4
Yomen, A f 1 7 12 13

Troplcal and Soutberr Africa -9 a3 82 127
Benin (Cx-ahcmaey) 0 3 ! 1
Botswan g 0 P 2 5
Cameronn 0 10 6 7
Ceitral African Rup 1 2 2 2
Ethiopa 1 6 3 12
Ghana 3 5 3 4
Guinea-Bissan 0 0 3 3
Ivory Coast 9 12 9 11
Kenya 4 5 2 3
Lesothe 0 0 0 2
Malawn 0 4 7 4
Mozambique 3 0 a 6

South and East Asia 53 96 61 87
Afghanistan 0 2 2 3
Bangladesh 2 8 6 7
India 17 19 12 19
tndonesia 1 0 0 5
Khrner 1 0 0 0
Malaysia 0 2 & 3
Nepal 7 24 7 Y
Pakistan 10 15 9 10
Philippines 8 14 12 i9
Sri Lanka 0 7 3 2
Thailand 7 5 14 11

Other 0 3 1 2
Canada 0 1 0 0
ifungary 0 0 1 2
USA 0 e 0 9
TOTAL TRIALS 312 509 453 599
TOTAL COUNTRIES 38 49 55 52

31



I

18978, seed are

being preparad for
distribution in
maize trials that

locations in 69 |

will cover 599

countries, anothar

32

expansion,  °

Requests for seed increass

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 number up to that time. It appearsthat 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 Ameryica, 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.

(8 international triais
The distribution list for maize trials in 1978 will cover 599
locations in 62 countries, another expansion. Thisincludes 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
cne full yearto retrieve the trial data both north and south of the
equator.




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 efficienttropical 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
Tuxperio-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 Tuxperio-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 combine the two characteristicsin 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. CIMMYT hasa large number of crosses in various
stages of mixing and mild selection. More years of mixing will
be required before evaluation.

rter maturity in tronical maize

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

A Special Project is employing several approaches to
develop earlier maturity with good yield. In one, short maturity
tropical varieties are assembled from lowland tropical areas all
over the world and composited. The present pool contains 33
collections from Indonesia, one from Colombia (Guajira 314),
two from Honduras (Mata Hambre), one from El Salvador. and
six from Pakistan (Bannu early group). These are being
crossed in various combinations, and tested at two locations
vefore 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 cecurrent selection for early
maturity in an outstanding tropical population.

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

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 the winter of




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 at 4
sites in Mexico. This natural selection for wide ddaptation
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, almostanywhereinthe world
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Periodic drought is a major cause of yield loss in tropical
maize

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

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

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

Selection for drought tolerance continues in one lowland
population (Tuxpefno-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.
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~rosses Between Genera (Wide Crosses)

The maize crop possesses great variability and potential for
Improvement. However there are certain specific
characteristics that would be desirable to maize, that are not
found in the crop at present, and are found in related genera,
CiMMYT's wide cross program hopes to break down the
breeding barriers that exist between alien genera, and to make
available these characteristics to maize. Tripsacum and
Sorghum have been chosen for these crosses. Tripsacum isa
wild relative of maize which has shown a wide range of
resistance to diseases and insects which are a problem to
maize, and Sorghum is able to yield better in drought and
waterlogged 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 hybric's
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 backcrussing 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 nlasm into maize.

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

Over 17,00C crcsses were made between maize and
sorghum in 1977 and four new hybrids were identified. All
these are more maize-like in appearance, and erratic
chromosorne elimination has occurred in all of them, giving
aneuploid progeny asin 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 cressed further and assessed for
desirable characteristics.

CIMMYT neads a much greater number of hybrids with
wider genetic diversity to use in plant improvement. For this
purpose the scientistsin Mexico are seeking collaboration with
other institutions who specialize in relatad areas of research,
so that progress may be speeded.

Ten new hyhrids
were identified
in 1977 fraom
among the more
than 10,000
crosses made he
nwveen maize and

tripsacum. &
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Maize Training

CIMMYT offers several kinds of training and experience to
maize scientists from Asia, Africa, and Latin America:
—In-service training: generally 5 to 6 months residence
in Mexico.
—Master’'s degree program in cooperation with
universities in Mexico or USA.
—Predoctoral feliows: 12 to 18 months in Mexico to do
their thesis research under CIMMYT supervision.
—Postdoctoral fellows: 2-years service as an associate
on CIMMYT staff.
—Visiting scientists or short-term residents.

M-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 designed to develop skiils in fiela
research, production management, and laboratory

L Training courses in

Meoxico stress
learning-ty-doing:
and the discipline of

waorking long o

- under heat, humidity,

and torrential vains.
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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 10years
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 fayout of
agronomic trials on private tarmers’lands, and organizing fie.d
days for tarmers. This work is performed by trainees under
supervision of the CIMMYT training officers and the Mexican
extension zervice. The on-farm research helps identify the
imiting factorsin yicid, and permits farmers to serect their own
technology

Starting in 1974 CIMMYT offered tn-service tramning for officers
fram national programs who were prepanng to give short
courses for production agronomists in theirown country. Nine
trainers have now been trained (Ecuador-3, £ Satvador-3,
Philippines-1, Pakistan-2).

CIMMYT training staff members In Mexico are
accasionally lent to national programs outside Mexico where
they assist with fccal courses During 1977 the maize 'ramersm
Mexico parnicipated in short courses for produchion
agronomists in B! Salvador, Nicaragua, Ecuador, and Nepal.

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

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

During 1377 the maize program received 25 visiting scientists
and 64 shert-term visitors. Visiting scientists are senior crop
researchersor experiment station managers who spend aweek
to a year at CIMMYT to become familiar with world germplasm
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.



Malze in-service trainees 1971-77

1971- 1971-
Hegion & Country 1977 1877 Reglon & Counts 1677 1977
Letin America 165 25 Pakistan 19 3
Argentina 11 1] Philippines 16 2
Belize 5 0 Thalland 10 4
Bolivia 7 0
Brazil 3 n North Alrica and Mideast 22 5
Colombia 7] 1 Algeria 1 0
Costa Rica 4 1 Egyp! 12 2
Chile 2 0 Tunisia 3 2
Dominica 1 1 Turkey 3 0
Dominican Republic 9 3 Yemen AR 3 1
Ecuador 12 3
El Salvadaor 20 0 Tropical Africa 1] 15
Grenada 1 0 Cameroon 1 0
Guatemala 14 a Ethiopia 3 1
Guyana 1 0 Ghana 6 0
Haiti 7/ 2 Ivery Coast 4 0
Haonduras 23 5 Kanya 3 0
Mexico 14 4 Malawi 1 0
Nicaragua 8 0 Nigeria 12 0
Panama 4 1 Senegal 1 1
Paru 8 a Tanzania a7 12
Venazuela ] 1 Uganda 1 (4]
Zaire 20 0
South and Eas! Asla 65 14 Zamkbia 2 1
India e (1]
Japan 4 1 Other 2 1
Korea 1 ]
Nepal 13 4 Tolal 345 60

MAIZe Inservice
teaining prograin has
had 345 participants
Trom A7 countrios
since it began sey
years ago, including

GO in 1977

e e
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Wiaize Cooperative Projects Quiside Mexico
During 1977 and 1978 CIMMYT has posted 15 maize scientists
to work with cooperative projects outside Mexico. Six
scientists were assigned to regional programs and nine to
national programs.

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

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

In 1877 CIMMYT maize scientists sharcd the activities in
the following regions:

Reglon & Number of 1977 Approximale CIMMYT Years of

Headgquariers cooperating population malze crop assigned Donor CIMMYT
. _countrles (milllon) _(toms) = sttt __ Arrangement

Cenlral America 14 33 2,200,000 2 DB 1974-76

and Caribbean Switzeriand 1977-

(Mexica)

South and South- 15 1183 17,300,000 1 UNDP 1976

eas! Asla

(Indla)

Andean 5 69 2,500,000 3 Canada 1976

{Colombla &

Ecuzdor)
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ind national

Prograrms,

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

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

Population Stan of CIMMYT Approximate

1978 CIMMYT assigned maite crop

Counlry (millions) arrangement staff 1977 (tons) Donor *
Pakistan 76.7 1968 1 700,000 USAID/Ford
Egypt 38.9 1868 1 2,500,000 Ford
Zalre 26.9 1972 2 500,000 Zalre
Nepal 13.5 1972 1 800,000 USAID
Tanzania 16.4 1973 2 800,000 USAID
Guatemala 6.6 1976 2 600,000 USAID

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




Regional poooram: Ceniral America and Catibhe an
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 miilion 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, thev 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 CIMMYTregionalagronomistpromoteson—farmtrials
for experimental maize varietids and conducts training courses
for extension agronomists.

Training in Mexico of youngscientists from this region has
continued: 16 participants in 1975, 21in 1976. and 12in 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 2.nd agronomist spent
seven months in consultations to national programs.
Participating countries ptanted 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
vields in countries of the region ranged from 0.7 to 1.7 tons per
hectare, mostly below 1 ton. Success of the program will be
judged by the increase in yields over a period of years

Fifteen countries of South and Southeast Asia have a
population of about 1200 million people in 1978, increasing at
more than 2.5 parcent a year, They have a food deficit: loca
grain  production is about 225 million tons a Yyear,
supplemented by imports of about 16 million tons. Maizeis 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
sugaesting 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).
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In 1976 CIMMYT assigned a maize breeder-agronomist to
this region to help in stimulating the exchange of technology
between governments, with efforts concentrated on: (1)
regional maize trials, (2) promoting thetrials of new varieties in
farmers' fields, (3) organizing workshops among maize
workers of the region, (4) arranging training for 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).

Heglonal 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 produces 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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I'he breeding program for highland maize has organized

five aene poals (3 flourv-tvoe. and 2 flint-type) which @re now
irgoing improvement at Quito, Ecuador

ge maize yields in the Andean countries have heen
tons per hectare. The success of the Andean program

wiil be measured over years by the increase in these relatively
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low yields
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Maize is the No A food crop of Pakistan, aftar wheat aiid oe
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 CIMMY.T agronomist was attached to
the Pakistan Agricultural Research Council at Islamabad. Over
90 percent of Pakistani maize s producedin 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 FAQ; (2)
organizing workshops for provincial maize workers: (3)
conducting two training courses within Pakistan. and sending
three maize workers for training in Mexico: (4) working with the
World Bank agricultural mission to Azad Kashmir Province;
and (5) working with the Australian Government in the
'mprovement 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 percentin
the same period.
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Egypt now imports a million tons of maize a year and 3 to 4
minlicn tons ofwheatayear, and the doticit is rising. Population
has passed 38 million, and grows at 2.3 percent a year.

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

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

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

Te Nauoneal viaiZe #rogran
Zaire's 27 million people are primarily maize and cassava
eaters but also consume somewheatandrice As afood-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 finds to finance a
scientific team from CIMMYT to help develop a national maize
research and production program, The annuial 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
xg/ha) offers substantial opportunity for improvement.

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

Twenty young Zairian university graduates have been sent
to CIMMYT for one cropping seasen of training and seven
Zairlans  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 pariigipate in CIMMYT training.
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Menal Matanat Maize Proorvwmn:

Nepal is one Asian national program which has been feeding
itself. But food production per capita has graduaily 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 staif to collaborate with local agricultural services,
including |RRI 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 plonning). In mid-1977
IADS 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’ fieids.

Tanzania Mationst 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 t0 2.7 million tons a year during the 1970's.
With a population of 16.4 million (1978) growing 2.7 percent a
year, the government found it necessary to import 250,000 tons
of maize per year in 1974 and 1975.

CIMMYT'swork in Tanzaniaispartofajoint ITA-CIMMYT
effort. in which HTA 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
llonga Station 200 kilometers west of Dar-Es-Salaam has
identified experimental maize varieties which out-perform the
varieties previously in commercial use.



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 on-
farm trial system as the means of communicating with farmers.
Thus new maize technology can be given immediate usein 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 ayear
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 for the 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 varietiesand F, 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 couritries of Central America.

For the highlands, where a very ancient corn-oriented
culture exists, the ma:ar effortisto identify local varieties with
wide adaptation as & means of compensating for the strong
genetic-environment interaction that prevails in the many
scattered valleys of the region.
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World wheat production for the year ending mid-1977 was 413
million metric tons, an all-time record (U.S. Department of
Agriculture, World Grain Situation, 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 (FAO Trade Yearbook 1976)

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

1 1k s |41

Stable resistance to the three rusts remains the first objective
of the wheat scientist. Northwest Mexico experienced an
outbreak of leaf rust in 1977, most severe for that area in one
third of a century. The outbreak was encouraged by events that
allowed much land to remain uncultivated in the summer of
1976, providing a bridge of volunteer wheat plants to serve as
hoste 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 inthe longtermis 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 far today's commercial varieties when
they are found susceptible.




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,

Raising the yield ceiling

Semi-dwarf wheats distributed from Mexico in the 1960's
raised the yield potential for wheat from 3.5 t/hatothe7.0-8.0
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 spikelet.
This work is also described later. Nn conclusions are yet
possible, but work on the "yield ceiling" will continue.
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Jelivery 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 dispiay,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
intheirhome countries, where they become part of the network
of wheat scientists.

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

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

These activities are discussed in the following pages.

N. E. Borlaug




Inthe 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.

Aboput 1500
advanced ling
tosted 1n Naorth
Mexico i 7 1!
Of these, rough
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The breeders believe that wide adaptation can best be obtained
by a combination of the following four characteristics:

1. High vield potential across different climates.
2 Senw awarf charactoer
3 Broad disease resistance

4. Day length insensitiaty.

Several approeches are used

First. wheat research in Mexico 1s conducted two cycles a
yedr.one awinter crop at sealevetand 27 Nlatitude; the other
a summer crop at 2600 m elevation and 19°N latitude. The
winter cyciens sownanan irrigated desert where leaf and stem
rust are end2mic. the summer cycle is sown under beavy
rainfall and cool temperatures where severe epidemics of
stripe rust occur every year. The movement of successivu
aenerations batween these constrasting climates enables the
nreeder to select daylength insensitive. widely adapted lines
with high levels of rust resistance.

To ensure heavier pressure from diseases, GCIMMYT
suppiements the natural presence of pathogens with artificial
inocutation.
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This program cuts in halfthe 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
distribute new germ plasm to the national prcgrams 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 vyielding varieties. But
traditional varieties with tall stems are still widely grown, and
the development of improved agronomic practices lags in most
countries.

Variely 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 three had goad resistance to the races of the three rusts
existing in Sonora, Mexico in 1977.

The 1977 releases illustrate the broad germplasm 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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t the releases, Fima 7 resuited from a chain of
ternational collaboration. The'ofiginal cross was made: by
IMMY T-INIA In 1964 Subsequently an F. bulk of seed was

Chile There the seed was grown and reselected by
! lers until the F generation. Seed then passed to Ecuador,
vihiera It was tested in a trial for resistance to stripe rust, and
ourid outstanding. Ecuador shipped seed backto Mexico with
eradvanced lines carrying stripe rust resistance. Here final
ton was made by CIMMYT at the Toluca station, 13 years
iterthe original cross, and the Mexican Government released
' triety

Selected spring bread wheal varieties bred by CIMMYT-INIA
or predecessors, released in Mexico, 1950-77

Yield
Yeor of potential Plant ht Grain  Stem Leal Stripe
release  Variely name  cross  kg/ha * cm Color rusl  ruslt rust  Seploria
Yaqul 50 1945 3500 110 Red TMS 20MS 10MS MH
Nainarl 60 1950 4000 110 Red 10MS &R 0 -
Pillc 62 1956 5370 100 Red 1005 605 BOS MR
Penjamo 62 1956 5870 100 Red SOMS 0 B80S MR
Saonora 64 1957 5580 B5 Red 20MS 705 BOS S
wefma Rojo B4 1958 8000 100 Red 30MRA BOS B80S 5
INIA 66 1962 7000 100 Red 5MR 1005 B80S S
Siete Cerros 66 1957 7000 100 Amber TMS 205 1005 S
Yecora 70 1966 7000 g0 Amber TR 100S 1005 S
Cajeme 71 1966 7000 80 Red TR 1005 100§ 8
Tancr 71 1958 7000 40 Red 20MR BOS 60S 5
Jupateco 73 1969 7000 95 ARed TMR 805 60S 5
Torim 73 1967 7000 75 Amber TMH 20M5 40S 5
Cocorague 75 1968 7000 90 Red TA TR 20Mi L1y
Salamanca 75 1967 7000 490 Red TMR 20MS 20MS 5
Zaragoza 75 1964 8000 90 Red 0 JOMS BOS 5
Nacozorl 76 16869 75007 90 Amber 0 TMR 10MR S
1 Pavon 76 1970 7500'** 10N Amber 0 TMR 10MR MS
13 Tezopaco 78 1969 7500°*" 105 Red 10MS 20MS 20MS MR
1977 Pima 77 1964 7500**" 85 Amber SMR  TMR 30MS-MS §
1877 Hermoslllo 77 1972 75C0°** 100 Red S5MR SMR TR S
1977 Jauhara 77 1969 T7500%** 87 Aed 5MR TR TR 5

Disease raling in Mexico 1977 **

‘Measured al experiment stations in Merico, Irrigated under high soll feitility, and essenlially
disease Iree,

**All varieties were resistant to all three rusts under Mexican conditions al time of release, A -
resistant; S - susceplible; O - no rust; MR - moderately resisiant; MS - moderately susceplible;
20MS - moderately susceptible type leclon on 20 percenl of plant surface, balance ol surface |s
lesion-trea; TMS - moderately susceplible lype lesion in trace amount, balance is lesion-froe:
TR - resistant type leslon present in trace amount, balance Is lesion-Iree,

2id of varieties released In 1976 and 1977 has ranged 7500-9500 kg/ha In diflerent seasons and
frials, but the conservative minimum of 7500 kg/ha as glven here for all six releases.
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In the 1870's CIMMYT has made continuing efforts in
cooperation with national programs, to achieve wide and
stable resistance to stripe rust, leaf rust, stem rust, and
Septoria

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

Until the 1970's most CIMMYT germ plasm had inadequate
resistance to Septoria tritici especially for use in North Africa,
Turkey, Ethiopia, and Argentina. Because some of the first
semidwarf wheats introduced in these areas were susceptible
to Septoria, the local programs for introducing high yielding
varieties were set back. More recently some advanced lines
tested in those countries have shown a good level of resistance
to Septoria. Of the 386 entries in th2 9th IBWSN 51 advanced
lines showed gqood Septoria resistance, 268 showed
intermediate level of resistance, and only 67 were highly
susceptible.

Occasionally in the past decade, disease epidemics of wheat
have caused great economic losses in individual countries.
Examples are the 1937 Septoria outbreak in Morocco,the 1972
Septoria epidemic in Brazil, the 1975 barley yellow dwartf
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 halfa
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 tremendots speed of reproduction.

As a buffer against major rust outbreaks,the breeccrs have
peen developing lines based upon the 8156 cross which can be
used as components for multiline varieties in different
countries. A multiline is derived from crosses hetween 8156
progeny and other parents which resemble each other and



lrcommon parent in height, maturnity, grain'color. etc. But

each line derives genes for disease resistance from different
parents. The multiline is a mixture of these individual
components. When a multiline is grown, and a new raceiof rust
appears, only a small percentage of plants in the field are | ke
10 be susceptible. The typical epidemic which spreads from
plant to plant is thus chegked
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When new seed is multiplied for a multiline, the
susceplible component iIs replaced and the new multiline
mixture Is again fully resistant until the next mutation of
pathogen occurs

In 1977 in continuation of this program, more than 400
additional crosses were made in Mexico between lines from the
1156 cross and sources of rust resistance from such countries

s Argentina, Australia, Canada, Ecuador, India, Kenva, and
countries of Narth Africa

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

Hesearch hasnow confirmed thatthe 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 CIMMY T

The collaborators include: Dr. Alan Roelfs of the USDA
Hust 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, Austratia, for stem
and leaf rust; Dr. M. Boskovic, Yugoslavia, forstripe rust; Dr. R.
W. Stubbs, Holland, for stripe rust; Dr. A, Dinoor of Israel, |eaf
rust, Dr. Moshe Eyal and Dr. Isaac Wahl of Israel, Septoria; Dr
W. Wolfe, England, powdery mildew; and Dr. M. Djerbi of
Tunisia, Septoria.

Since each country planning to use a multiline will require
a different set of multiline components selected locally,
researchers are concentrating their preliminary efforts for the
multiline in Mexico, and India. The Indian Wheat Program has
developed many lines suitable for components in a multiline
mixture, Seventeen entries in the Fifth Multiline Nursery were
found resistant to all rusts in northern India, and gave yields
equal to Kalyansona, one of India's leading varieties derived
fram 8156
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About half the F; seed is sent to Oregon State University
(USA) wherethe F, plants are crossed again to winter wheats to
preserve the basic character of the winters. At CIMMYT the F,
plants are crossed again to spring wheats to preservethe basic
character of thespring type. A portion of the F,seed is also sent
to India and Turkey.

In 1977 about 100 spring x winter advanced lines were
distributed internationally for the first time as part of the 11th
International Bread Wheat Screening Nursery. When the
results of this trial are received in Mexico in 1978, they
nopefully will provide the strongestevidence 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. The 13 highest yielding lines
gave yields of 6.4 to 7.8 t/ha and nine of the 13 outyielded all
check varieties, which included the leading commercial
varieties of Mexico, headed by Pavon 76.

Wheat for the humid tropics
Historically wheat was poorly adapted to the humid tropics, but
a number of wheat importing countries — notably those in
Central America, West Africa, and Southeast Asia — are
interested in growing wheat in their “winter" season (the period
of mildest temperature and lowest humidity) as a means of
reducing foreign exchange expenditures forimported wheats.
CIMMYT's initial tesis in 1972 at Poza Rica, a hot humid
location on Mexico's Gulf coast, revealed two major problems:
that wheat in that location did not tiller adequately (form
supplementary stems), and the fungus disease caused by
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 F, crosses from the variety
Horizon, which was previously found to be resistant, were
grown at Poza Rica and all of these Fy'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 8th 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 vyield,

So the next step for 1978 is to cross the 22 advanced lines
tothe He!mfnrhospon'um-resistanl Wheats. F; 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.

alternate generations
1 inMexico and

.§.. collaborating
cauntries in a form

e T = —rewr

of “shuttle breoding™
designed to combat
special wheat

| h t“\ i aroblems,
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For example, Brazil has special probtems of acid scils and
Septoria chisease. for which some Brazilian vanelies have
tolerance, but they iack the high yielding qualities of the dwart
wheats Beomninng i 1374 F s of Brazibhan wheat crosses have
beon sown at Cd Dbregon, Mexico. each November, Brazihan
brecders come to Mexico to select the Mexican parents ot s
and make the crossezn late winler, and the F.seed of these
crosses oreturned e Brazil for planting the tollowing
generatien uncdes Brazilian soil and disease conditons, and
seloctions aro made thore for the next round This Brazilian
shuttle procedure cnters s bfth year in 1978

Argentine Dresters tise parhicipated g somewhat
simiar crossing arrancement wih Moexico for a number of
years whion gave nse to the nighly successful varniety Marcos
Juarez INTA

Anather oy
CIMMYT Heje
earhiness and col
yielding qualities of Mecacan wheats, Two hundred Korean
lines were received in 1876, crossed to Mexican hines, and
returned 10 Korea where they were top crassed or doubls:
crossed with Korean matenials. This exchangs continues,

The People’s Hepublic of China gave 1o CIMIAYT 200
vaneties of Chiness wheat in 1977, which are being grown in
Mexico in winter 1377-78 to determine whether a Chinese-
Mexican crossing arrangement would be usetul, espaecially for
Gibberella resistance and early maturity.

The possibility af other such cooperative shuttie programs
15 at the discussion stage with Ecuador for stripe rust
resistance. and Israel for Septoria resistance.

e s doveloping hotweon South Korea and
he Drecders are attempbng th combine the
A tolerance of Korean wheats with the botter

Ouring the 1970's the number of participants in international
bread wheat testing has more than doubled. This cooperation
of many national programs 1s 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 trials was
sent to 105 locations in 82 countries.

Since 1967 CIMMYT has annually distributed about 300
advanced hines from the CIMMYT-INIA breeding program as
the International Bread Wheat Screering 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 locatinns in 95 countries.

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

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

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

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

CIMMYT's crassing
black contains
virietios that are the
best available sources
for ong or more
characteristics, Seed
of 300 entries \was
sent to 40 locations
in 19722 for
evatuation and Use

in crosses,
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Durum Wheat

Durum wheat is an important food in the Mediterranean region,
the Mideast, parts of India, USSR, the ¢.adean 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
woridwide, 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 asthe best bread wheats.
The linkage of the dwarting gene with sterility has been
weakened but not eliminated.

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

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

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

Highe: yield

Eighteen durum yield trials were harvested at Ciudad Obregon
in 1977. Among newer durum iines 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 locationsin 30
countries, was 4239 kg/ha. This was 15 percent better than the




RIevious yedr and 21 percent better than the dverage ol the

previous five years
Durum yield trials at Toluca and El Batan on the Mexican

central plateau in the 1977 summer season continued to he

altacked by rootrot and head scab. These are probl

1
the CIMMYT breedars are trying to solve

3 i :] .r'; I\‘.\"' |I'.. Lit]

Hreeders 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, !
lines for leaf rust, and 4 linas for stem rust. These lines arenow
used as donors in the crossing program. Great

required for stiliother diseases, Including powdery mildew and

grresistance |s

Seploria.




Breedears are segking betteragronomic 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
adapled 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 deficientin other characteristics,
nore cycles of crossing and selection will be needed to
correct the faults.

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 varleties released In Mexico between 1950 and 1975.

Year of Year Yield Plant Diseasa reaction® Test
Mexican Yarlety of potential? ht.? Stem Leal Siripe Sept. welght pigmen!©
release  Name cross  kg/ha cm rust rust rust triticl  kg/hl ppm

1941 Barrigon-

Yaqul d 4000 130 0 TS 708 R 75 4.5
1960 Tehuacan60 1954 4200 150 0 10MR  20MS R 81 5.5
1965 QOviachic 65 1960 7000 90 0-40MS 305 5MR 5 B1 T2
1967 Chapala 67 1961 7000 85 0 10MS 10MR. M - 4.0
1968 Jorl C 69 1963 7700 85 0 TR 5KS S 81 37
1971 Cocorit 71 1965 8300 BS 0 5MR 5MS M B1 3.6
1675 Mexicall 75 1969 8600 20 00 TR 5MR S 78 5.8

L Rl 7

4/ Measured al CIAND experiment staticn, at high rates of fertllizer with Irrigation, and In the
absence of diseases, b/ In Mexico, 1975, R = resislanl, MR = mcderalely resistant, MS
moderately susceplible, 5 = susceplible. Figures before lellers Indicale percentage of
Infectlon, ¢/ Carolinoids. df Farmer's selection,




IMMY Tils wheat technoloay \horateo 11

idvanced durum lines for milling and cooking aval tys Fest

1
weight of the best durums 1s well maintained at 80 kiloarams
per hecloliter and some high yielding lines have reached 85
Kg/hi This equals the test weight of the best bread wheats
Carolene content has improved to levels over & ppm. which
compareswellwith lalian macaroni durums Carotene content I
combined with a low level of lipoxidase, the enzvme which

destroys carotenein flour, isa measure of the preferred colorin
pastas and Is important as a characteristic to those countrie:
which export durum grain to Italy and similar markets




Triticale is a man-made cereal. itresults from a cross between
wheatand rye. Althoughthe cross was demonstrated by British
scientists over 100 years ago. it was not until the 1950's that
researchers i Burope and North Amernca began intensive
efforts to transform tritice'e mnto a comrmercialt crop CIMMYT's
work on tniticale had s ongins in Mexico before the
gstablishment of CIMNMY T Iin 1966 Thisresaarchis conducted
cooperatively with the Unversity of Manitoba in Canada,

Meny obstac es facing tnticale 13 years «go iiave been
overcome or reduced. Yield of the best tnucales then was nalt
Hhat of the best bread wheats bt now s equal, Disease
resistance in triticale has been broadened but still requires
mprovemaent. Lodging i the triticale crop has been reduced.
Protein guahty has been stabilized at a level superior 1o bread
wheat. Baking quality in trificale has been found satisfactory
for many food products on alt continents

But problems remain In 1977 CHAYT scientists made
10.000 addhitonal triticale crosses, many aimed at the principal
problems of improving kernel quality and gwiving araater
darmancy (preventing corouting of thie head before harvest),
Testing of tnticale continuesin farmers' fields to dovelnp better
production practices, and CINM YT stafl made consulting tnips
to developing countnes where triticale haes are on tral

Triticale now grows comimercially in Hungary, LSSR,
China, Spain, South Africa, Argenting, Mexico, Canada and the
HSA- The crop is expected 10 continue to expand its
production, imitially in areas whers niticale tolerance for acid
soifs and its superior disgase resistance, gives advantage over
hread wheat,

Infertiity was a major cause of fow yields until the late 1960's.
Onty a part of the florets (flowers) in the tnticale spike became
fertitized and produced gramns. In 1968 a triticale I e was found
that had ahigh degree of floret tertility. Since than the resultant
line called Armadillo has been used extensivaly in crosses. All
advanced hexaploid triticales (those resuiting from crosses
between durum and rye) now have Armadillo or a derivative of
Armadillo in their parentage. Good floret fertility combined



with longer spikes and stronger straw has permitted yields of

thetop triticales to achieve yield superiority over the best bread
wheats and durums.

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/hl (kilograms per hectoliter) compared

with over B0 kg/hl 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 76-79kg/hl. Crosses
| between these lines and others of hetter
! being made in 1978,
B
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Theincreasing resistance of triticales tolodging (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 triticile lines. Single and double dwarfs
in triticale are somewhat taller than wheats with the same

dwarfing cources.

Lodging resistance in triticales has been achieved by
combining @ moderate reduction in height with stronger stems.
T estlines inthe triticale program such as Beagle are equal
o the best bread wheatsin maturityandyield, but remain taller

cieeders have found two excellent breeding materials to
correctthetendency oftriticale to sproutin the field when rains
occur shortly before harvest, One is a Swedish rye calied
Othello. The other is a CIMMYT bread wheat named Alondra.
Crosses between these donors and the best triticales were
made in the winter of 1977-78,

Breeders have thus far found it difficult to combine early
maturity In triticale with short stature. At present most high
vielding triticales are medium to late maturing. Breeders are
continuing 1o Incorporate earliness to overcome this
characteristic, which gives bread wheat an advantage in some

dreds

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 abou:t 13 percent. The
content of lysine in triticale protein rose from 2.8 percent in
196810 3.4 percentin 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
pe 10-12 percent protein and 2.7 percent lysine.)

ahe fesiSidance

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






aking 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)

Forcookie-making, some triticale lines provide flour thatis
more suitable than soft bread wheat flour. Mexican tortiilas
made from triticale flour are equal in quality to tortillas made
from wheatflour. Indian chapatismade from triticale meal keep
moist :wn-;ﬁ_f! than chapatis made from bread wheat flour.

Resuits from milling and baking trials made since 1974

iggest that triticale will find widest acceptance in chapatis,
tortillas, cookies, and unieavened bread.

O

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 iarge numbers of crosses can be
made,

Winter-type progeny of these crosses are shorter, have
nigher 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 beirg produced at Toluca to provide new winter-
type germ plasm,
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Improvement in winter types progresses slowly because of
defects of the winter parents and because oniy 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.

i
L

Some triticales have the ability to produce large amounts of d ry
matter even when repeated|y clipped or grazed. Trials have
been conducted to test the ability of triticale 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 yetbeen found to equal the
rate of recovery by the best oats,promising triticale lines are on
test.




[rials on farmers’ fields

During the period 1974-77 CIMMYT placed demonstrations of
triticales on farmers' fields in several regions of Mexico. These
trials give farmers zn opportunity to compare triticales with
other cereals, and give scientists the opportunity to study
agronomic management problems.

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

These on-farm trials reveal both advantages and
disadvantages of present tiiticales,

road adaptation ;
The International Triticale Yield Nurseries which have been
grown since 1970 provide evidence of the broadening

adaptation of triticales to diverse environments. These
nurseries consisting of approximately 20 advanced triticales
with bread wheat, durum, and triticale check varieties, are
grown at several dozen locations around the world. In the
Seventh International Triticale Yield Nursery, grown at 60
locations, the five highest triticales averaged 4400 kg/ha
compared with 4070 kg/ha for Jupateco, the bread wheat
check, and 3450 kg/ha for Cocorit, the durum check.

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

National programs

Several nations have vigorous programs for triticale testing.
Pantnagar University in India has provided leadership in

the introduction of triticales in the hill region of northern India,




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 lran (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 Colornbia, Peru, and Bolivia.

To the scientists in Mexico, it appears that commercial
triticales will spread next in three regions:

{1} The hill area of India-Nepal-Pakistan.

(2) The East African highlands, centered on Kenya.

(3) The Southern Cone countries of South America,

particularly southern Brazil.

Progress on the Development of High Yiéld:ing‘
Triticale Strains at CIMMYT since 1967, - '

Yesr In Sonora Nursery * ITYN" et
advanced Yield Testwt Plant ht Yield No. ot
trials Identity _ kg/ha _kg/ht cm Year kg/ha Locations
1967-68 Bronco X224 2356 64.4 150 1969-70 2578 39
1968-69 Arm. T909 3100 65.8 125 1970-71 3272 17
1969-70 Badger PM122 4492 68.5 125 1971-72 3274 34
1970-711 Arm, X208-14Y 5440 65.4 125 1972-73 3506 25
1971-72 Clnnanion 5550 66.8 100 1972-73 3409 25
1972-73 Maya lIxArm 6300 700 90 197374 4200 47
1973-74 Yoreme 7000 71.0 99 1873-74 |, 4400 47
1974-75 Beagle 7500 68.0 110 1974-75 4480 - 45
1975-76 Mapache 8000 69.0 111 1975-76 4483 60
1976-77 KLA-M2A 7802 ns 100 NA

*Northwest Mexico.
**Average at all locations In the International Triticale Yleld Nursery.
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Bariey is perhaps the hardiest of cereal crops and a basic food
in regions where the qrowing season is too short or the rainfall
inadequate for othuer cereals. A substantial number of prople
gat barley in the Mediterranean region, Mideast, Indha, China,
Korea, Japan. the Andean region. and eastarn and northern
Europe.

Although improved barley varielies have been developed
mn the past tor browing heor and for cattle feed, varieties for
human food were virtually ignored by plant breeders. Most
barleys eaten by human populations have boeen low yielding
and suscepbble to disease. The graing of most barleys have
hulls that are useful in making beer or feeding cattle, but the
hulls are yenerally removed betore the grain is eaten by
humans, thus reducing weight and nutnients. Additionally,
harleys tor brewing becr have been bred for low protein
content, a disadvantage for a staple hurnan diet.

Since 1972 CIMMYT has assembled good breeding
sources tor nearly all characters necded in food barleys. Soeme
advancea lines now combine high yvield potential, wide
adaptability, and naked (hull-tess) kernels. But these lines as
yet do not have a suficient range of disease resistance.

Lack of adaptation is caused in part by sensitivity to daylength,
Varieties with sensitivity flowar only in tonger days, I
temperate zone barleys are planted in the tropics they may
flower too late, or not at all. CIMMYT brecders are able to
eliminate daylength sensitivity by growing ines in the winter at
a Mexican location 27°N and in the summer at 19°8 at
Batan. Since the winter lecation s on & desert at sea level and
the summer location is on a humid plateau 2200 m above sia
tlevel, the barley tines are subjected to different environments,
and only those that show wide adaplation survive

Drought und high temperatures which occurred at CIMMYT's
El Batan atatwon in the summeer of 1977 produced axcellent
aptdaruns of stope nist and scald, permitting selection of
resistant materads: and the eprdemic of leaf rust i 1977 was
the most sevare ever observad at this tocation. Pathologists



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 (o 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,
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Larliness
Quick-matunng barley is the only cereal which will produce
grain in many areas of the worid with a brief rainy season or a
short frost-free summer But barleys with short maturity
generalty are low yielding. Breeders are secking varieties
which matute 20-30 days beloreo existing commercial varieties,
and give acceptable yields

A Russian Iine. Supoer Precorz, flowers in 40 days and can
be harvested in 70 days i Moxico's summer season But yield
is not adequate

in 1976 CIMMYT conductad a yvield tal in G Obregon
station for early basleys. The mostnotable hnewas HjaC4725 x
Olli which yielded 4.7 tons in 82 days, while the commercial
check gave similar yield in 118 days

A related line M69 69-HjaC 1715 tested for yield st E1Batan
station in summer 1977 gave 2.9tons in 86 days in adry season
This 1s 25-35 days earhier than commercial vaneties, and yield
ts acceptable, despite only moderate disease resistance. Eariy
varieties tend to escape drought and the full effects of disecse
epidemics.

Gewinping natons that goifuce over K o
20,000 trwte 1ans of barlerg o g sr



Another 54 advanced lines of early barleys were placed in
yield tests at C. Obregon in wintor season 1977-78. These lines
have maturities ranging 70-95 2ays in the summer season atE|
Batan, and 90-115 days in the winter season at C. Obregon. The
best will later be tested internationally,

i iked arain

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, aimost half the Garley 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.

o 10 19727 the Third

-If!}rr'(n.i.'.er-’l.u-f_"\'_r'-’--,'
Yield Nursery,

WIth 24 entries was
sent to 35 focations,
The Fifth Inter
natiomal Barfopy
Observation Nursery,
with over 300 entrios,
Wils sent to 60

lacations,
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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 shrivelied 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

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 iodging resistance.

/ield potential

In the summer of 1977 approximately 100 advanced lines of
barley, developed by CIMMYT, were yield tesied at E| Batan
station. Desoite a drought which cut short the growing season
and hastened maturity, the four best lines of nulled barley gave
yields of 4.7 to 5.8 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
4.510 5.3 tons per hectare. These are remarkable yields when
one considers the loss of weight from lack of hull,

In the preceding cropping season at Ciudad Obregon
{1976-77 winter) 68 advanced lines of CIMMYT-developed
barleys were yield tected against checks of bread wheat,




durum, and triticale. The ten best barleys gave yields of 6.0-7 1
tons pcrhoc!are,w:ththreeur:g_;ationsandamoderatefertmzer
treatment of 120MN-60P The best wheat checks gave slightly
higher yiclds. During the flve-year period 1972-77 the hest
harleys in CIMMYT program have reached yield levels just
below the best bread wheats and durums, under disease-free
conditions.

Two large international barley trials were distributed by
CIMMYT in 1977 The Third International Barley Yield Nursery
containing 24 entries was sent 1o 45 locations

The Fifth Internationat 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 11977).

Countries such as Korea require winter hardinuss in their
barley, combined with the alyty of tne plant to tiller fast in the
spring and ripen early, so that barley can be replaced by
summier paddy by June 1. These varieties are most fikely to be
achicved by the crossing of winter and spring barleys. And the
crosses cannot be made in Korea.

Winter barleys are types that must be exposed (0 a cold
period to induce flowering. Winter barleys are planted i the
autumn, survive winter as seedlings and resume growthin the
Spring. Smce winter and spring barleys have cvolved in
different ecolomeal zones they have nuite distingt gonetic
pools. Through interbreeding each pool becomes anch source
of additienal genetic variability for the other pool.

Winter barieys from Korea, the USA Turkey, and eastern
fzurope are now planted in CIMMYT's Toluea station exach fall,
The veeather at Toluca is cold fnough to induce flowering in
winter barloy yet spring barley can be planted in January and
farge numbers of crosses can be made. Part of the F seed s
sent to cooperaing winter hariey breeders meluding Korea so
that winter barleys can be selected under thelr conditions
CIMMYT also develops spring barlevs from the crosses.

By using appropriate parents, brecdars beligve wintor
barley x spring barley crosses will lead to both winter and
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spring types that have higher protein content, better disease

resistance, better cold tolerance, and a broad spectrum of
malurities. 1
TG
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Up to 1978 nb national program had released a new barley

variety bred in Mexico. But the 64 countries riow collaborating
in the international barley trials are obtaining new and bettar
breeding materials from CIMMYT each year, and commercial
varieties suitable for most climatic zones should be availablein
the early 1980's.




Development of New Germ Piasm

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.

Prose ot v s

Most of the world's semi-dwarf spring wheats derive thieir short
height from the Japanese winter variety Norin-10. To broaden
this basc CIMMYT is employing three other varieties -—— Tom
Thumb (libet), 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 HuamantlaRojo. Nainari 60, and Pitic 62, aiming to add
more dwarfness to their proven vyield potential and
adaptability.

At the same time the dwarfing gene S948A1 has been
incorporated into the latest and highest yielding Mexican
wheats, which aiready inciude Norin-i0 in their pedigree.
These crosses involve Jupateco 73, Tezopaco 76, and Pavon
76. Itis hoped that a further shortening of the straw will enable
the progeny to converteven more of their dry matter into grain.

Hisumi is a very short winter dwarf, 45-55 cm tall when
grown in northwest Mexico. It has been backcrossed for
several generationstosome 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
Narino 59.

Protein improvement

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

In the second round of breeding, best progeny from tha
first crosses were backcrossed 1o supericr 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 inthe spring of 19781to
permit yield trials. One promising line gave 14.5 percent total
protein in ayield of 5.6 tons/ha. The check variety Siete Cerros
gave 5.7 tons yield with protein ievel of 9.8 percent.

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

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

Research on wheat
plants with
branched heads
seeks ta determing |
whether brianched
heads will permit
a larger number of N
qrams Per sguare S
meter of plants,
and thus increase
the yield,
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Just resistanae

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 planttypesunsuitable
tor commerciul varieties in most developing countries.

So the breeders are attempting to transfer genes for leaf
rust resistance in two ways: first, into a singlebreeding line that
can serve as a parent; second, by direct crosses into snme of
the latest and highest yielding Mexican spring wheats which
Are susceptible to leaf rust, includirg Super X, Inia 66, Ceajeme
/0. Yecora 70, Potam 70, Jupateco 73 and Zaragoza 75.

In another approach to leaf rust resistance, the breeders
are using the varieties Agatha and RL6010, each with one
dominant gene for leaf rust resistance. in a series of back
crosses tc high yielding varieties like Inia 66, Yecora 70, Potam
70 and Morocco. Cycles alternate between back crossesto 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 ail
the desirabie characteristics of Inia 66, for example, combined
with the leaf rust resistance of the variety Agatha {gene LR19).
This procedure should be equally efiective with otnher genes for
leaf rust resistance (LR, LR21, LR22, LR24).

Research continued in 1977 on the development of wheat
plants with branched heads. The purpose of this work is to
determine whether branched heads will permit alarger number
of grains per square meter and thusincreasethe yield ceiling.
In the early 1970's CIMMYT developed branched heads
which carried more grains per plant, but this novel architecture
was generally associated with poor agronomic type. poor
fertility. and poor grain quality. In 1977 most of these
characteristics were corrected. Twelve lines of branch-headed
oread 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 remzin.
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The breeders now believe it is possible to combine the
branched head with the best characters of thewheat plant. But
whether this will raise the yield ceiling is still to be proven.

More spikelets per head, more grains per spikelet

Another approach to higher yield ceiling is the breeder's
search for alonger 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
whea's. 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. Onelinein 1977 was giving 27-30 spikelets and 7-9
grains per spikelet when grown under commercial crop
spacing. This would produce 2to 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 tirying 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.



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 .« Agropyron,
wheat x Aegilops, wheat x Eiymus) were continued. These are
near relatives of wheat from which new sources of disease
resistance are sought. True hybrids have been developed from
all three crosses, but there has been no success in developing
fertile offspring from the third genera cross.

All work on new germ plasm described above must be
judged over 5-year or 10-year periods, not on a year-to-year
basis.

Physiology-Agronomy

The physiologists have been assigned the task of identifying
for the breeder inore 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;, 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 ofpli'ntsin a commercial crop. Some
nlant 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
reiation to the yield of a crop planted at normal densities. For
th -eason it is more difficult for the breeder to select those
olt. :s'with the highest yield potential in early generations

Physiologists al CIMMYT are studying early segregaling
populations to see if they can identify characters at an early
aeneration (F) which correlate with highyield potential in later
generations. (F: FREES)

To make this study. plants were randomly selected in F
from many CIMMYT crosses. Observations were madeofmore
than 30 characters in F Thereafter seed from the plants was
nereased to permit yield trials grown at coinmercial density in
generations Fa, Fi and F. Correlation is then made between
high yield in advanced generations and the characters
observed at F.. For those characters which show good
correlation. further studies are madeto define more accurately
how they might be used as selection criteria 1n early
generations

The first F. vield trial in this study was conducted in 1977,
and the one season result is encouraging Estimating the
stomatal aperiure (the size of pores in the leaves) with amass-
ife) ster on the Foplants gave a more accurateestimate
the F. generation:than did the breeders visual
s will Be made of this as.a selection criteria in

A drought trial was conducted on 29 bread wheats, three
‘.'J”.I"T‘.%’ and four triticales at three levels of moisture

Pints under ‘early drought® received one irrigation at
sowing, a second at 67 days, and a third at 97 days Plots
axposed to 'latedrought’ received one lirigation at sowing anc

2 sacond at 35 days Rainfallwas35mm forthe season. Control

Zots received the normal 6 irrigations considered necessary

for full exp siorof vield potential in northwest Mexico

ome of the newer bread whneat lines showed better yield

Araiaht tress than the older varieties. The highest




with six irrigations was 7.3 t/ha

Some early barley lines yielded extremely well in a trial
with only a planting irrigation (about 150 mm of irrigation plus
24 mm of rainfall). The best line, Mona Arivat, yielded 5.9 t/ha
under these extreme drought conditions and matured in 88
days. Thisis a yield of over 44 kg/ha for each dayin the ground,
whereas the highest yielding variety in any physiology plotin
1977, under full irrigation, 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 tvpes of drought, or
different soils or different temperature regimes prevail

CIMMY T physiologists have conducted a series of studies to
determine whether leaf angle of the wheat plant is a factor in
vield potential. These studies were prompted in part by the
high yielding rice varieties bred bty the International Rice
Research Institute with upright flagleat. Similar wheat varieties
can be developed if leaf angle were found to be a significant
factor in yield potential

Physiofogists

onithe rrontier

Hehween appoligd

SCipnce
hiological

Studying

olaracters thalt

i the b
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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 Fj populations of crosses between one
erect-leafed parent (Erect RAF) and three high yislding
Mexican varieties, Siete Cerros €6, inia 66, and Yecora 7C.
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,
leat 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 yicld are
negligible. Therefore, increasing the yield potential oi wheat
under optimum conditions is of interest to CIMMYT, since it
relates to yields also urder 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 vyield 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 yieid.

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 day-
length. Day-length axtension advanced the date of flowering,
and reduced yield in proportion to the number of days that
flowering was advanced.



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 pet unit area.

Nitrogen trials

Different sources of nitrogen were tested for their agronomic
effectiveness. The sources of nitrogen used were urea,
ammonium sulfate, ammonium nitrate and sulfur coated urea.
Urea, ammonium sulfate and ammonium nitrate always gave
similar results although at the higher raies of N application
urea gave higher yields than the other two sources, sometimes
significantly. All three fertitizers were consistently superior to
sulfur coated urea under growing conditions of the trials in
Northwest Mexico. In a combinatinn 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 cf 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, Cocor:it and Celaya respectiveiy, as compared to
their respective checks. The most competitive crop was barley
(variety Celaya). Thisisdue to the early seedling vigorofbarley
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 (Puccirma recondita) attacked
the principal commercial wheat area of northwest Mexico in
the winter season 1976-77. Seventy percent of the crop was
planted to the variety Jupateco 73. which is susceptible to leaf
rust

The Government of Mexico orgamzed an aggressive
program of aenial spraying with fungiciaes. in frelds where no
fungicide was apphed. Jupateco 73 vielded as low as 800
kg ha. whereasinfields cffectively sprayed. yreldswere as high
as 6 tons ha

The circumstances behind thisepidemic aredescribed i a
report at the back of this Review. together with conc'usions

During the epidemic CIMMYT conducted commercial-
sizes tnals on the use of fungicides as control agents aganst
leat rust. The results are reported beiow

In one fungicide trial. a 25-hectare field of Jupateco /3 was
divided 1nto blocks of 51to 6 hectares for fungicide treatment,
anr a one hectare area was reserved as a check Yield data
were taken by commercial combine The tungicide indar was
appheditrominhe airattnerate of 800cc pirhectare and gave an
average 54 percant yield increase compared to the check The
furgrcide Bayleton was applied at 1kg haand gave 32 parcent
increase n yeld Both treatments were economic (vatue of
crop saved greatly exceeded the cost of treatment)

Bayieton showed excellenteradication ability atkatied rust
pustules already formed) whereas Indar served o provent now
pustules from forming after treatment

In a second trial, indar was applhied to irngaton water 60
days atter crop emergence of the vanety Jupateco 73 which
already showed 10-12 percent leaf rust infection The
tungicide taken up by the plantroots as a systemic in creased
yieid by 13 percent 200 meters from the point of apphcation
indicating  excellent dispersal  and demonstrating  both
feasih:ity and ecoromic payotf of this methoa
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Gibberella bhgnt 15 a tungus disease of wheat commonly
known as “head scab’. which 0ok a heavy ol in southern
Brazil and Argentina in 1977 and s endgemic in Jaoan and



China CIMMYT 15 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 scah but
Japanese resistance has been generally associated with
wheats of poor agronomic type. high susceptihility to stemn
rust. and poor baking quality Argentina has developed one
source of resistance in the variety Klein Atlas In Brazil crosses
are being made between Brazihan wheats and Asian varieties
which have some resistance tn scab. especially Japanese such
as Minami Kyuchu, Nibiaka. Nyu Bay and Peking 8. Fragressin
brecding for resistance to the disease is slow Chinase
breeders say they have no wheats with strong resistance to
scab.

The USA ehminated 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 twn Crops served
as alternate hosts to the fungus. winter and summer. until the
wheat crop moved farther westinto drier areasand the chain of
continuous infection was broken. This solution is not feasible
in some countries where the disease is now endamic. Hence
genctic resistance is sought.

Propiirang plots tor

Teopantiy at Ei Batan,
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International Wheat Tesling

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. |dentical 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 1year 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 Americain the
tate 1950's. When the Mexico program received itsfirsttrainees
from outside the Americas in the early 1960's the idea of
waorldwide tests was a logical expansion. The First
International Spring Wheat Yield Nursery in 1964/65 was the
beginning. Other types of nurseries followed. Nurseries are
sent out annually in triticales, durums and barleys as well as
bread wheats. Some nurseries consist of F. seed, others
contain advanced generations, still others released varieties
Certain nursery trials are replicated, others are not.

The nurseries are a mechanism for distributing germ
plasm. Any entry in any nursery can be used as the i>zal
breeder sees fit. He may use an entry as a parent for making
crosses with local varietias, 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,
CIMMYT summarizes and publishes the results for distribution
to all collaborators and other interested scientists.
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East Asia
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Bangladesh
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Indonesia
Japan
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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;and F.) 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 aclvanced lines and
varieties of bread wheat, some 1900 were evaluated in 1977 for
milling, protein percent, mixogram, alveogram, sedimentation
and bzking.

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 aipha-
amylase activity and sprouted grain has been observed, lines
with the highest activity exhibiting the highest sprouting inthe
field. With the use of this test, the lines with tendency to sprout
will be discarded from the program.

In triticale, 497 high yielding linesthathavzgood 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 thatis better
for cookies than the soft bread wheat normally used for making
this product.
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Since 1966 over 400 wheat scientists have received in-service
training in Mexico. During 1977, 41 young scientists from 21
nations were trained.

Thetraining program lasts 3to 7 months. Itaimsto 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 candidatesin
a particular year depends upon the ability of each government
to ¢pprove study leaves for young scientists. (See table.)

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

o frists

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.

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

In 1977 the head of the wheat training staff in Mexico spent
several weeks in Tunisia and Algeria, helping lay p'ans for
additional training programs to be carried out in 1978.
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Orlgin of Wheat in-service lraipees, 1966-77.

1 1966-
1977 1977 1977 1977
Latin America 118 10
Argentina 12 9
Bolivia 5 3 Alrica, South of the Sahara 40 7
Braz 17 0 Ethioma " 2
Chiie [ 0 Kenya 7 1
Colomb:a 4 0 Malagasy 1 0
Dominican Reputlhic 1 0 Nigeria 14 3
Ecuador 10 1 Somalia 1 0
Guatemaa 5 0 Tanzara 3 0
Honduras 1 o Zarre 1 0
Mexco 40 2 Jamtnd 2 ]
Panama 1 o]
Paraguay 4 1 South. Southeast & East Asia 83 10
Pety 11 3 Atchan:stan 13 0
Uruguady 1 0 Bangladesh 17 3
Ind:a 6 1
North Alrica & Mideast 159 14 ®wnrea South 7 1
Algeria 42 4 Mepal 7 3
Cyprus 1 0 Pakistan 33 2
Egyp! ] 2
lran 8 2 QOther countries 17 0
lrag 5 1 France 1 c
Jorcan 3 0 Hungary 1 4]
Lebanon 4 0 Paland 3 ]
woya 4 0 Portugal 1 0
Moroccod 18 1 Romania 2 0
Saud Arabia 1 Q Spamn 2 0
Sudan 3 o USA 4 [¢]
Syria 5 1 USSR 3 0
Tunisia 23 1
Turkey 30 4 Totatk
Yemen 3 0 Countries 51 21
individual's 417 41




Wheat Conperative Projects Cuiside Mexion

During 1977 CIMMYT had posted four wheat scientists to work
with regional wheai programs outside Mexico and five to work
with national wheat programs.

In three regions of the world wheat growing countries nave
entered into cooperative arrangements to improve their wheat
crop. Regional groupings generally comprise neighboring
countries in which wheat is a major crop, grown under similar
climatic conditions, exposed to similar diseases, and
benefiting from continuous exchangeof technology. Typically
a regional program will sponsor: (1) an annual workshop
among wheat scientists, (2) circulation of uniform nursery
trials. (3) visits by loczl scientists to observe wheat research in
neighboring countries, (4) more training in the region, and (5)
consultation by CIMMYT scientists.

At the clos: of 1977 CIMMYT wheat scientists were
stationed in the following regional programs:

Number of 1978 Wheat CIMMYT  Dcnor of Yearregional
Wheat region & cooperating population crop assigned  restricted arrangement
headquarters countries * (millons) _(tons)  slalf 1977 core funds  began
Mediterranean, 22 1040 69,000,000 2 Netherlands 1973
Mideast & South
Asla (Egypt &
Turkey)
East Africa 14 106 1,000,000 1 Canada 1976
(Kenya)
Andean Reglon 5 69 330,000 1 Canada 1976
(Ecuador)

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 aadition 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 participater. in cooperative
arrangements during 1977:

Start of CIMMYT Approximate
CIMMYT assigned wheat crop
Country arrangement staft 1977 (tons) Donor*
Pakistan 1965 1 7,000,000 USAID/Ford
Tunisia 1968 1 1,400,000 Ford
Algeria 1971 2 2,900,000 Ford
Nepal 1976 1 300,000 USAID

+CIMMYT requires ‘extra core funds’ for support ot each national
arrangement,

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.
Mediterraresn and Midessi Begion
Since 1973, a unique disease warning system has been
operating with cooperation of cereal growing countries
stretching from Morocco in the west to the Indic: sub-
continent in the east. North-South the region extends from
southern Europe to East Africa.

Two CIMMYT pathologists are assignied to the project, one
headquartered in Egypt. the otner in Turkey, both able to make
regular trips to monitor epidemic levels of wheat-barliey
diseases and to cooperate vith the internaticnal Center for
Agricultural Research in Dry Areas (ICARDA) at Aleppo, Syria,
and Tabriz. Iran. The Project operates as follows:

International wheat-barley trials are distributed each year
as (1) a trap nursery. and (2) a disease and insect screening
nursery and other trials.

A trap nursery consists of small plots of the principal
commercial varieties of wheat-barley grown in theregion. 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 beissued to
the governments concerned that this variety will need
replacernent in future years.

A disease screening nursery consists of small plots of
experimental lines of wheat-barley, gathered from national



programs of the region and CIMMYT. Thesetrials are likewise
€xposed 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
sclecting 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.

Tesiing is so widespread that it js 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 wiil reach
certain countries of the region and thus warn thegovernments
when substitute varieties are urgently needed. More
information or weather systems is needed before predictionis
posstble,

Laboratory identification of the races and virulence 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 tec oot oty program

Starting 1n 1976 CIMMYT assigned one wheat breeder to the
East African highlands. This operation is headquartered at the
Kenya National Plant Breeding Station, Njoro, elevation 2300
meters, about 200 kilometers northwest of Nairobi, near
Nakuru.

Fourteen countries of this region together produce more
than 1 million tons of wheat: Botswana, Burundi, Ethiopia,
Kenya, Lesotho, Madagascar, Malawi, Mozambique, Rwanda,
Somalia, Swaziland, Tanzania, Uganda, Zambia.

In 1977 this regional program held its first workshop at
Njoro for 23 wheat scientists from 12 African countries. The
warkshop focused on the potential for triticale in the region.

In 1977 the first Africai, Cooperative Wheat Yield Trial was
grown in replicated plotsin 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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Tunisia national wheat program

Tunisia imported as much as 400,000 tons of grain a year
during the first hali ot the 1970's, but reached approximate self-
sufficiency in 1976 and 1977.

National population will pass 62 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. toyether with recommended practices. The
proauction 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, partiy to
national policies. and partly to excellent research. Tunisia was
the bread basket of the Roman Empire and itis again exporting
to Rome.

CIMMYT's 5 scientists posted in Tunisia in the late 1960's
were gradually reduced and the jast resident scientist was
withdrawn in 1977.

CIMMYT staff will continue to pay short visits.

Algerian national cereais program
Algeria's population of 18.3 millions (1978) has been
increasing by 3.2 percent a year. Algeriaexperienced adecade
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 all-time record harvest
estimated at 2.9 million tons, partly attributable to good



weather, partly to good government policies, partly to good
research. In 1977 grain production was only about 1.5 million
tons. This was rnainly 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 zereals
program. FAQO and Caisse Centrale of France also lent
technical staff.

An ambitious training program during 1871-77 sent more
than 60 Algerians abrcad, including 42 forin-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 technoiogy.

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 nalional wheat-maize oG
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 staft
which tests the annual wheat and barley nurseries from
Mexico, conducts local breeding, and places trials on private
farmers’ tields.
The CIMMYT wheat scientist in Nepal concluded his
assignment during 1977.
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ceonomic Siudizg

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 biclogical scientists and policy
makers to make technology and policy more consistent with
the circumstances of farmers, by joining with CIMMYT maize
and wheat staffin their training programs, and by collaborating
with maize and wheat staff on special projects.
CUTEOIGYy el i

Ecoriomists 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 agricuitural scientists, if the resulting technologies
are to be made acceptable to farmers. Given this concept,
economists at CIMMYT encourage collaborative research
belween 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
hiological 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 senstivity to
farmers’ goals and constraints, his awareness of aiternative
uses for farme-s resources, and his concern for markets. The
economist also supplies knowledge of survey techniques, of
data analysis, and of policy issues important to national
programs.

The economist helps to organize surveys which are
designed to obtain information about why farmers manage
their enterprises the way they do, what compromises are
forced on tarmers 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
tarmers’ 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.

Simitarly 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 findings 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 studies
were based in Mexico and travelled to developing countries. As
the number of studies increased, some economists were
posted to maize and wheat production regions outside Mexico,
where they are closer to national institutions.

Regional economists

The concept of regional economists was approved by CIMMYT
Trustees in 1975. By 1978 economists had been posted to four
regions.

The first regional economist went to eastern Africain 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 thatarea. Six surveys were



completed by 1977. In one study the importance of the maize-
potato rotation led to a joint CIMMYT/CIP study.

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

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

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

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

Training

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

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

NMational 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 vyears, concentrating on varietal improvement and
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agronomie practices  National officials asked CIMMYT to
axamine their entire wheat economy

CIMMY T brotogical scientists and economists jointly
prepared bachground papers, participated in a workshop on
each country. and propared recommendations to national
officials

The owoenence e.agested new ways for collaboration
with national proarams and for collaboration within CTIMMYT

During 1977 CIMMYT Trustees ashed the staff to begm anew
activity -- orgamzing a senes of seminars among agricultural
aolicy makers from develomng countnes

The reasonming bemind this imitiative was (1) improved

factar i rasing food production: (2) sound agncultural
polices dare equaily impaortant i assisting farmers: (3) pohcey
MAkers AN oacnange axpenaences on deasion makingif grven
opportuniyy  to moet togeter and ) CIMMYT s an
appropnate mstitution to sponsor gathenngs among pohicy
makers

Foiiowing this tnought. the Trustees approved & 3-year
project inwhich the first year (19781 would be devotad to the
oreparation of case studies. and the remaining two years to
sepunars bringing together senior agncultural pohicy makers
- about thres seminars a year. each lasting 2-3 weeks, each
with 30-3% participants Majorthemes ol the seminars would be
the crit,cal importance of farmer circumnstances and of
technical retationships in policies relating to the development
and ditfusion of new technology

For purposes of thase seminars agnicuttural pohcy makers
are described as public officials below the rank of vice-minister
and in postticns of leadership for crop research, agnouliural
extension. agrculturai credit, mput supply and subsichy, price
support and storage programs. and othar public pohicy areas
which influgnce the diffusion of new agncultural technology
Since many of these decisions are mace outside of Ministies
of Agniculture. participants wilt comae from a broad range of
Ministries.

CIMMYT Economics Group was asked to provide
teadership in this project. 1o enhst the skills of outside
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Laboratosy Servico:

CIMMYT maintains laboratories which perform central
services for all crop programs.

] 3

Protom gueains e sty

The Protein Quality Laboratory analyzed approximately 23,000

'es of grain in 1977. of which about 75% were maize, 15%
wheat and 4% barley.

2. the laboratory analyzes most samptes for total
protei.. ..d for the aminio acid tryptophan Micro-Kjeldah! and
colorimetric procedures are employed to obtlain these two
measurenmients 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 guality in 800 whole kerne! 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
(nitrogeir content) and protein quality (DBC procedure) are
anafyzed. 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.

N
jv“

Biological evaluation

CIMMYT no longer maintains an animal feeding laboratory but
contracts with outside organizations for biological feeding
trials. In 1977 the most promising six triticales and seven corns
were tested using animals at the Mexican National Institute of
Animal Research and the Danish Agricultural Experimental
Laboratory.



During 1977 protein laboratory technicrans from tive countries
roceived traiming i the CIMMYT protein laboratory in Mexico
(Ecuador 1. Pakistan 1. Peru 1, Philippines 1. and Thailand 1).
CIMMYT biochemsts wisited protein laboratories in three
developing countnes (Egypt. Ecuador, and Guatemala) 1o
advise on testing procedures and equipment. 1 this way
CIMMYT keeps i touch with a network of laboratories.

This laboratory ran tests in 1977 on more than 10,000 samples
of soil, water and plant materials submitted by CIMMYT
program units.

Included were 3458 soil samples studied for pH, organic
matter. nitrogen. calcium, magnesium, potassium,
phosphorus. micro-elements, nitrates, electric conductivity or
cation exchange capacity. Most of the studies served as
background for fertilizer trials. The work was reguested by
CIMMYT program units in Agronomy, Physiology, Experiment
Stations. and Training.

Thirteen samples of irrigation water were analyzed for
soluble salts, sodium, and boren

The plant nutrition side of the laboratory studied 6802
samples of vegetal tissue and grain Most measurements were
for nitrogen. to determine the uptake of fertitizer: or forsugars,
to determine the yield limiting factors in crop varieties.

The Soul and Plant
Nute onbaboratory
1 fests o e
than 10000 amplos
ot siv /ot
LRt enatorans
sabonulteg b,

CIATATY D neognam
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Experiment Station Management

CIMMYT has conducted research at seven stations in Mexico
during 1977 and 1978. Three are under Mexicc's National
Agricultural Research Institute (INIA), and four under
CIMMYT. Some characteristics of these stations:

Hectares used by

Station Elevation Latitude CIMMYT
CIANO-INIA 39 m 27° N 165

Los Mochis-INIA 40 m 26°N 2

Rio Bravo-INIA 30 m 26° N 1

E! Batan-CIMMYT 2240 m 19° N €6
Toluca-CIMMYT 2640 m 19° N 69

Poza Rica-CIMMYT 60 m 20°N 42 (twice ayear)
Tialtizapan-CIMMYT M40 m 18° N 31 (twice a year)

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

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

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

At Poza Rica station, a flood control wall along the Poza
Rica river was build after a flood in 1975, and further reinforced
during 1577,

Training and consulting

Since 1973, persons interested in experiment stations
management from 24 countries have received training at
CIMMYT'’s stations in Mexico for periods of two weeks to six
months. During 1977, 43 training participants came from:
Bangladesh 1, Costa Rica 2, Egypt 2, Kenya 1, Tunis 1, Pakistan
3, Yemen 1, Honduras 3, Mexico 7, Syria4, Colombia 4, Zaire 2,
Tanzania 2, India 1, Guatemala 2, Caribbean countries 7.



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 volumethat CIMMYT added a
Training Officer for this purpose at El Batan in 1977,

Statistical Services

Services of the statistical unit expanded greatly in 1977-78.

For the first time the international yield nurseries of the
wheat program were analyzed within CIMMYT on its own
cornputer 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. Severai 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 bookiet, 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 Enghlish 68 7,500

diseases and pests Spanish 68 7.500
Grain production potentials in

developing countries:

World implications English 68 500
A second look at the Green Revolution English 78 500
Genealogies of 14,000 wheat varieties English 119 2,000
Maize
Maize training in the International

Maize and Wheat Improvement Center English 4 517
CIMMYT 1975 Maize Improvement English 64 2,000
Maize improvement: A multi- English 4 500

disciplinary approach Spanish 4 1,100
Current status of plant resources

and utilization Spanish 5 1,000
Economics
Maize production patterns in

southern Zaire English 12 1,000
Notes on the role vf rural Pakistani

women in farming in the northwest

frontier province English 4 1,000
Administration
This is CIMMYT English 32 10,000

Spanish 32 5,000
CIMMYT Review 1977 Engtish 99 6,240
CIMMYT Today: Turkey's wheat English 20 5,250

research and training project Spanish 20 4,800
Miscellaneous
Soils derived from Volcanic Ash English 102 2,000

in Japan

° English, Spanish and French



The serial, CIMMYT Today. continued with one issue
publiched during the year. Articles in CIMMYT Teday 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

Maitineg fist
CIMMYT's general mailing list for publications now contains
4600 addresses classitied by interest: 25 percent wheat
specialists, 25 percent maize specialists. 38 percent general
agriculturalists and 12 percert 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

Fagdio vinnais

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 afilm archive.
Voo aevioe

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 E! Batan, where
norecords are kept A number of busloads of visitors were sent
to El Batan by agribusiness in the U.S. The Visitors Service
gives these tour groups a slide lecture and brief walking tour of
the headquarters

[ P e e
sty oo Ul

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. Thelibrary also serves as
liaison with Mexico's National Agricultural Library (73.000
volumes, 1,400 serials) which is located 10 km from CIMMYT.
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Special Report:
Leat 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 stateswhere
about 70% of the Mexican wheat crop is produced on 350,000
hectares of irrgated lanc

In most years first symptoms of ieaf 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 leal rust appeared in January in Sonora State.
CIMMYT pathologists were invited by the Mexican Ministry of
Agriculture and Water Resources 10 participate in an
emergency rust survey of the northwest. All commercial fields
of the variety Jupateco 73 were found to be attacked by ieaf
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, atown in Sonora State S0 kilometers
south of Cd. Obregon.the infection on Jupateco 73reached an
infection rate of 70S over large planted areas (the rating 708
means that fungus covered 70% of the leaf area of the plant
which it is possible to cover with susceptible pustules). Around
Cd. Obregon and toward the coast, 20 kilometers from
Obregon, the infection level varied according to the planting
date of the crop. But invariably Jupateco 73 was infected.

in the valley of El Carrizo, 200 kilometers south of Cd.
Obregon, the infection was even worse, because of the earlier
planting of wheat and more humid environment. The attack at
El Carrizo indicated that rust was widely present in December
1976, and had increased massively on the early commercial
crops. Leaf rust may cause 80-100 percent loss of yield when
young plants are attacked before the boot stage.



The survey concluded that a series of interacting factorsin
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
rasistant reactions in most plants, segregating to rare plants
which had susceptible reacticns. Thus, virulentbiotypesofthe
fungus were known to be present as early as 1973 and
increased their prevalence ‘'n subsequent years. Newracesofa
fungus do not “explode” from one season to the next, but build
up gradually

(2) Because water ir the nearby irrigation reservoirs was at
a record low level in 1€76-77 due to several years of drought,
the cropping areain th2 summer of 1976 had been reducedto 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 throughiout the 1976
summer within the commercial cropping area.

(3) Farmers in Huatabampo and along the coast took
advantage of the rains of hurricane Liza (September 1976) and
planted wheat immediately. The gap between the wheat
harvest in May 1976 and the normal recommended dates for
planting (November 15 to December 15) was thus reduced by
almost 2 months. These early plantings received inoculum
from the volunteer plantsand developed severerust symptoms
at tillering.

(4) Late plantings, up until January 20, 1977 were aiso
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 inocutum already present, and the
heightened susceptibility of Jupateco 73 at tillering stage and
gariier.

(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
controi in 1977:

(a) A prompt survey of farmers fields was made to assess
the ex*ant 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 saftiower. 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
teaf rust.

Some observations can be drawn from the results of this
spray campaign:

Farmers in El Carrizo, where no fungicides were applied,
obtained low yields of 800 kg/ha or less of poorly filled grain.

In Yaqui Valley the sprayed plots yielded over 5 tons/ha
which is significantly higherthan the non-sprayed plotsin 1977
experiments performed on a semi-commerciail 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 studiesonthe
fungus virulence, ensuring availability of seed of new varieties,
and some sort of legislation to restrict the planting of a single
genotype.

Santiago Fuentes



Impact of High Yielding Wheat Paclcage
in Less Developed Countries
During the Crop Year 1976-77

The U.S. Department of Agriculture is publishing in 1878 the sixth
edition of its widely quoted publication, "'Development and Spread of
High-Yiclding Varieties of Wheat and Rice in the Less Developed
Nations.” This study is the work of Dr. Dana G. Dalrymple, economic
vesearcher for the U.S. Government and long-time analyst of agricultural
changes in developing countries. Dalrymple made available to CIMMYT
the wheat data in his latest study, and CIMMYT is able to summarize
here some Hindings based upon Dalrymple's work, supplemented by
previously published information concerning the short wheats.

Word of caution:

In his introduction Dalrymple asks the reader to treat the data on high
yielding varieties as approximate, because not all the information
is based upon the same definitions, or the same precise time period,
or the same quality of crop reporting. The study, nevertheless, offers
the most comprehensive data available, and provides a useful measure
of the impact of the semi-dwarf grain varieties in one crap year:
1976-77.

How widely are the new wheats grown?

Dalrymple received reports indicating that 29.4 million hectares of the
HYV wheats were harvested in 24 developing countries in the crop
year 1876-77 (July-June). Other developing countries are known to be
planting HYV wheats but have been omitted from the summary for
lack of firm information. The report also omits all communist
countries, plus Taiwan and Isarel.

The last previous edition of this study (1976) found 19.3 million
hectares of HYV wheats in 15 countries in crop year 1974-75. The
countries surveyed in 1976 and 1978 are not identical, hence the in-
creased spread of the short wheats from 19.3 million hectares (1976) to
29.4 miliion hectares (1978) did not occur only in the two-year
period.

High-yielding varieties now cover 48 per cent of total wheat area
in the 24 countries reported by Dalrymple.
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Table 1. Estimated area of high vielding wheat varieties grown in 24
developing countries, 1976-77 {July-June).

1976-77 197677 1976-77

Hectares Total Percentage
in HYV Hectares of hectares in
Region and country Wheat in wheat HYV wheat
South Asia
Bangladesh 118,600 160,000 73%
India 14,696,000 20,454,000 2%
Nepal 254,200 348,000 73%
Pakistan 4,606,000 _6,111,000 75%
Sub-total, 4 countries 19,672,800 27,073,000 73%
Mideast
Afghanistan 770,000 3,000,000 26%
Algeria 400,000 2,150,000 19%
Cyprus 29,000 65,000 45%
Egypt 125500 86,000 2%
lran 150,000 5,000,000 3%
Lebonon 25,000 60,000 41%
Morocco 300,000 1,921,000 16%
Saudi Arabia 33,400 57,000 59%
Tunisia 228,400 1,050,000 22%
Turkey 1,300,000 _8,600,000 15%
Sub-total, 10 countries 4,400,000 22,489,000 207
{rounded)2
Tropical Africa
Kenya 23,300 120,000 19%
Nigeria 3,200 5,000 64%
Rhodesia 15,000 28,000 54%
Sudan 150,500 200,000 75%
Sub-total, 4 countries 225,000 353,000 %
{rounded)?
Latin America
Argentina 2,800,000 6,428,000 45%
Brazil 650,000 3,624,000 18%
Chile 193,000 628,000 3%
Guatemala 35,000 48,000 73%
Mexico 785,000 885,000 89%
Peru 1,000 140,000 1%
Sub-total, 6 countrit 5,100,600 11,753,000 A3%
{rounded)2
Total, 28 countries 29,397,000 61,668,000 48%

Sources: (1)  Hectares of HYV wheat from Dalry.ople.

{2) Totat wheat hectares from USDA Circular FG 8-78.
May 17, 1978.
(3)  Percentages extrapolated.

Footnotes: 1/ Although hectares of HYV wheat for crop year 1876-
77 are used when available, data from nearest availa:
abie year are substituted when necessary.

2/ Sub-totals for Mideast, Tropical Africa and Latin Ameri-
ca under column for HYV hectares were rounded by
author to adjust for uncertain data.
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Table 1 summarizes HYV wheat performance in 1976-77 as reported
to Dalrymple.  Seven nations are identified as now using HYV to
plant more than 70 per cent of their total wheat crop; these are:
Mexico 89 percent, Pakistan 75 percent, Sudan 75 percent, Bangladesh
73 percent, Nepal 73 percent, Guatemala 73 percent, India 72 per-
cent.

if comparison is made for greatest number of hectares, India and
Pakistan lead the world with 14.7 and 4.6 million hectares, respectively.

The 12-year adoption pattern:

The year-by-year increase since 1965 of the HYV of wheat cannot be
measured for all 24 countries. Data are not adeqguate. But such a
record is complete for the four South Asian countries in the survey,
and the Asian experience may be indicative for other countries.

Tablr 2 shows the 12-year adoption 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, Estimated spreading of high vyielding wheats
in South Asia 1965-77, as a percengae of total wheat
in each country.

Bangladesh __india __ ___Nepal _ Pakistan
Year 000ha ©% 000ha Y% 000ha % 000ha %
6566 - - 3 ° ' 1 5 °
66-67 - - 540 4 6 5 100 2
67-68 -~ 2942 20 24 13 957 16
68-69 7 4792 30 53 26 2387 38

8
6970 9 7 5004 30 75 34 1681 43
707t 13 12 6542 36 98 43 3128 52
7172 15 12 7858 N 115 52 3286 57
7273 2 18 10007 51 170 66 3375 56
73724 29 23 10911 57 206 76 3472 59
7475 33 23 11778 62 246 8BS 3682 62
7576 108 71 13458 70 234 78 4016 69
7677 116 73 14696 72 254 75 4606 75

Sources: (1) Hectates of HYV tram Datrymple.
{2) Total hectares of wheat from U.S. De
partment of Agricultute
{3} Parcentage extrapatated
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. What is average yield increase from the HYV package?

Average yields of high vyielding 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 in-
volved. But as the proportion of totai wheat land planted to the new
varieties increased, average yield increase dectined.

For example, in India the high-yielding pachage outproduced the
traditional varieties by 200 percent during 1965-70 (roughly 2400 kg/ha
compared to 800 kg/ha). But at the end of zight 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 conserva‘ive figure will be used later ir 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 them-
selves 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 wbewell or apply fertilizer and herbicide, or expand



his hectares of wheat, Similarly it is more productive for a governmant
to provide a larger supply of agricultural chemicals or a support price
for wheat.

Therefore, letit 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 calcula-
tion uses 1961-65 average annual wheat production in 24 countries
as the base period, and the year 1976-77 as the terminal year. In
other words, annual wheat production in the 24 countries had increased
by 41 million metric tons at the end of the period.

(2) The 41 miilion tons of wheat could provide the carbohydrates for a
diet ta 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 (¢} two-thirds of this average diet,
or about 1500 calories, consists of cereals or tubers.

(3) Not all the 41 million tons of added wheat can be attributed to
the HYV package. We lack precise harvest data on the HYV package,
but there are several methods by which we can approximate the produc-
tion.

(a} First, we can use land areas planted in wheat. Table 1 shows
48 percent of wheat in the 24 countries in 1976-77 was planted with
the HYV package, at least 48 percent of the harvest is attributable
to the HYV package (48 percent of 41 million tons = 19.9 million
tons}). That is a very conservative estimate, because it assumes that
the yield per hectare of the HYV package and the traditional package
were the same.
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Table 3. Wheat performance in 24 developing countries which

introduced  the

196577

high-yielding wheat package during the twelve years

Production of wheat
(Tons 1000 1
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LAver |
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{b) A second method compares countries which used the HYV
package and those that did not. For this test we chose six
developing countries ecach 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
broduction by 35 percent between 1961-65 (base line) and 1976-77
fent yven . We assume that the same 35 percent improvement could
have occurred o Dalrymple's 24 countries in the absence of the
MYV package.  Thetefore we attribute the other G5 percent of
wheat improvement to the HYV package.  That equals 26.7 million
tons incredse attnibutable to the HYV package 1or the test year.

These approaches, (a) and (h), give different answers of ascending
magnstude - 19.9 mithion and 26.7 million tons of wheat. Both answers
are highly creditable to the HYV package.  The average of the answers
toabiout 23.3 mitlion tons.

How much is the increased wheat worth?

Hothe 24 developing countries had imported the additional wheat
mstead of producing it with the high yielding package, they would have
sient shout USS3.3 billions in foreign exchange on additional grain
mports o the single vear 1976-77. This caleulation is based on a price of

SHAHG & ton, the average price of U.S. and Canadian whuats moving in in-

ternationagl trade, CIF Amsterdam, during 1876-77.

The estimate of USS3.3 bitlion s not, of course, a net saving. The
farmens in these 24 countrios incurred expense for sced, fertilizer and
machimery and added their own fabor.  Nevertheless, the net savings to
the 24 countries obviously runs to hundreds of millions of doltars per

Yed!
What about the future?

The number of future adopters for HYV will siow down in India
and Pakistan and any country where HYV are alieady planted on
50 90 percent of total wheat land. This does not mean a slowdown
of henefits from the high-yielding package. Benefits wil! not only
continue, but probably grow

Take Mexico tor example. The planting of HYV of wheat in Mexico
mncreased to 90 percent of total wheat land in the 1960s and remain-
ed at about 80 percent during the 1970s. Yet Mexico's average
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yield of wheat per hectare continued to climb in the 1970s as better
varieties, better production practices {especially more fertilizer), and
better government services were introduced in the 1970s. Here is
how the Mexican yields of wheat appear in the FAO Production
Yearbook:

Average Yields in Mexico

1961-65 2085 kg/ha
1966-70 2683
1971-75 3246
1976 4202

Mexico doubled its average wheat yield in the 1970s, after already
doubling its average yield in the 1960s. Clearly, when a country
adopts its first generation of HYV wheat, the process of rising yield
is only beginning. It is the aim of each national wheat program and
the network of wheat scientists world-wide to ensure that the
benefits continue to mount.



1977 CIMMYT INCOME AND EXPENDITURES
{Except from CIMMYT Auditors Report 1977)

Thousand USS

Core unrestricted income. . P
Canadian International Devetapment Agency
Denmark .

Federal Republic of Germany

Ford Foundation .

Inter Amencan Develupinent Bank

International Bink for Reconstruction and Development

Iran A

Rockefeller Foundation

Saudr Arabia

United Kingdom . . .
U.S. Agency for tnternatio ol Development

Core restricted incume . e
Canadian International Development Agency
Andeasn Reqion and East Africa
Federal Republic of Germany
Collaborative Research
Japan
Wheat Pathology
Netherlanas .
Wheat Disease Surveillance
Switzerland . .
Centrat Amencan and Canbbiean Maize
UN. Development Programme . N
Quality Protein Maize and East Atrica Economics
Unexpended balance trom previous year

Extra care grants and cooperating projects income .
Canadian Internationgl Develapment Agency
Peru
Federal Republic ot Germany
Training and other
Ford Foundation

Projects in Notth Atrca, Pakistan and nuscellaneous

training
Inter Amencan Development Bank - Training
International Development Research Centre
Tuticale Abstracts and ICRISAT Sorghum Project
International Potato Center
Reqionat Resvarch
Norveegian Agency for International Development .
Traming
Rockefeller Foundation Turkey
U.S Agency for International Development
Projects in Nepal, Pakistan, Guatemala, Tanzania,
Zaire and muscellaneous traming
Zaire Government
National Maize Project
Traimng and other miscellanous grants
Unexpended balance from previous year
Earned Income (not included cisewhere)
Total income

8,568
1.048
179
437
350
2,620
150
350
400
150
284
2,600

2,734
533

36
160
219
154

1,490
152

1,304
18

79
330
40
42
69

29

441

151

78

19

100
12,706
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Core operatingexpenses . . . . . . . .
Wheat Program

Maize Program

Economics . .o
Laboratory services . . . .
Experiment station operations
Statistical services
Conferences and Traming .
Information services .
Administration

General operations

Capital acquisitions .

TAC review

Extra core grant and cooperating project expenses .
Additions to working capital and reserves .

TOTAL APPLICATION OF FUNDS, 1977 .

Funds to be applied to 1978 core restricted expenses .

Other funds retained for future application .

TOTAL APPLICATION OF FUNDS

Thousand US$
. 10,027
2,204
1,995
336

s
1,053
134
1,149
386
1,020
1,059
267

43

1,148
462

. 11,837
18

1,051

. 12,706
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